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Abstract. The program of pre-graduate and postgraduate medical education involves the use of cadavers to teach
anatomy by autopsy or examination of dissected samples. The preservation process of the biomaterial must ensure that
it is free from damage, destruction and decomposition. Preservative solutions are used for this, but it remains unclear
whether there is any risk of spread. microorganisms during the teaching of anatomy, research and autopsy procedures
of fixed corpses. The results showed that the fixed cadaveric material, as well as preservative solutions, contain viable
micromycetes. The study of the pathogenicity factors of fungi isolated from anatomical preparations showed that more
than 80% of fungal strains have hydrolytic activity. This study highlights the importance of developing safe manipulation
protocols to avoid possible infection and illness of staff and students.
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Pestome. Mporpamma fo4UNIOMHOMO M NOCNEAUNIIOMHOTO MeANLUHCKOro 06pa3oBaHus npeanonaraeT Ucnosb3o-
BaHWe TPynoB Ansi 06yYeHns aHaTOMUM NyTeM BCKPbITUS UMK U3YYeHNs NIPO3eKTUPOBaHHbIX 06pa3LoB. Mpouecc
KoHcepBaLuu Gromatepuana JOSKeH rapaHTMpoBaTh OTCYTCTBIE €10 NOBPEXAEHUIA, pa3pyLIEHNs 1 pasnoXeHs.
[1nsi 3TOr0 MCMOMb3YI0TCS KOHCEPBUPYHOLLME PACTBOPbI, 0AHAKO OCTAETCS HESICHBIM, CYLLECTBYET N Kakoil-nnbo puck
pacnpocTpaHeHUst MUKPOOPraH3MOB BO BpEMs NpenoAaBaHns aHaTOMUM, UCCHea0BaHUA U NpoLEeayp BCKPbITUS
(hMKCUPOBaHHbIX TPYNOB. Pe3ynbTaThl Nokasanu, YTo UKCUPOBaHHbI TPYMHBIA MaTepuarn, a Takke KOHCepBUpYLoLLne
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paCcTBOPbI COAEPKaT KM3HECTOCOOHbIE MUKPOMULETHI. VI3yyeHune (akTopoB NaToreHHOCTH rpuboB, BbiAENEHHbIX U3
aHaTOMUYECKNX npenapaTtos, Nokasano, Yto bonee 80% wrammos rpnboB 0bnagatoT rMAPOIUTUHECKON aKTUBHOCTbHO.
JT0 uUccnefoBaHWe NogYepkUBaeT BaXHOCTb pa3paboTki NpoTOKOIOB Be3onacHbIX MaHunynsauuili Bo nsbexanue
BO3MOXHOI0 3apaxeHus n 3abonesaHunin nepcoHana u CTy4eHTOB.

KntoueBble cnoBa: aHaTOMUYECKNE npenaparhl, FpVI6bI, (*)aKTOpr NaToreHHoCTH, CbepMeHTbI

INTRODUCTION

AIM

The human body has been used to teach anatomy
since the Renaissance. In fact, the ancient Greek roots
of the word “anatomy” mean “to cut” or “to separate”.
Anatomy museums hold specimens of scientific interest.
This excellent educational tool is used by anatomists
when teaching future physicians. Modern methods of
embalming human cadavers involve the use of formalin
with the addition of glycerin, salts, disinfectants, and wa-
ter. The embalming procedure should provide good pre-
servation of organs and tissues with minimal structural
changes to the corpse. Formalin is known to be a strong
disinfectant. Its ability to inhibit the growth of bacteria
and fungi even in low concentrations has been noted.
This is due to the ability of formalin to attach to amino
groups of protein molecules, which leads to changes and
destruction of the molecular structure of proteins and nu-
cleoproteins. It provides tissue hardness and inactivates
enzymes responsible for postmortem autolytic processes
[1-5].

Despite high efficacy and a wide range of antimicro-
bial activity, some microorganisms do not lose viability
on formalin-treated surfaces, and some strains can even
multiply in cadaver tissues [1]. For example, Yaragalla
and Rajput found Penicillium, Trichophyton and Asper-
gillus species on skin and bone tissue of cadavers fixed
with 5% formalin solution [6]. However, few studies have
addressed the biological risk of manipulation of fixed ca-
daver and the spread of pathogens. N.A. Osman et al.,
S. Hayashi et al., Tabaac et al. showed the presence of
pathogenic bacteria in 10 fixed cadavers used in practice
for teaching anatomy: Staphylococcus aureus, Enterococ-
cus faecalis, Streptococcus pyogenes [7, 8]. The presence
of fungal species such as Trichophyton, Microsporum,
Candida and Cryptococcus was also noted in the work of
C. Molina et al. [9].

Another important aspect is the discoloration of anatom-
ical preparations under the influence of fungal metabolites,
which leads to their unusability. The sources of contamina-
tion of cadavers with various species of microscopic fungi
are quite diverse and include room air, personnel and stu-
dents on the department.

The aim of the present study was to investigate the
fungal species in the air of the anatomy laboratory and to
determine the presence of formalin-resistant fungi on the
surface of cadavers and to evaluate their biological activity.

MATERIALS AND METHODS

Material was collected with sterile cotton swabs from
anatomical preparations, from solutions for storing wet prep-
arations and from cadaver preservation baths. Air sampling
was carried out by artificial sedimentation. Samples were
sown on Czapek’s medium with subsequent cultivation at
28 °C (5-7 days). Species identification of fungi was carried
out on the basis of cultural and morphological properties.

Taxonomic characters (morphology of reproductive struc-
tures, culture characteristics of colonies) were used to identify
fungi. The names of fungal species are given according to the
nomenclature of the Mycobank database [10].

Fungi isolated from anatomical preparations, wet prepa-
ration storage solutions, and cadaver preservation baths
were analyzed for their ability to produce extracellular en-
zymes on solid medium. Protease activity was assessed by
the formation of transparent zones around fungal colonies
on skim milk medium [11]. To determine lipase activity, fungi
were cultured on medium with Tween-80. Their enzymatic
activity was evaluated by the formation of calcium oleate
crystals. Hemolytic activity was evaluated by the formation
of hemolysis zones on blood agar.

RESULTS AND DISCUSSION

The following micro-mycetes were isolated from the dif-
ferent materials.

« Air: Aspergillus niger Tiegh., Penicillum lilacinum Thom,
Aspergillus restrictum Smitt, Mucor ramosissimus, As-
pergillus ustus (Bainier), Aspergillus flavus Raper and
Fennell, Gams, Scopulariopsis brevicaulis (Sacc.) Bai-
nie, Aureobasidium spp., Glioclanium spp., Trichoderma
polysporum Rifai.

+ Solutions and flushes from cadaver preservation baths:
Gliocladium roseum Bainier, Gliocladium spp.
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Table 1
Enzymatic and hemolytic activity of the studied fungal species
Tabnuya 1
depmeHTaTUBHAA M FeMONUTUYECKas aKTUBHOCTb U3YUYeHHbIX BUAOB rpuboB
KonnyecTBo WTammoB, NPOSBASIOLLMX TUAPONMTUYECKYH) aKTUBHOCTb /
Buabi rpuos / Konnyecso wrammos / Number of strains exhibiting hydrolytic activity
Types of mushrooms Number of strains : -
npoteasa/ protease | nunasa/ lipase remonu3 / hemolysis
Aspergillus ustus 5 2 1 2
A. nidulans 1 1 0 1
A. niger 3 3 3 3
A. restrictum 2 0 0 1
A. flavus 3 3 1 3
Gliocladium roseum 2 2 0 2
Trichoderma polysporum 4 3 4 2
Scopulariopsis brevicaulis 1 1 1 0

* Anatomical preparations: Aspergillus nidulans (Eidam),

Fonsecaea pedrosoi (Brumpt).

Itis interesting that the micromycete species isolated from
the air environment of the anatomical laboratory were not de-
tected in solutions or on anatomical preparations. Formalin-
fixed preparations were covered with dense substrate myce-
lium. As a result of exposure to formalin vapors and low air
exchange, no fungal growth occurred and no aerial mycelium
was detected on the preparations. Thus, no contamination of
the air environment with spores of fungi of the genus Gliocla-
dium, as well as species of A. nidulans and F. redrosoi were
recorded. Numerous metabolites produced by these fungi are
dangerous for anatomical preparations. These are primarily
quinones, which form stable complexes with natural poly-
mers. As a result, anatomical preparations acquire coloration.
In addition, volatile toxic isocyanates are formed, which are
the main cause of the development of asthmatic status.

25 mycelial fungi isolated from anatomical preparations,
wet preparation storage solutions and cadaver preservation
baths were analyzed for their ability to produce extracellular
enzymes on solid media. The following fungal species were
tested: Aspergillus niger lilacinum, A. nidulans, A. flavus,
A. restrictum, A. ustus, Penicillum, Mucor ramosissimus,
Scopulariopsis brevicaulis, Aureobasidium spp., Trichoder-
ma polysporum, Gliocladium roseum, Fonsecaea pedrosoi.

The study of the pathogenicity factors of micro-mycetes
isolated from anatomical preparations showed that more
than 80% of fungal strains have hydrolytic activity (Table 1).

Representatives of Penicillum lilacinum, Mucor ramosissimus
and Fonsecaea redrosoi species showed no hydrolytic activity.

An important factor in the pathogenicity of such fungal
species as Aspergillus ustus, A. niger, A. flavus are pro-

teases. The study of virulence factors of these fungi has
shown that the main role in the development of pulmonary
aspergillosis belongs to proteolytic enzymes — elastases,
collagenases [12]. The ability to form extracellular phospho-
lipases has been revealed in many opportunistic fungi that
are causative agents of mycoses [13].

A pronounced hemolytic activity was found in 56% of
fungal isolates. It has been proved that in a number of my-
celial fungi hemolytic activity is the result of toxin produc-
tion. Thus, S.J. Vesper et al. isolated the hemolytic agent
stachylysin from Stachybotrys chartarum [14].

CONCLUSION

Thus, hydrolytic enzymes, which are pathogenicity fac-
tors, were detected in the majority of tested fungal cultures.
Effective prevention of contamination of anatomical muse-
ums and departments by mycelial fungi is necessary, as it
poses a serious health hazard to personnel.
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AONONMHUTENBHAA UHOOPMALINA

Bknap aBTOpoOB. Bce aBTOPbI BHECIN CYLLECTBEHHbIN
BKNapg B pa3paboTKy KOHLENnuuu, npoBeAeHne uccneaoa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0406pUNN UHANbHYHO
Bepcuto nepep nybnukauuen.

KoHhnukT mHTepecoB. ABTOpbI AeKnapupytoT OTCyT-
CTBME SABHbIX U MOTEHUMarbHbIX KOH(IUKTOB UHTEPECOB,
CBSA3aHHbIX C Nybrnukauueit HacTosLen CTaTbMm.

WUcTouHuk ¢puHaHcmpoBaHus. ABTOpbI 3asBnsOT 06
OTCYTCTBUW BHELUHENO (PUHAHCUPOBAHWS NPU NPOBeLEHUM
ncenenoBaHus.
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FEATURES OF SKIN MICROCIRCULATION IN PATIENTS WITH PSORIASIS
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Abstract. Introduction. Psoriasis is a chronic inflammatory autoimmune skin disease involving the musculoskeletal
system in the pathological process. This original study presents comparative results of studying the microcirculatory
bed in the psoriatic papule and in a healthy area of the skin of patients with psoriasis. The aim was to study of the
parameters of microcirculation in a pathological lesion of the skin in patients with psoriasis against the background
of treatment under the influence of artificially created stress. Materials and methods. 16 patients with psoriasis
aged 18 to 25 years who were on inpatient treatment at the Regional Skin and Venereological Dispensary in Chita
were examined. Microcirculation was evaluated by laser speckle interferometry. Statistical analysis and visualization
are performed in the R language (http://cran.rproject.org), version 4.2.3. Results. The dynamics of interlayer blood
flow obtained by laser speckle interferometry in a state of artificially modulated stress in a healthy area of the skin
significantly differ compared with microcirculation in the affected area. Conclusion. The revealed changes in the
microcirculation of the skin contribute to the understanding of the pathogenetic links of the formation of a pathological
focus in patients with psoriasis.

Keywords: psoriasis, microcirculation, psoriatic papules, pathogenesis

OCOBEHHOCTU MUKPOLINPKYNALIUN KOXN
Y BOJIbHbIX NCOPUA3OM
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Pestome. BeedeHue. lcopmas — XpoOHMYECKOE BOCNANNUTENbHOE ayTOMMMYHHOe 3aboneBaHune KOXM ¢ BOBNeYe-
HMEM B NATONOTMYECKMIA NPOLLecC ONOPHO-ABUraTENbHOrO annapaTa. B faHHOM opuriHanbHOM UccnegoBaHnm
npeLCTaBeHbl CPaBHUTENbHbIE Pe3ynbTaTbl M3y4YeHUS MUKPOLMPKYNSTOPHOrO pycna B NcopuaTM4Yeckon nanyne u
B 3J0POBOM y4acTKe KOXW NaLuMeHToB ¢ ncopuasom. Lenb uccnedogaHusi — n3yyeHne napameTpoB MUKpOLMP-
Kynsiyum B NaTONOrMYECKOM 04are KoXu y nalMeHTOB C NCOPMa3oM Ha hOHe NPOBOAMMOrO NEYEHMS NpU BO3AEN-
CTBWW UCKYCCTBEHHO CO3AaHHOro ctpecca. Mamepuansi u memodsl. O6cnefoBaHo 16 nayneHToB ¢ Nncopruasom B
Bo3pacTe 0T 18 [0 25 feT, HAXOANBLUMXCS Ha CTauuMoHapHOM neveHumn B Y3 «KpaeBomn KOXXHO-BEHEPONOrMYeCKui
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pucnadcep» B . Yute. OLeHKy MUKPOLMPKYNALMKA NPOBOANIIM METOLOM N1a3ePHON CNekn-uHTephepoMeTpuim.
CratucTnyeckuin aHanms u Bu3yanusauus BuInomHeHsl Ha a3bike R (http://cran.rproject.org) Bepcumn 4.2.3. Pe3ynb-
mamaI uccnedogaHus. [okaszaTen AMHaMUKN MEXCII0EBOro KpOBOTOKA, NOMTyYeHHble METOLOM Na3epHOM cnekn-
NHTEPEPOMETPUN, B COCTOSIHUM UCKYCCTBEHHO MOAYNIMPOBAHHOIO CTPECCca B 340POBOM YHaCTKe KOXW JOCTOBEPHO
OT/IMYAIOTCS MO CPABHEHUIO C MUKPOLMPKYNALMEN B MOPaXeHHOM yyacTke. 3akarodeHue. BbisBreHHbIe N3MeHeHns
MUKPOLIMPKYNSALMN KOXI BHOCSAT BKITAZ B MOHUMaHNE NaTOreHeTUYECKNX 3BEHbEB (POPMUPOBAHIS NATONOTMYECKOTO

Oo4ara y nayneHToB C Nncoprasom.

KnioueBble cnoBa: ncopnas, MUKpOLMPKYNSLMS, NCOpUATUYECKUe nanyrbl, naToreHe3

INTRODUCTION

AIM

Psoriasis is a chronic immune-mediated inflammatory
skin disease characterized by impaired keratinization and
inflammatory reactions in the dermis. The pathogenesis of
dermatosis includes the interplay between environmental
triggers, hereditary component, inflammatory and autoim-
mune reactions, which directly affects the alteration of skin
microcirculation in psoriasis patients [2, 12]. According
to the literature, autoantibodies and immune complexes
in dermatosis contribute to vascular wall damage, which
correlates with the duration, severity of the pathologic
process and clinical symptoms of the disease. The main
factors contributing to angiopathies in psoriasis are local
skin damage, changes in interstitial metabolism, formation
of hypersensitivity and changes in vascular permeability
(3, 5].

Microcirculatory disorders in patients with psoriasis are
caused by imbalance of hemostasis and coagulation [6].
Thus, scientific studies show an increase in the concen-
tration of C-peptide, plasminogen, fibrinopeptide A, homo-
cysteine and a decrease in the level of antithrombin Ill. The
correlation between hemodynamic disturbance and the fre-
quency of disease exacerbations was determined. Changes
in the rheological properties of blood in patients are fixed
in case of a long history of the disease, presence of foci
of chronic infection, long-term intake of systemic glucocorti-
costeroids and cytostatics, complicated course of psoriasis.

The use of capillaroscopy contributes to a better study
of microcirculatory parameters [1, 7, 8, 13]. Modern studies
present the characteristics of microcirculatory disorders: at
the progressive stage in psoriatic papules capillaries are
thin, at the resolution of clinical symptoms they are dilated
with a tortuous pattern. However, a 20% decrease in the
number of functionally active capillaries was recorded at the
border with healthy skin. The perivascular space is charac-
terized by lymphocytic infiltration, edema, but numerous cy-
toplasmic outgrowths were detected on the endothelium. It
is known that clinically healthy blood relatives with psoriasis
have similar changes in microcirculation.

Study of microcirculation parameters in pathologic skin
focus in patients with psoriasis on the background of the
conducted treatment under the influence of artificially crea-
ted stress.

MATERIALS AND METHODS

The study included 16 people with the diagnosis of “Dis-
seminated psoriasis vulgaris of smooth skin and scalp, pro-
gressive stage, exacerbation” who were treated in the hos-
pital on the basis of the State Institution of Health Care “Re-
gional Skin and Venereological Dispensary” of the Ministry
of Health of the Transbaikal Territory (Chita). All patients in-
cluded in the study were prescribed standard systemic and
topical therapy according to the Federal Clinical Recom-
mendations of the Russian Society of Dermatovenerology
and Cosmetology (RSDVC). Voluntary informed consent
was obtained from all persons included in the study.

The study was performed by laser speckle interfero-
metry in two stages. The first stage was at the moment of
admission to the hospital, and the second stage was before
discharge from the hospital. The stages included three pe-
riods, each of which lasted for three minutes: T1 — res-
ting state, T2 — modulated stress, T3 — restorative resting
state. Each period was accompanied by measurements of
hemodynamic parameters. Stress was created by a color
test implementing the Stroop effect. This method is de-
signed to assess the formation of associative connections
between cortical zones responsible for the perception of
color and lettering. The mismatch between color and se-
mantic meaning of words leads to a conflict of perception
and, as a result, to stress. An mDLS (miniaturized Dynamic
Light Scattering, Elfi-Tech, Rehovot, Israel) sensor attached
to the skin recorded photons that were reflected from red
blood cells moving in adjacent layers of blood flow (shear
rate, or transverse velocity gradient). The first sensor was
placed over the affected area of the outer surface of the
forearm. The second sensor was placed above the first sen-
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sor on healthy skin near the pathologic focus. The signal
was integrated as three Hemodynamic Indexes (HI). The
technique of spectral decomposition of the signal by Fast
Fourier Transform (FFT) into frequency components asso-
ciated with hemodynamic sources of different layer shear
rates was used. The low-frequency (1-300 Hz) index (HI1)
was determined by slow interlayer interaction, the high-
frequency region (HI3) (3000-24 000 Hz) characterized

fast layer shift processes. HI2 (300-3000 Hz) occupied an
intermediate position. To evaluate the tendencies of blood
flow redistribution between fast and slow processes, the
HI1/HI3 ratio index was introduced. The summed index
HI = HI1 + HI2 + HI3 demonstrated the volume of flow cov-
ered by sensor irradiation. The normalized indices RHI1,
RHI2, RHI3 denote the relative contribution of each com-
ponent to the overall dynamic processes (RHI1 = HI1/HI,

Table 1
Microcirculatory hemodynamic parameter prior to and after the treatment in healthy and affected areas of the skin
Tabnuuya 1
MokazaTteny MUKPOLMPKYNATOPHOIN reMOAMHAMMUKK JO U MOCe JIeYeHUs Ha 30POBOM M NOPaXX€HHOM y4acTKaxX KOXu
YpoBeHb CoctosiH1e YpoBeHb BoccraHoBuTens- YpoBeHb
YyacTok CocrosHune
Nokasatens / sosneiictems / | nokos (T1) / 3HaYMMO- | MOZYNMPOBAHHOTO | 3HAYUMOCTM HO€ COCTOsIHUE 3HaYMmo-
. ctm (p1)/ ctpecca (T2) / (p2) / Signifi- nokos (T3) / ctu (p3) /
Parameter Area of Resting state N ) oo
impact (™) Significance | Modulated voltage | cance level | Restorative state | Significance
level (p1) state (T2) (p2) of rest (T3) level (p3)
[emoouHamMu4eckuin 3n0poBbIii 71115 0,890 8491143 0,750 764122 0,980
nhaexe (HI) / yyacTok /
Hemodynamic Healthy area
Index (H1) MopakeHHbiii | 706194 814+314 7464277
y4acTok /
Affected area
l'emoayHamM14ecKmit 3p0poBbIit 0,204+0,030 0,038 0,198+0,023 0,029 0,208+0,032 0,007
nHaekc 1 (HI1) / yyacrok /
Hemodynamic Healthy area
Index 1 (HI1) MopaxeHHbin | 0,161+0,028 0,167+0,022 0,154+0,028
y4acTtok /
Affected area
[emoanHammyeckuin 3n0poBblii 0,519+0,019 0,220 0,528+0,018 0,46 0,525+0,015 0,99
nHaexke 2 (H12) / yyacTok /
Hemodynamic Healthy area
Index 2 (H12) MopaxeHHbin | 0,529+0,019 0,519+0,0257 0,525+0,0221
y4acTok /
Affected area
[emoanHammyeckuin 3n0poBbIi 0,270+0,033 0,017 0,274+0,029 0,012 0,267+0,035 0,009
uHaeke 3 (HI3) / yyacrok /
Hemodynamic Healthy area
Index 3 (HI3) MopaxeHHbin | 0,318+0,030 0,326+0,036 0,328+0,033
yyacrok /
Affected area
OTHoLweHne 3n0oposbii 0,71040,141 0,064 0,67340,105 0,018 0,715+0,145 0,020
HI1/HI3 / Ratio yyacrok /
of HI1/HI3 Healthy area
MopaxeHHbin | 0,514+0,119 0,540,115 0,479+0,113
yyacrok /
Affected area

Note. Hemodynamic indices are dimensionless quantities. Statistical significance of comparing groups according to the paired Wilcoxon criterion: p1 - T1 (healthy area)
and T1 (affected area), p2 — T2 (healthy area) and T2 (affected area), p3 — T3 (healthy area) and T3 (affected area).

MpumeyaHue. TemopnHamuyeckie MHAEKCH sBRslTCS Ge3pasMepHbiMA BenvuymHamy. CTaTucTUyeckast 3HAYMMOCTb CPABHEHUSI TPYNn MO MapHOMY KpUTEpUiO
BunkokcoHa: p1 — T1 (3mopoBbIi yyacTok) v T1 (nopaxeHHbIit y4acTok), p2 — T2 (300poBbIit y4acTok) 1 T2 (nopaxeHHblit yyacTok), p3 — T3 (300poBblit yyacTok) n T3

(nopaxeHHbIN y4acTok).
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Table 2
Microcirculatory hemodynamic parameter on response to stress stimulation in patients with psoriasis
Tabnuua 2
MokazaTeny MUKPOLIMPKYNATOPHOM reMOANHAMUKUA B OTBET Ha CTPECCOPHYH CTUMYNALMIO Y 60NbHBLIX NCOpHa3om
Coctomwe | Cocrosme | Cocromwe | FEEE | SREE | SRS
MokasaTtens / Yuactok Bo3genctausa / | nokosi (T1)/ | nokos (T2)/ | nokosi (T3)/ (01)/ 02)/ (03)/
Parameter Area of impact Resting Resting state Resting P P P
state (T1) (12) state (T3) Significance Significance | Significance
level (p1) level (p2) level (p3)
lemoanHammnye- 3p0poBbIit yyacTok / 711+115 849+143 764+122 0,003 0,018 0,004
ckuin naaeke (HI) / Healthy area
"'elmf’dV”'jlm'C MopaxeHHbIii yyacTok / | 709+296 8144314 7464277 0,48 0,64 0,93
ndex (HI) Affected area
[emogmnHa- 3p0poBbIit yyacTok / 147+19,7 168+31,8 158+27,5 0,007 0,014 0,014
MUYECKUI Healthy area
wrpeke 1 (HI1) 11 mooawenrbit yuactok | | 1264548 | 1294548 | 128535 0,87 0,87 0,87
Hemodynamic Affected area
Index 1 (HI1)
[emoauHa- 3a0poBbIit yyacTok / 370+64,1 4484734 401+65,6 0,004 0,033 0,005
MUYECKMI Healthy area
wrnexc 2 (HI2) 1 | moooyenmpi yuactok | | 4165212 | 421176 | 433204 0,85 0,85 0,85
Hemodynamic Affected area
Index 2 (HI2)
[emoauHa- 3p0poBbIi yyacTok / 194+477 234+51,3 2051476 0,006 0,009 0,009
MUYECKNN Healthy area
wrnexc 3 (HI3) 1 | mooayenmuin yuactok /| 218+82 2414615 | 2364739 0,14 0,19 0,52
Hemodynamic Affected area
Index 3 (HI3)
OTHoLLEHME 3p0poBbIl yyacTok / 0,8+0,226 0,735+0,16 | 0,802+0,224 0,068 0,87 0,091
HI1/HI3 / Ratio Healthy area
of HI/HI3 MopaxeHHbiii yuacrok / | 0,514£0,119 | 0,475:0,135 | 0,479+0,113 0,51 0,34 0,81
Affected area

Note. Hemodynamic indices are dimensionless quantities. Statistical significance of comparing groups according to the paired Wilcoxon criterion: T1 and T2, p2 — T1

and T3, p3 — T2 and T3.

lMpumeyaHue. 'emoanHaMUYECKNE VHOEKCHI SBNSIOTCSA 6e3p63MeprIMM BennynHamu. CTaTucTuyeckasi 3Ha4YMMOCTb CpaBHEHMA Trpynn no napHOMY Kputeputo

Bunkokcora: p1 —T1mn T2,p2 —T1mnT3,p3 —T2u T3.

RHI2 = HI2/HI, RHI3 = HI3/HI). To evaluate the tendencies
of blood flow redistribution between fast and slow proces-
ses, the HI1/HI3 ratio index was introduced.

Statistical analysis and visualization were performed in
R language (http://cran.rproject.org) version 4.2.3. Asses-
sment of the reliability of pairwise differences of all indica-
tors between stages (T1, T2, T3) was performed using the
Wilcoxon test. Decision on the statistical significance of hy-
potheses was made at the level of p <0.05. Quantitative
representation of indicators in the tables was performed in
the format M+SD (mean value + standard deviation).

RESULTS AND DISCUSSION

In the first phase of the study before treatment, a signifi-
cant number of subjects showed a decrease in the relative

normalized hemodynamic index RHI1 in all measurement
periods: T1 (resting state) — healthy site = 0.00029, af-
fected site = 0.00023 (p=0.038); T2 (modulated stress) —
healthy site = 0.00023, affected site = 0.00021 (p=0.029);
T3 (resting recovery state) — healthy site = 0.00027, affec-
ted site = 0,00021 (p=0,007). There was an increase in the
normalized RHI3 index in the affected skin area compared
to the healthy skin area: T1 (resting state) — 0.00038 and
0.00045 (p=0.017); T2 (modulated stress) — 0.00062 and
0.00064 (p=0.012); T3 (restorative resting state) — 0.00035
and 0.00044 (p=0.009) respectively (Table 1).

We have revealed changes in hemodynamic indices on
the affected and healthy sites in response to stressor loading.
Thus, on the healthy skin area in the period T2 (modulated
stress) there was an increase in all normalized hemodynamic
indices (RHI1 of the healthy site = 0.19788, affected site =
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Table 3

Microcirculatory hemodynamic parameter on response to treatment in the T1 period

Tabnuua 3

MokasaTenu MUKPOLMPKYNATOPHOI reMoAMHaMMKM B OTBET Ha NneyeHue B nepuoge T1

Nokasatens / Parameter [o Tepanuu / Mocne Tepanuu / YpOI?EH.b' 3HaymmocTy (p) /
Before therapy After therapy Significance level (p)
l'emoguHamuyeckuit niaeke (HI) / Hemodynamic Index (HI) 7031406 7131242 0,86
l'emoguHamuyeckuin nigekc 1 (HI1) / Hemodynamic Index 1 (HI1) 123470 1314441 0,73
l'emognHamuyeckuit niaeke 2 (H12) / Hemodynamic Index 2 (HI2) 375221 367+128 0,80
l'emogmHamuyeckuin nigeke 3 (HI3) / Hemodynamic Index 3 (HI3) 215115 2154755 0,81
OrtHoweHwe HI1/HI3 / Ratio of HI1/HI3 0,46340,105 0,612+0,099 0,004

Note. Hemodynamic indices are dimensionless quantities. Statistical significance of comparing groups according to the paired Wilcoxon criterion.
MpumeyaHue. TemopnHamuyeckie MHAEKCH sBRsOTCS Ge3pasMepHbiMA BenuumHamu. CTaTucTUyeckast 3HAYMMOCTb CPABHEHUS! TPYnn MO MapHOMY KpUTEpUiO

BunkokcoHa.

HI1/HI3

HI1/HI3

HI1/HI3

1.0

04 05 06 0.7 08 09

03 04 05 06 07 08 09

R |
o <

3MOPOBDLIF YYACTOK/ [MOPAKEHHbIA YYACTOK /
HEALTHY AREA AFFECTED AREA

T1

HEALTHY AREA

Fig. 1.
by study period

Puc. 1.
1 NopaXxeHHOM yyacTKax no nepuogam UccnegoBaHus

=0.15848; RHI2 of the healthy site = 0.52768, affected site =
0.51720; RHI3 of healthy site = 0.29607, affected = 0.27562)
with incomplete recovery of them at stage T3 (resting state
recovery) (RHI1 of healthy site = 0.20681, affected site =
=0.17158; RHI2 of healthy site = 0.52487, affected = 0.58043;
RHI3 of healthy site = 0.26832, affected site = 0.31635). Ho-
wever, no statistical changes between slow and fast interlayer
interactions were detected in the psoriatic focus both at rest

3OPOBLIF YYACTOK/ MOPAKEHHBIA YUACTOK /

3IOPOBDLIA YYACTOK/  [OPAKEHHBIA YUACTOK /

AFFECTED AREA HEALTHY AREA AFFECTED AREA

T2 T3

Dynamics of the change in the ratio between slow and fast interlayer interactions in the HI1/HI3 ratio in healthy and affected areas

[vHaMuka U3MeHeHMs COOTHOLIEHUS MeXAY MeANeHHbIMU U ObICTpbIMU MeXcnoeBbiMU B3aumoaencTusamu HI1/HI3 Ha 3gopoBom

(T1) and under modulated stress (T2), which may indicate a
lack of response in response to stress stimulation (Table 2).

In the second phase of the study, incomplete recovery
of the RHI index (RHI1 before treatment = 0.17496, after
treatment = 0.18373; RHI2 before treatment = 0.53343, af-
ter treatment = 0.51473; RHI3 before treatment = 0.30583,
after treatment = 0.30154) was observed after treatment in
period T1 (resting state) (Table 3).
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Fig. 2. Dynamics of the change in the ratio between slow and fast interlayer interactions in the HI1/HI3 ratio in healthy and affected areas
of the skin

Puc. 2. [uHammka N3MeHeHWs COOTHOLLEHNA MeXAY MeANEHHbIMU U BbICTPbIMU MexcnoeBbimy B3aumogericTauamu HI1/HI3 Ha 3gopoBom

U nopaxeHHOM y4YacTKax KOXu

How to explain the results obtained? It is known that the
emerging local inflammation as well as the processes of neo-
angiogenesis change the character of blood flow in favor of
turbulent flow [4], which affects hemodynamic functions: the
hemodynamic index RHI1 decreases in all periods of measure-
ment, while the RHI3 index increases on the affected skin area.
This assumption is consistent with the results of studies [8, 10],
the authors of which showed that the processes of inflamma-
tion and neoangiogenesis are caused by the appearance of
cytokine-chemokine network. Based on this, we can conclude
that a significant decrease in the HI1/HI3 ratio characterizes a
change in the balance of interlayer velocity distribution (Fig. 1).

At the same time, the unequal response in the affected
and healthy areas in response to the stressor load may be
due to the processes of endotheliocyte maladaptation, the
mechanoreceptors of which may have been blocked due to
impaired wall blood flow, as well as specific proinflamma-
tory cytokines, the action of which is caused by autoimmune
inflammation [9-11] (Fig. 2).

CONCLUSION

1. Laser speckle interferometry-derived measures of
interlayer blood flow dynamics demonstrated significant
changes in the slow RHI1 and fast RHI3 components, un-
changed by exposure to artificially induced stress.

2. At the healthy site, when the stress condition was in-
duced, there was an increase in HI1 with incomplete recov-
ery in the T3 period.

3. The observed change in microcirculation after the treat-
ment is due to the reduction of systemic and local inflammation.

ADDITIONAL INFORMATION

Author contribution. Thereby, all authors made a sub-
stantial contribution to the conception of the study, acquisi-
tion, analysis, interpretation of data for the work, drafting
and revising the article, final approval of the version to be
published and agree to be accountable for all aspects of
the study.

Competing interests. The authors declare that they
have no competing interests.

Funding source. This study was not supported by any
external sources of funding.

Consent for publication. Written consent was obtained
from the patient for publication of relevant medical informa-
tion within the manuscript.

AONONMHUTENBHAA UHOOPMALINA

Bknag aBTOopoB. Bce aBTOpbl BHECNU CYLLECTBEHHbIN
BKIag B pa3paboTky KoHLenuun, NpoBeAeHNe UCCneaoBaHNs
1 NOArOTOBKY CTaTbl, NPOYNK 1 0fobpunu huHanbHy Bep-
CvK0 nepeg nybnukaumen.

KoHchnukT mHTepecoB. ABTOpbI AeKnapupylT OTCyT-
CTBUE SBHbIX W MOTEHLManbHbIX KOH(IIMKTOB WHTEPECOB,
CBSA3aHHbIX C Nybrnukauyein HacTosLen cTaTbMm.

UcTounnk chuHaHcupoBaHua. ABTOpbI 3asBnAlT 06
OTCYTCTBUW BHELIHEro (hMHAHCUMPOBAHWUS NpU NPOBEAEHUM
nccneoBaHus.

UHdopmupoBaHHoe cornacue Ha nybnukaumio. As-
TOPbI MOMYYMNN NUCbMEHHOE COornacKe NauMeHTOB Ha My-
BriMkaLmio MEANLMHCKUX LaHHbIX.
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Abstract. Introduction. The hydrolytic activity of biofluids during pregnancy has been studied. It was found that their
content in blood serum, saliva, urine and coprofiltrate dynamically change from the end of pregnancy to the early
postpartum period. It has been shown that digestive enzymes play an important role in the formation of the Mother-
fetus interaction. The purpose of the work — to study the activity of digestive enzymes in peripheral blood serum,
urine, saliva, coprofiltrate, amniotic fluid, umbilical cord blood in women during pregnancy after childbirth, to compare
with that content in non-pregnant women. Materials and methods. The material for the study was taken from non-
pregnant (n=45) and pregnant (n=82) women — new mothers aged from 18 to 35 years (2-3 days after childbirth). The
dynamics of changes in the activity of hydrolases in biological fluids was studied. Results. A change in the activity
levels of pepsinogen, amylase, alkaline phosphatase and lipase in biological fluids in women during pregnancy and in
the postpartum period compared with those in non-pregnant women was revealed. Conclusions. In pregnant women,
by the end of pregnancy, there is an increase in the activity of all hydrolases in blood serum, an increase in the activity
of pepsinogen and lipase in urine, a significant increase in amylase in saliva and a decrease in the proteolytic and
alkaline phosphatase activities of the coprofiltrate. The homogenate of placenta, umbilical cord blood and amniotic
fluid is characterized by the highest activity of alkaline phosphatase.

Keywords: pregnancy, digestive enzymes, enzyme homeostasis, biological fluids, amniotrophic nutrition
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Peslome. BeedeHue. M3yyeHa ruaponntuyeckas akTMBHOCTb G1ONOrMYECKMX KUAKOCTEN Npu GepeMeHHOCTU.
YCTaHOBIEHO, YTO UX COAEPXaHNE B CbIBOPOTKE KPOBW, CMIIOHE, MOYE W KONpodunbsTpaTe AMHAMUYECKN MEHSETCS
0T KOHLa 6epeMeHHOCTHN 10 paHHero nocnepoAoBoro nepuoga. MokasaHo, YTo NuLeBapuTenbHble (hepMeHTHl
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UrpatT BaxHYH ponb B (GOPMUPOBAHUN B3aUMOAENCTBUS «MaTb—NNoAy». Ljenb uccnedosaHuss — n3yunThb ak-
TUBHOCTb NULLEBaPUTENbHbIX (DEPMEHTOB B CbIBOPOTKE Nepucepuyeckoil KpoBM, MOYE, CAIOHEe, KoNpodunbTpare,
aMHUOTUYECKOW XNOKOCTH, KPOBM MYNOBMHBI Y XEHLMH Npn GepeMeHHOCTH U Nocne POSOB, CPABHUTL C TAKOBbIM
cogepxaHuem y HebepeMeHHbIX xeHwuH. Mamepuanbl u Memodsbl. MaTepuan ans uccnegosaxus 6pancs y He-
BepemeHHbIx (n=45) 1 6epemeHHbIX (N=82) XeHLWNH — poaunbHUL B Bo3pacTe oT 18 go 35 net (2-3-1 geHb nocne
poaoB). M3yyanacb AnHammka W3MEHeHNs akTUBHOCTW rnaponas B GMONornyecknx XuakocTsax. Pesynbmamel.
BbISIBNEHO M3MEHEHMe YPOBHEN aKTUBHOCTW NENCUHOreHa, aMunasbl, WenoyHoit pocdatasbl M nunasel B Grono-
TUYECKNX XUAKOCTSAX Y XKEHLLWUH npu 6epeMeHHOCTI U B NOCNEPOAO0BbIA Nepnuoz N0 CPABHEHMIO C NoKasaTensmm y
HebepeMEHHbIX XeHLMH. Bbigodbl. Y BEPEMEHHbIX XEHLUMH K KOHLY 6epeMeHHOCTN HabmohaeTCs NoBbIeHNe
aKTMBHOCTM BCEX rMApoNas B CbIBOPOTKE KPOBM, YBENMYEHNE aKTUBHOCTW NENCUHOTEHA U IMNasbl B MOYe, Cylue-
CTBEHHOE NOBbILIEHWEe amMunasbl B CIIOHE U CHUXEHME NPOTEONNTUYECKON U LENOYHO-PoCcHaTasHON aKTUBHOCTEN
konpodunbTpata. [oMoreHaT nnaueHTbl, NyNOBUHHAS KPOBb M aMHUOTUYECKAS XNAKOCTb OTNNYaKTCS Hanbonee
BbICOKON aKTUBHOCTbHO LLeNoYHOMN pocdaTasbl.

KnioueBble cnosa: 6€peMeHHOCTb, nuieBapuTENibHbIE (bepMeHTbI, (*)epMeHTHbIVI romeoctas, buonornyeckme

KNOKOCTH, aMHVIOTpO(*)HOG nuTaHne

INTRODUCTION

MATERIALS AND METHODS

Different mechanisms are involved in the homeostasis
of pepsinogen, amylase, alkaline phosphatase, and lipase,
among which are the secretion and excretion of digestive
gland hydrolases [5-8, 13, 16].

At present, it has been confirmed that digestive gland
hydrolases are widely distributed in the biological media of
the organism, which, being increted into blood and lymph,
are distributed according to the selective permeability of
histohematic barriers, including the uteroplacental barrier,
which supplies hydrolases to the amniotic fluid [1, 11, 14,
17-19, 21].

Digestive hydrolases are of particular importance in the
system “maternal organism — placenta, amniotic fluid — fe-
tus” [2-5, 8, 9].

Pregnancy establishes a relationship between the mater-
nal body and the growing fetus. The fetus absorbs nutrients
with amniotic waters that are hydrolyzed to monomers in
the gastrointestinal tract (GIT) of the developing organism
by enzymes that are recreted into the aquafetal environment
(autolytic digestion) [10, 13, 15, 16, 20, 21].

The “fate” of secreted digestive enzymes in pregnant
women, changes in the levels of enzyme activity in biologi-
cal fluids throughout pregnancy and in the postpartum period
have not been fully studied [12, 19, 20].

AIM

To study the activity of digestive enzymes in peripheral
blood serum, urine, saliva, coprofiltrate, amniotic fluid, um-
bilical cord blood in pregnant and postpartum women and
compare it with that in non-pregnant women.

The study was conducted on the basis of the St. Pe-
tersburg State Budgetary Health Care Institution “Maternity
Hospital No. 6 named after Prof. V.F. Snegirev”.

The material for the study was taken from non-pregnant
(n=45) and pregnant (n=82) women. Maternity patients
aged from 18 to 35 years.

The content and activity of enzymes (pepsinogen, am-
ylase, lipase and alkaline phosphatase) were studied in
peripheral blood serum, urine, oral fluid, coprofiltrate, am-
niotic fluid, umbilical cord blood in pregnant women at 39-
40 weeks of pregnancy, in women on the 2-3rd day after
delivery, and once in the control group.

All patients were informed about the purpose and me-
thods and gave written voluntary informed consent to par-
ticipate in the study (protocol No. 0608-23 of 07.08.2023 of
the ethical committee meeting).

Total proteolytic activity was determined at low pH values
of 1.5-2.0 by spectrophotometric (tyrosine) Kunitz-Northrop
method. Amylolytic activity was determined by amyloclas-
tic method according to Caraway. Lipolytic activity was de-
termined by unified method using olive oil as a substrate.
Alkaline phosphatase activity was determined by standard
constant time method using a set of reagents from Lahema
diagnosticum (Czech Republic).

Differences between the groups by the level of the stu-
died signs were evaluated using the Mann-Whitney U-cri-
terion. Differences were considered significant at the pro-
bability of error p <0.05.

Statistical processing of the obtained data was carried out
in Microsoft Excel 2003 spreadsheet environment, as well as
Primer of biostatistics 4.03 and SPSS 11.0 programs.
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RESULTS

As a result of these studies, it was revealed that the
blood serum of pregnant women at 39-40 weeks of preg-
nancy contains 1.5-2 times more hydrolases than that of
non-pregnant women (Table 1).

On the 2-3 day after delivery in women the content of
enzymes in the blood serum decreases, but remains higher
than in the examined women of the control group. Appa-
rently, this is due to the increased secretion of hydrolases in
women during pregnancy [5, 6].

The study of digestive enzyme activity in the urine of the
examined women revealed the following changes (Table 2).

At 39-40 weeks of pregnancy, the level of proteolytic
and lipolytic activity of urine in women is significantly higher
than in non-pregnant women (p <0.05). On the 2-3 day
after delivery in women giving birth, there is a significant de-
crease in the enzymatic activity of this biological fluid for all
the studied indicators, regardless of the increase of these
enzymes in the antenatal period.

When studying the activity of digestive enzymes in sa-
liva, it was revealed that the saliva of pregnant women has
greater proteolytic activity than that of patients in the control
group (Table 3).

The indices of pepsinogen in saliva decreased in post-
partum women in 1.8 times (p <0.05) compared to those of

Table 1

Indicators of the activity of digestive enzymes in the blood of control group individuals,
women at 39-40 weeks of pregnancy and postpartum women

Tabnuua 1

MokazaTenu akTMBHOCTM NULLEBAPUTENbHBIX ePMEHTOB B KPOBM Y JTUL, KOHTPONBHOI rpynnbI,
KEeHWMH Ha 39-40-11 Helene 6epeMeHHOCTH U POAUITbHUL, Noce POAoB

[encuHoreH, LLlenoyHas
KoHTWHreHT nccneayembix / T™p. ea/mn / Amunasa, eg/mn/ | occatasa, ea/mn/ | Jlvnasa, ea/mn /
Contingent of the studied Pepsinogen, | Amylase, units/ml | Alkaline phosphatase, | Lipase, units/ml
tyr. units/ml units/ml
1. KontponeHas rpynna / Control group (n=45) 58,2+1,1 13,5+0,8 722,1+50,6 18,1+0,7
2. bepemeHHble Ha 39-40-i1 Hegene GepemeHHoCTY / 60,2441 23,0+1,7* 1182,3+106,4* 34,6+1,7*
Pregnant women at 39-40 weeks of pregnancy (n=82)
3. PogunbHuupbl Ha 2-3-it aeHb nocne poaos / 44.9+1,1* 19,6+0,8* 868,4+92,3 26,4+1,2*
Maternity hospitals 2-3 days after delivery (n=82)
Note: the reliability of differences with the indicators of the control group: * — p <0,001; ** — p <0,05.
lpumeyaHue: [OCTOBEPHOCTb Pasniyuil ¢ NOKa3aTeNsMIU KOHTPOMbHOM rpynnbl: * — p <0,001; ** — p <0,05.
Table 2
Indicators of the activity of digestive enzymes in the urine of individuals in the control group,
women at 39-40 weeks of pregnancy and postpartum women
Tabnuya 2

MokasaTenu akTMBHOCTM NULLEBAPUTESIbHLIX hepMEHTOB B MOYE Y JIUL KOHTPOJILHOM rpynnbl,
KEHWMH Ha 39-40-/ Hegene 6epPeMeHHOCTU M POAMITbHUL, MOCHe POAOB

Mencutorek, q)occtliiigggH:ﬂ/Mn /
KoHTWHreHT nccnegyembix / TMp. ea/mn / Amunasa, ea/mn / ! A Jlvnasa, eg/mn /
. . ) X Alkaline . .
Contingent of the studied Pepsinogen, Amylase, units/ml Lipase, units/ml
. phosphatase,
tyr. units/ml .
units/ml
1. KonTponbHas rpynna / Control group (n=45) 4520,3+320,4 64,1+1,2 428,6+29,0 20,6+1,2
2. bepemenHble Ha 39-40-11 Hegene GepeMeHHOCTH | 9650,1+504,1** 67,2414 410,9+36,2 41,2+1,6*
Pregnant women at 39-40 weeks of pregnancy (n=82)
3. PogunbHubl Ha 2-3-i1 aeHb nocne pogos / 3698,5+278,8* 41,2+0,9* 240,4+17,8** 27,5+1 5%
Maternity hospitals 2-3 days after delivery (n=82)

Note: the reliability of differences with the indicators of the control group: * — p <0,001; ** — p <0,05.
lMpumeyaHue: [OCTOBEPHOCTb Pa3NnyYNiA C MoKkasaTensiMn KOHTPONbHON rpynnbl: * — p <0,001; ** — p <0,05.
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Table 3
Indicators of the activity of digestive enzymes in saliva in the control group,
women at 39-40 weeks of pregnancy and postpartum women
Tabnuya 3

lMoka3aTenu akTMBHOCTM NULLEBAPUTENBHBLIX PEPMEHTOB B CMIOHE Y NUL KOHTPONBLHOM rPynnbI,
XEHIWMH Ha 39-40-1 Hepene GepeMeHHOCTM U POANNLHUL, Nocne POAoB

[NencuHoreH, LLlenoyHas
KoHTWHreHT nccneayembix / TMp. ea/mn / Amunasa, eg/mn/ | doctarasa, eg/mn/ | Iunasa, eg/mn/
Contingent of the studied Pepsinogen, Amylase, units/ml | Alkaline phosphatase, | Lipase, units/ml
tyr. units/ml units/ml
1. KoHtponbHas rpynna / Control group (n=45) 1520,9+247,6 2385,3+264,7 215,6+22,3 64,8+7,0
2. bepemeHHble Ha 39-40-i1 Hegene GepeMeHHOCTH | 2612,9+218,1* 4781,6+423,8* 361,8+30,2 121,1+11,6*
Pregnant women at 39-40 weeks of pregnancy (n=82)
3. PogunbHuLbl Ha 2-3-i1 aeHb nocne poaos / 1463,3£221,6 3109,0+£294,2** 475,3+31,6** 70,9454
Maternity hospitals 2-3 days after delivery (n=82)
Note: the reliability of differences with the indicators of the control group: * — p <0,001; ** — p <0,05.
lMpumeyaHue: [OCTOBEPHOCTb Pa3nNnyuil C NoKka3aTensiMu KOHTPOMbHOI rpynnbl: ¥ — p <0,001; ** — p <0,05.
Table 4
Indicators of the activity of digestive enzymes in coprofiltrate in the control group,
women at 39-40 weeks of pregnancy and postpartum women
Tabnuua 4

Moka3aTenu akTMBHOCTM NuLieBapUTENbHbIX hepMEHTOB B konpodunbTpaTte Y ML, KOHTPONbLHOW FPYRnbI,
KeHLWMH Ha 39-40-11 Hegene 6epeMeHHOCTH U POAUNBHUL, Nocne POAoB

encuHoreH, LLlenoyHas
KoHTuHreHT nccnegyembix / TMp. ea/mn/ | Avwunasa, eg/mn/ | ocdatasa, ea/mn/ | Jlunasa, eg/mn/
Contingent of the studied Pepsinogen, | Amylase, units/ml | Alkaline phosphatase, | Lipase, units/ml
tyr. units/ml units/ml
1. KoHtponbHas rpynna / Control group (n=45) 442,2+20,5 19,5+0,8 6220,4+248,0 320,8+12,6
2. bepemeHHble Ha 39-40-i1 Hegenn 6epemMeHHOCTY / 153,8+10,9* 44 4+3 9* 2236,6+158,6* 344 4+17 2
Pregnant women at 39-40 weeks of pregnancy (n=82)
3. PoaunbHuubl Ha 2-3-/1 AeHb nocne pogos / 315,3+16,8** 18,3+0,9 3229,2+122 1** 324,3+13,6
Maternity hospitals 2-3 days after delivery (n=82)

Note: the reliability of differences with the indicators of the control group: * — p <0,001; ** — p <0,05.
lMpumeyaHue: [OCTOBEPHOCTb Pa3NMYNiA C NoKa3aTeNsiMn KOHTPONbHON rpynnbl: * — p <0,001; ** — p <0,05.

pregnant women at 39-40 weeks of pregnancy, which cor-
responds to the protein-producing function in the “mother—
fetus” system (Table 3).

Amylolytic activity of saliva had a significant increase by
39-40 weeks of pregnancy (2-fold, p <0.001) in women com-
pared to controls. On the 2-3" day after delivery, amylase
activity decreased, not reaching the values in non-pregnant
women.

Similar dynamics was observed with respect to salivary
lipase activity, with an increase in the enzyme level at the
end of pregnancy and a decrease in the postpartum period.

There was a significant increase in alkaline phosphatase
activity of saliva at 39-40 weeks of pregnancy by 1.9 times

(p <0.001) in women compared with control parameters,
with a further increase in the level of the enzyme in women
on the 2-3" day after delivery.

Indices of activity of digestive enzymes in coprofiltrate
in the studied groups of women are presented in Table 4.
There was a significant decrease in proteolytic and alkaline
phosphatase activity of coprofiltrate in pregnant women on
the 39-40" week of pregnancy and in laboring women on
the 2-3" day after delivery compared to the control group.

Amylolytic activity of coprofiltrate in pregnant women
reaches values twice higher than in the control group by the
end of pregnancy. After delivery, it becomes lower than the
initial level and indicators of non-pregnant women.
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Table 5
Indicators of the activity of hydrolases of amniotic fluid, umbilical cord blood, and placenta
Tabnuua 5
lMoka3aTenu akTUBHOCTW rMApPONa3 aMHMOTUYECKOW XUAKOCTY, NNaLEeHTbI U NYNOBUHHOW KPOBU
AMHMOTNYECKan [omoreHat
MmaponuTuyeckas akTMBHOCTb / MynoBMHHas KPoBb /
) L XUOKOCTb / nnaueHTbl / Placenta .
Hydrolytic activity AP Umbilical cord blood
Amniotic fluid homogenate
Amunonutudeckas, ea/mn / Amylolytic, units/ml 16,3+0,7 9,2+0,5 36,7+4,5*
LLlenoyHo-thocdaTtasHas, en/mn / Alkaline phosphatase, units/ml 3287,6+174,0 6906,2+208,1* 1282,1+316,2
Obwas npoteonutuyeckas, Tnp. ea/mn / Common proteolytic, tyr. units/ml 566,4+39,1 759,0+25,5* 104,1+46,9*
Junonutuyeckas, ea/mn / Lypolytic, units/ml 232,1+17,8 212,3+36,4 167,7+£12,3*

lpumeyaHue: [OCTOBEPHOCTb Pa3nMYNi C NOKa3aTeNs MM aMHUOTUYECKON XuakocTh: * — p <0,001; ** — p <0,05.
Note: the reliability of differences with the indicators of the amniotic fluid: * — p <0,001; ** — p <0,05.

There were no significant differences in the lipolytic
activity of coprofiltrate in women at the end of pregnancy
and after childbirth compared to that in non-pregnant
women.

Pregnancy ensures the circulation of digestive hydrola-
ses in the system “maternal organism — placenta, amniotic
fluid — fetus” for their subsequent participation in hema-
totrophic nutrition and autolytic digestion of the fetus [5,
6, 15].

Amniotic fluid and umbilical cord blood have high hydro-
lytic activity. The extract from placenta contains hydrolases
in a greater amount, taking into account the fivefold dilution
of the homogenate (Table 5).

Thus, amylolytic activity in umbilical cord blood is
2 times higher than in amniotic fluid. The total proteolytic
activity was significantly higher in the extract from placenta
and amniotic fluid than in umbilical cord blood, indicating
the concentrating ability of the placenta and amnion. The
same pattern was observed with respect to lipase activity.
At the same time, the content of alkaline phosphatase was
particularly high in the extract from the placenta, and the
amniotic fluid and cord blood contained almost as much of
the enzyme as the maternal blood plasma before labor.

Thus, hydrolases secreted by digestive glands can par-
ticipate in the organization of creator communication, for-
mation of functional blocks of different purposes and func-
tional systems of trophic and transport support for interor-
gan and interorganism interaction in the system “maternal
organism — placenta, amniotic fluid — fetus”.

DISCUSSION

In the biological fluids of the system “mother — fetus —
newborn — infant” selectively specific digestive enzymes,
secreted in the maternal body, are distributed, detected by
proteolytic, amylolytic, lipolytic, alkaline-phosphatase activi-

ties of blood plasma (serum), saliva, urine, coprofiltrate and
amniotic fluid.

Our studies revealed a slight increase in pepsinogen ac-
tivity in blood serum in pregnant women at 39-40 weeks of
pregnancy with a subsequent decrease in the activity of the
enzyme in laboring women on the 2-3" day after delivery.

In pregnant women there was an increase in amylolytic,
alkaline-phosphatase and lipolytic activities of blood serum
in the Il trimester compared to the indicators of the control
group. In the postpartum period, enzyme activity decreased,
not reaching the values of non-pregnant women.

The homeostasis of hydrolases synthesized by diges-
tive glands is maintained by a system of interacting mecha-
nisms, among which the renal excretion pathway is consi-
dered to be the most significant [8].

According to G.F. Korotko, the kidneys excrete a very
significant amount of increted enzymes, while other path-
ways of enzyme excretion and degradation cannot compen-
sate for their renal excretion from the body [8].

Our studies showed that the proteolytic activity of urine
steadily increased towards the end of pregnancy, which is
associated with increased enzyme excretion in urine and
saliva.

Similar dynamics had lipolytic activity of urine, which in-
creased by the end of pregnancy in all women who gave
birth and remained higher than in non-pregnant women.

At 39-40 weeks of pregnancy, an increase in amylolytic
and a decrease in alkaline phosphatase activity of urine was
observed in women compared with the control group [5, 8].

In all pregnant women, the recreation of enzymes (amy-
lase, lipase and pepsinogen) by the salivary glands is di-
rectly related to gestational age, with an increase in enzyme
activity at the end of pregnancy and a decrease after deli-
very. Alkaline phosphatase activity increased significantly in
the dynamics of pregnancy, with the greatest increase after
delivery.
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Excretory-recretory origin of hydrolytic activity of copro-
filtrate is explained by the fact of detection of amylase, pep-
sinogen, lipase and alkaline phosphatase in feces. At 39—
40 weeks of pregnancy, amylolytic activity increased in all
women, while pepsinase and alkaline phosphatase activity
decreased almost 3-fold (p <0.001) compared to the values
of non-pregnant women. There were no significant diffe-
rences in lipolytic activity of coprofiltrate in pregnant women
and laboring women.

The amnioplacental barrier is involved in the selective
accumulation of digestive enzymes in amniotic fluid and in
the placenta itself [5, 6, 15, 19].

We found that in placenta homogenate and amniotic
fluid the content of enzymes is quite significant. Umbilical
cord blood in comparison with placenta homogenate and
amniotic fluid contains less enzymes: there is 6-7 times
lower pepsinogen activity than in placenta, and 4-5 times
lower than in amniotic fluid.

Our data indicate that the homeostasis of hydrolases is
maintained due to their recreation and excretion from the
body. In pregnancy, there is a dynamic change in the indica-
tors of enzymatic activity of biological fluids, while homeo-
static parameters are maintained at the level necessary for
its development.

CONCLUSION

1. At the 39-40th week of pregnancy, women showed an
increase in proteolytic, amylolytic, alkaline phosphatase and
lipolytic activities of blood serum compared to the control
group.

2. A significant increase in pepsinogen and lipase acti-
vity in urine was observed in women toward the end of preg-
nancy, followed by their decrease in postpartum women.

3. The greatest changes in saliva of pregnant women
were observed with respect to amylase, the activity of which
remained high in postpartum women.

4. There was a significant decrease in proteolytic and
alkaline phosphatase activities of coprofiltrate in pregnant
women at 39-40 weeks of pregnancy and in postpartum
women at 2-3 days after delivery compared to the control
group.

5. High activity of alkaline phosphatase is noted in pla-
centa homogenate, umbilical cord blood and amniotic fluid.
Total proteolytic activity is most pronounced in placenta ho-
mogenate and amniotic fluid.
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AONONMHUTENBbHAA UHOOPMALINA

Bknag aBTOpoOB. Bce aBTOPbI BHECIN CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLEeNnuuu, npoBeAeHue uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, NPOYY M 0f406pUNN UHANbHYHO
Bepcuto nepep nybnukauyuen.

KoHhnukT mHTepecoB. ABTOPbI AeKnapupytoT OTCyT-
CTBME SBHbIX W NOTEHUWANbHbIX KOH(IIMKTOB WHTEPECOB,
CBSI3aHHbIX C NybnnkaLnen HacTosLen craTbi.

WUcToununk ¢hmHaHcupoBaHuA. ABTOpbI 3aaBnAlT 06
OTCYTCTBUW BHELHEro (hMHAHCUMPOBaHWUS NpU NPOBEAEHUM
“ccnenoBaHus.

UHdopmupoBaHHoe cornacue Ha nybnukaumio. As-
TOPbI MOMYYMNN NUCbMEHHOE COornacue NauMeHTOB Ha ny-
Brivkaumio MEANLMHCKMX LaHHbIX.
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Abstract. Introduction. It is well-established that morphological and optical characteristics of lymphocytes reflect
their functionalactivity, making them suitable for assessing the status of the immune system. This is particularly
significant as exposure to adverse environmental conditions, such as those associated with copper-zinc pyrite ore
mining, can have negative effects on the body. The relevance of this issue is underscored by the potential risks faced
by mining workers who come into contact with the ore, which contains heavy metal salts, and can lead to negative
health outcomes. The aim of this study was to investigate the effects of copper-zinc pyrite ore on the surface area,
nuclear area, and optical density of rat’s lymphocytes of the peripheral blood. Materials and methods. The study
utilized a sample of lymphocytes from the peripheral blood of rats, which were exposed to copper-zinc pyrite ore
under controlled conditions. Measurements were taken of the aforementioned parameters, and statistical analysis was
performed to determine any significant changes in these characteristics. In the study, we used computer morphometry
to analyze the dimensional parameters and structural features of lymphocytes, as well as the optical properties of
these cells, in rats that had been exposed to copper-zinc pyrite ore. In the study were used 70 male rats, aged three
to four months and weighing an average of 210.5+£10.5 grams. The rats were divided into 5 groups based on the
timing of their exposure to copper-zinc pyrite ore. The morphometric parameters of the lymphocytes were determined
using computer morphometry by “MEKOS-C2” automated microscopy system (Russia), which was integrated with
the AXIO Lab A1 microscope (ZEISS, Germany) for smear analysis. Results. During the experiment, the nuclear
area of lymphocytes was increased, while its optical density decreased, the cytoplasmic area and optical density
were decreased. Discussion. The findings suggest that exposure to copper-zinc pyrite ore was leaded to changes
of lymphocyte morphology, specifically an increase of nuclear area. Further research is needed to understand the
implications of these changes and their potential impact on immune function. The observed changes of the size and
optical density of the cell nucleus could be due to a conversion of heterochromatin to active euchromatin and a decrease
in the metabolic activity of the cytoplasm. Conclusions. The rearrangements in the morphometric parameters and
optical properties of lymphocytes that have been observed may be the result of adaptive processes of rat’s immune
system under the influence of copper-zinc pyrite ore.

Keywords: lymphocytes, histograms, copper-zinc pyrite ore, optical density, rats
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Peslome. BeedeHue. N3BeCTHO, 4TO MOPONOrM4Yeckme n ONTUYeckne napameTpbl OTpaXarT MYHKLUOHANbHYHO
aKTUBHOCTb JIMMEOLMTOB, YTO NO3BOSISIET UCMONb30BATh UX AN OLEHKM COCTOSHUS UMMYHHOW CUCTEMbI OpraHuama.
AkTyanbHOCTb Npobnembl onpeaenseTca TeM, 4TO Npu BO3AENCTBAN Ha YerioBeka HebnaronpusaTHbIX (hakTopoB
cpefpbl, CBA3aHHbIX C ME4HO-LHKOBOW KONYeJaHHOW pyLon, BO3HUKAKT OTpULaTenbHble NocneacTBus Ans opra-
HW3ma. [laHHble HeraTuBHble athekTbl MOryT HabnogaTbes y paboTHUKOB rOpHOA0ObLIBAIOLMX NPEANPUATIA NPK UX
KOHTaKTe C pyfoW, Tak Kak B ee COCTaB BXOASAT COMM TAXenbIX MeTannos. Lenb pabomsi 3aknoyanach B Uccneno-
BaHWW NroLaamn NoBepXHOCTH NMMOLMTOB, NNOLAAN U ONTUYECKOW NAOTHOCTY A4pa W LMTONNasMbl MMMGOLMUTOB
nepndepuyeckon KpOBM KpbIC Nog BO3AECTBUEM MeHO-LMHKOBOW KonyeaaHHoN pyabl. Mamepuanbi u Memodbl.
B pabote ¢ noMOLLbI0 KOMMBIOTEPHON MOPCHOMETPUM B XPOHUHECKOM 3KCMEPUMEHTE U3YYeHbl pa3MepHbIe NokasaTenu
NMMEOLMTOB 1 UX CTPYKTYP, @ Takxe ONTUYECKNe CBOCTBA 3TUX KNETOK Y KPbIC, NOABEPrHyThIX BO3LENCTBUIO MEAHO-
LIMHKOBOW KonyefaHHOM pyabl. B akcnepumeHTe ncnonb3oBani 70 HENWHERHBIX KpbIC-CaMLoB 3-4-MeCs4HOro Bo3pacTa
(cpenHss macca 210,5+10,5 r). B coOOTBETCTBUM CO CpOKaMM BO3LENCTBUS PYAbl KpbIChl Bblfn pasaeneHsl Ha 5 rpynn.
MopdomeTpryeckne napameTpbl IMMQPOLUTOB ONpeaensanM MeTOL0M KOMMbIOTEPHON MOPGOMETPUM, C MOMOLLbIO
komnnekca aBTomatnyeckoit Mukpockonm « MEKOC-LI2» (Poccusl), ycTaHOBNEHHOTO B cOCTaBe (PYHKLMIA AN aHanumsa
ma3koB Ha Mukpockone AXIO Lab.A1 (ZEISS, lepmanus). Pe3ynbmambi. Bo Bce Cpoky 3KCNepUMeHTa NpoMcxXoauso
yBenuyeHue nnowaam aapa nMMGoLMUTOB Ha POHE CHIKEHUS €r0 ONTUYECKON NNOTHOCTW. Habntoganock yMeHbLUeHNe
ONTMYECKON NNOTHOCTYW W NNOLaAwW Lutonnambl numgoumntos. 06cyxdeHue. Habnogaemble M3MeHeHUs nnoLaan v
ONMTUYECKOW NNOTHOCTY fApa NMMAOLMTOB Nepudepnyeckon KpoBM, BO3MOXHO, Bbini 06yCNOBNEHbI NPeBpaLLEHNEM
reTepoxpoMaTiHa B aKTUBHbI 9YXPOMATMH, @ LMTONA3Mbl — CHUXEHWEM ee METaboNn4eckoi akTBHOCTU. Bbigodhbl.
BbisiBNEHHbIE NEPECTPOIKM MOP(OMETPUYECKIX MOKA3aTENEN M ONTUYECKNX CBONCTB NMMGOLMTOB Bbini 06yCroBEHbI
afanTUBHbIMW NPoLeccamt UMMYHHOW CUCTEMBI KPbIC NPpY AECTBUM HA OPraHu3M pyabl.

KnioueBble cnoea: J'IMM(bOLWITbI, r’MCTOrpaMmmbl, MEQHO-UNHKOBAA KON4YeaaHHaa pyaa, ontTu4eckas ninoTHOCTb, KPbIChI

INTRODUCTION

AIM

Recent studies have shown that certain indicators of
peripheral blood lymphocytes, such as diameter, peri-
meter, and area, reflect not only morphological features
of the cells but also their functional activity [1]. Additio-
nally, optical properties of these cells can provide insight
into the state of their internal structures.

Achange in the range of variations in the size parameters
of lymphocytes can serve as an indicator of impaired immu-
noreactivity of the body and the development of pathologi-
cal processes in response to adverse environmental factors
[1, 2]. It is therefore of great practical importance to study
the morphometric and optical characteristics of peripheral
blood lymphocytes in laboratory animals under exposure to
salts of heavy metals, which are part of the ores that mi-
ning workers come into contact with. There are three major
deposits in Bashkortostan that produce copper-zinc pyrite
ore, and their composition contains approximately 60 harm-
ful impurities, including salts of heavy metals like arsenic,
antimony, mercury, and fluorine [3].

The aim of the study was to investigate the morphomet-
ric and optical features of lymphocytes, such as cell surface
area, nuclear and cytoplasmic size, and optical density, in
the peripheral blood of rats exposed to copper-zinc pyrite
ore.

MATERIALS AND METHODS

The effect of copper-zinc pyrite ore on hematological pa-
rameters was studied in 70 white non-linear male rats aged
3-4 months and weighing 210.5£10.5 grams. There were 5 ex-
perimental groups and one control group. Experimental rats
received a water suspension of copper-zinc pyrite ore orally
for 10, 20, 30, 45, and 60 days at a dose of 600 mg/kg body
weight [4, 5]. During the experiment, we followed the principles
outlined in the directives of the European Community (86/609/
EEC), the Helsinki Declaration, and the “Rules for Carrying Out
Work Using Experimental Animals” as well as the recommen-
dations of the Bioethics Council of the Bashkir State Medical
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University. Standard cages (n=6), with free access to food and
water, were used for the animal husbandry in the vivarium at
an average temperature of 24+2 °C, in accordance with the
guidelines of SP 2.2.1.3218 and Directive 2010/63/EU on the
protection of animals used for scientific purposes. Blood was
collected from the rat’s tail vein. The animals were euthanized
using decapitation and ether anesthesia [6]. A blood smear was
stained by method Romanovsky—Giemsa. The morphometric
parameters of lymphocytes were determined using computer
morphometry of the “MEKOS-C2” automated microscopy sys-
tem (Russia), which was installed as part of the smear analysis
functions on the AXIO Lab A1 microscope (ZEISS, Germany).
There were calculated all types of leukocytes, a database of
their images was created, and after sorting, the data was trans-
ferred to MS Excel. Based on calculating the area of 200 cells
in each sample, histograms were built to show the distribution
of cells, which allowed for the average values and ratios of cell

proportions to be taken into account of leukocyte formula. The
sample of the ore was provided by the Uchalinsky Mining and
Processing Plant.

There were studied an optical density of the cytoplasm
and nucleus of lymphocytes was studied. To estimate opti-
cal density parameters, the brightness distribution over the
object was used, using the specific optical density index.
The specific optical density index was measured in three
spectral ranges of the video camera — blue, green, red,
determined by the color of the rays absorbed by the sub-
stance. The total spectral range reflected the functional ac-
tivity of the cell. There were calculated the integral optical
density of the cytoplasm, optical density indices and specific
total optical densities of lymphocytes [7].

The number and volume of rat’s lymphocytes were ana-
lyzed using a veterinary semi-automatic hematology ana-
lyzer, Vet Exigo 19 (Sweden).
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Fig. 1. Histograms of the distribution of the area of rat’s lymphocytes exposed to copper-zinc pyrite ore
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The data obtained were processed using the statistical
software STATISTICA 12 (StatSoft, USA). Nonparametric the
Mann-Whitney and the Kruskal-Wallis tests, were used to
determine the statistical significance of differences between
samples. The median value (Me) and the interquartile range
(Q1, Q3) of lymphocytes volume were calculated. Differences
were considered statistically significant if p <0.05. Correlations
between variables were assessed using the Spearman cor-
relation coefficient, a nonparametric measure of association.

RESULTS

There are presented histograms of the distribution of
rat's lymphocytes across the area occupied by cells on the
glass area in the initial state and at various experimental
time points are presented in Figure 1.

The distribution of cells area during the experiment under
the influence of copper-zinc pyrite ore was characterized by
imperfections and asymmetry. This was manifested by a shift
of the peak of the distribution curve to the left and the pre-
sence of a “tail” extending to large values of the indicator.

During all study periods, the histogram of the area showed
a maximum value of 60 um?, except for 45 days. In control
conditions, the proportion of small cells (less than or equal to
60 um?) accounted for 48% of the total, and medium cells (less
than or equal to 90 um?), 43%. Together, these two groups ac-
counted for more than 90% of circulating cells. The nature of
the distribution curves changed slightly during the first period
of the experiment. By the 30" day, based on the histograms of
lymphocyte area, a shift in the apex was observed to the left,
which was attributed to an increase in the proportion of larger
cells within the overall population. The mean cell area did not
statistically significantly change (Fig. 1).

On the 45" day, there was a slight modification to the shape
of the histogram for the distribution. The curve for the lympho-
cyte region shifted towards larger values (73 um?), and the
histogram became more symmetrical. This change in the pro-
portion of cell fractions based on area led to an increase in the
average size of lymphocytes. The proportion of medium-sized
cells (between 75 and 90 um?) was greater than 50% at this
time, compared to other periods where the proportion of these
cells did not exceed 43%. It should be noted that during this ti-
me, the number of lymphocytes in circulation increased (Table 1).

The study of intracellular parameters throughout the ex-
periment revealed that the cell's area occupied by the nu-
cleus increased significantly compared to the control group
(Table 1). Conversely, the dynamics of the cytoplasmic area
showed a decreasing trend starting from the 10" day, and in
subsequent stages, the average cytoplasmic area of lympho-
cytes was significantly lower than in the control group. On
the 10" day, it decreased by 35%, on the 20" day by 50%,
on the 30" day by 30%, and on the 45" day by 25%. At the
60-day mark, it was still lower by 35% compared to the initial
value. This decrease in cytoplasmic area, as evidenced by a
comparison of nuclear-cytoplasmic ratios, occurred against a
background of increased nuclear proportion, with the overall
cell area remaining unchanged. The exception to this pat-
tern was on the 451 day, when a maximum value of total cell
surface area was recorded. This was due to a significant in-
crease in nuclear area, compared to both the control and ear-
lier study periods. Specifically, on the 10™, 20, and 30" days,
there were increases in 9, 18, and 7%, respectively. However,
on the 45" and 60" days, the increases were in 23 and 9%.

The particular interest was an analysis of parameters
that characterize the optical properties of cytoplasm and
nuclei (Table 2).

Table 1
Rat’s lymphocyte counts under the influence of copper-zinc pyrite ore, Me (Q1; Q3)
Indicators Control arou Experimental Experimental Experimental Experimental Experimental
group group 10 days group 20 days group 30 days group 45 days group 60 days
Number of lymphocytes 10,35 14,45 11,30 12,10 16,70 13,40
(x10° cells/l) (9,00;12,40) (10,75;17,90)* (10,40;14,10) (10,70;14,50) (9,70;18,70)* (10,10;16,40) *
The average area 64,00 63,00 62,00 62,00 72,00 61,00
of lymphocytes, um? (51,00;78,00) (50,00;75,00) (48,00;78,00) (50,00;77,00) (59,00;85,00) * 2 (53,00;73,00)
The average area 19,00 12,00 09,00 13,00 14,00 12,00
of the cytoplasm, um? (13,00;26,00) (8,00;18,00)* (4,00;17,00)* 2 (9,00;24,00)* = (9,00;24,00)* = (6,00;19,00)* =
Average core area, um? 43,00 47,00 51,00 46,00 53,00 47,00
(34,00;52,00) | (36,00;58,00) (39,00;64,00)* 2 | (37,00;54,00)* = | (43,00;65,00)* 2 | (41,00;57,00)*
The nuclear-cytoplasmic 2,12 3,53 5,11 2,99 3,64 3,71
relationship, (1,61;2,85) (2,26;5,43)* (2,81;10,32)2 | (1,80;4,32) *A = (2,07;6,26) * = (2,19;7,79) *=*
conventional units

Note: * — statistically significant difference in the indicator of the experimental group in relation to the value of the control group of rats (p <0.05); 2— to the value of the
10-day experimental group of rats (p <0.05);* — to the value of the 20-day experimental group of rats (p <0.05); ®*— to the value of the 30-day experimental group of rats

(p <0.05); & — to the value of the 45-day experimental group of rats (p <0.05).
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The informative value of studying optical properties lies
in the fact that they reflect the peculiarities of the course
of metabolism in the studied cells in normal and pathologi-
cal processes. The revealed decrease of the optical density
of the cytoplasm during the experiment compared with the
control was indicate a decrease in viscosity of the cytoplas-
mic matrix (Table 2). At the same time, a direct correlation
was established between total optical density and area of
cytoplasm (r=0,57 in control, r=0,56 on 10" day, r=0,52 on
20" day, r=0,69 on 30" day, r=0,59 on 45" day, r=0,77 on
60" day). The value of the refractive index directly depends
on the functional state of intracellular structures, it can be
assumed that the decrease in area and optical density of
cytoplasm observed during experiment compared to control
was due to decrease in its functional activity under influ-
ence of ore [8]. On the 10" day, decrease in cytoplasmic
area was 35% and specific total optical density decreased
in 27.5%. On the 20™, 30" and 45" days, decrease was 50,
30 and 25%, respectively. On 60" day it was 35%.

Increase in nucleus size was combined with decrease
in optical density in all spectral ranges during all periods of
experiment (Table 2).

DISCUSSION

The study showed that intoxication of rats caused by
exposure to copper-zinc pyrite ore was accompanied by
an increase in the number of lymphocytes and changes in
their morphometric and optical parameters. In the control
group, the main proportion of circulating cells consisted of
small and medium-sized lymphocytes, which corresponded

to information from literature sources [9]. On days 30" and
45M of the experiment, the population of lymphocyte was
redistributed with an increase in proportion of larger cells
combined on the 45" day with an increase in their number
and nucleus size. This allowed us to assume that lympho-
cytes entering circulation were replenished with cells with
enlarged nuclei. According to Davydkin I.L. and Semen-
kov V.F., replenishment of population with larger cells could
be due to immature thymocytes and natural killer cells [9,
10]. Intrapopulation rearrangement of lymphocytes and
the appearance of groups of cells with different areas may
indicate the development of an immune response to the
effects of toxic substances in ore [1]. The study of intracel-
lular components has made it possible to clarify information
about the nature of these processes. Dynamic and objec-
tive indicators of cell state are size and optical density of
nucleus [11]. It is known that size and shape of nucleus are
determined not by amount of DNA but by modification of
chromatin [11], and increase in area of nucleus is due to
conversion of heterochromatin to euchromatin [12]. There-
fore, increase in nuclear area and change in optical proper-
ties throughout study period can be considered as reflec-
tion of change in chromatin density due to transformation
of inactive heterochromatin into active euchromatin. At the
same time, the maximum activity of the nucleus occurred
on the 45" day, manifested in the minimum optical density
in the largest size of the nucleus and the cell as a whole.
Along with an increase in the size of the nucleus, a de-
crease in the optical density and area of the cytoplasm oc-
curred under the action of the copper-zinc pyrite ore. At the
same time, a positive correlation between these indicators

Table 2
Optical parameters of rat’s lymphocytes under the influence of copper-zinc pyrite ore, Me (Q1; Q3)
Indicators Control Experimental Experimental Experimental Experimental Experimental
group group 10 days | group 20 days group 30 days group 45 days group 60 days
Integral optical density 0,38 0,17 0,12 0,30 0,22 0,16
of the cytoplasm, (0,26;0,50) (0,12;0,28)* (0,05;0,20)* 2 (0,16;0,48)* 4= | (0,12;0,36)*=* | (0,07;0,25)* *4
conventional units
The specific total 1,19 0,86* 0,81* (0,64;1,02) 1,06* 2 = 1,03* 4= 0,77% LA
optical density of the cytoplasm, (0,96;1,47) (0,74;1,01) (0,81;1,62) (0,79;1.29) (0,61;0,97)
conventional units
Specific optical density 1,27 0,91* 0,73*2 1,040 = 0,70%2 ¢ 0,73% A
of the core according to the red (1,08;1,51) (0,76;1,14) (0,59;0,94) (0,82;1,28) (0,62;0,83) (0,58;0,83)
component, conventional units
Specific optical density of the 1,73 0,81* 0,58* 4 1,33*A = 0,55% 4 0,70¥Am A
core according to the green (1,33;2,09) (0,68; 0,99) (0,49;0,75) (0,93;1,89) (0,47;0,66) (0,57;0,85)
component, conventional units
Specific optical density of the core 0,46 0,15* 0,10%2 0,37*Am 0,09%2 ¢ 0,14* =4
according to the blue component, | (0,32;0,60) (0,12;0,20) (0,07;0,14) (0,17;0,57) (0,06;0,13) (0,11;0,18)
conventional units

Note: notation as in Table 1.
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was revealed. Considering that the value of the refractive
index directly depends on the concentration of chemical
components of the intracellular substance and the state of
cellular organoids, it can be assumed that the functional
state of cytoplasmic structures and metabolic processes
decreases during ore intoxication.

CONCLUSIONS

Based on the assumption that morphometric parameters
objectively reflect the functional state of lymphocytes, we can
discuss the restructuring of the cellular components of the
immune system under the influence of copper-zinc pyrite ore.
Upon activation of a cell, the structural organization of chro-
matin undergoes conformational changes, resulting in chan-
ges to its optical properties [13, 14]. As a result, the experi-
mentally observed increase in nuclear size, combined with
a decrease in optical density, may indicate changes in the
degree of chromatin condensation due to copper-zinc pyrite
ore, and, consequently, an increase in DNA activity [11, 13].

The observed changes in the size and optical charac-
teristics of the nucleus are accompanied by a decrease in
metabolic activity in the cytoplasm. As a result, structural
and functional alterations in the lymphocyte population,
aimed at the body’s adaptation to the effects of copper-
zinc pyrite ore, impact the nuclear apparatus but do not
occur at the level of cytoplasmic processes.
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AONONMHUTENBbHAA NHOOPMALINA
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Abstract. Introduction. The use of platelet-rich plasma is a promising method for treating burn patients. Today,
there are many publications devoted to autodermoplasty in combination with the patient’s blood plasma for deep skin
burns, but less attention has been paid to the problem of borderline lesions. Objective of the study — to evaluate
the improvement in the treatment efficacy of burn victims with borderline burns using platelet-rich plasma. Materials
and methods. The work demonstrates the results of treatment of 40 patients with borderline skin burns, aged from
18 to 59 years, hospitalized at the State Budgetary Institution of St. Petersburg Research Institute of Emergency
Medicine named after. I.I. Janelidze in the period from 2021 to 2023. The criterion for inclusion in the study was the
area of a second degree burn wound according to ICD 10, with a total area of up to 15% of the body surface. The
results of treatment with platelet-rich plasma were assessed on 2% of the area, which averaged 327.6+15.2 cm?.
During the work, clinical, planimetric, cytological and histological research methods were used. Results. Our
proposed method of a single injection of platelet-rich plasma into the area of a border burn wound made it possible
to accelerate the time for the onset of epithelization by 19.2% (p <0.05), the time for final healing of the wound by
25.1% (p <0.05), and also reduce the incidence of infectious complications by 15% (p <0.05). The obtained clinical
and planimetric data were confirmed by cytological and histological studies. In fingerprint smears, by the twelfth
day of observation, the number of neutrophils decreased by 33.7% (p <0.05) and the number of fibroblasts and
macrophages increased by 41.4% (p <0.05) and 29.3% (p <0.05) respectively. During the histological study, it was
noted that the patients in the study group had less pronounced leukocyte infiltration, swelling of the dermis, and a
more clearly formed collagen framework. Conclusion. The use of platelet-rich plasma makes it possible to achieve
earlier relief of the inflammatory reaction and ensure an earlier transition to the regenerative phase of the wound
process in the area of a border burn wound.

Keywords: burns, borderline burns, blood plasma, platelet-rich plasma, inflammation, regeneration
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Pe3slome. BeedeHue. VcnonbaoBaHue oboralleHHoi TpoMBoLMTamMmu nnasmbl SBNSETCS NEPCNEKTUBHBIM METOAOM
neyeHns 060xkeHHbIX. Ha CEroaHSALWHNIA AeHb CyLLecTByeT MHOXECTBO Ny6nuKaLmi, NOCBSLLEHHbIX BbINOMHEHWIO
ayTo4epMOonnacTuKn B COYETaHUM C NNa3mMon KpOBW NaLlmeHTa npu rnyBoKkux oxorax Koxu, OAHaKoO MEHbLUE BHUMa-
HWS yaeneHo npobneme norpaHnyHbIX nopaxeHni. Ljenb ucciedoeanus — OLEHUTb NOBbIeHNEe 3hDEKTUBHOCTH
neyeHns 060XKeHHbIX C NOrPaHUYHbIMU OXXOramMu ¢ UCMONb30BaHMeM nNna3mbl, oboraweHHo TpomboLnTamu.
Mamepuanbi u MemoOdsl. B paboTe NnpoaeMoHCTPpUpoBaHbl pe3ynbTathl nevenns 40 nauneHToB B BO3pacTe OT
18 0o 59 neT ¢ morpaHNYHbLIMK OXOramu KOXM, rocnuTanuanpoBanHbix B F'bY CI6 HAW CIM um. NN, QxaHenuase
B nepuoa ¢ 2021 no 2023 rr. Kputepmem BKNOYEHUS B NccreoBaHue Obino onpeaeneHne niowaan 0Xxoroson
paHbl Il ctenenn no MKB-10 obwen nnowaabto o 15% noBepxHocTu Tena. Pe3ynbTaTbl neYeHns nnasmoun,
oboralyeHHoN TpoMBoLnUTaMK, OLeHNBanM Ha 2% nnowjaaun, YTo B cpefHeM cocTasnano 327,6+15,2 cm?. B xope
BbINOMHEHNS paboTbl 6bIIM MCNONb30BaHbI KMUHUYECKWIA, NIAHUMETPUYECKUIA, LUTONOTMYECKUIA U TMCTONOTU-
4eCKuin MeToabl uccnenoBaHus. Pesynbmamal. [IpeanoxeHHbIn Hamn cnocob 0g4HOKPATHOrO MHBEKLMOHHOTO
BBeeHus oboralieHHon TpomboumTamn nnasmbl B 0611acTb NOrpaHUYHOM 0XOroBOW paHbl NO3BOUI YCKOPUTD
CpokM Havana anutenusauumn Ha 19,2% (p <0,05), cpokn okoHYaTENBLHOrO NPYXMBREHUS paHbl Ha 25,1% (p <0,05),
a TaKXe CHU3WTb YacTOTYy Pa3BUTUS MHGEKLMOHHBIX 0CNOXHEHN Ha 15% (p <0,05). MonyyeHHble KNMHUYECKue
W NraHUMETPUYECKNE AaHHble ObiNuM NOATBEPKAEHbI LUTONOTMYECKUM U TUCTONOTMYECKUM UCCNeA0BaHNSAMMN.
B maskax-otneyatkax K 12-m cyTkam HabnoLeHUs CHU3UNOCh Yncno HeilTpodunos Ha 33,7% (p <0,05) u yBe-
nuunnock yncno pubpobnactos n makpodaros Ha 41,4% (p <0,05) n 29,3% (p <0,05) cooTBeTCTBEHHO. B xoae
NPOBEAEHNS TMCTONOTNYECKOro nccnefoBaHmns 66110 OTMEYEHO, YTO Y NALKUEHTOB Uccnedyemoit rpynnbl 6bina
MeHee BblpaxeHa nenkoyuTapHas UHPUNbTpaLus, oTek AepMbl 1 6onee 0T4eTNIMBO CPOPMUPOBAH KONNareHoBbIN
kapkac. 3akmro4eHue. icnonb3oBaHue oboralleHHon TpoMboLuTamm Nnasmbl NO3BONSET AOCTUTHYTL Gonee
paHHEero KynupoBaHUs BOCManuTeNbHOM peakuu n COKpaTUTb ANNTENBHOCTL NEPEXoaa K pereHepaTopHoil ase
paHeBoro npouecca B 06nacTi NOrpaHNyHON OXXOrOBOW paHbl.

KnioueBble cnoBa: 0Xoru, norpaHu4HbIE OXOTW, Nasma kpoBy, oboraleHHas TpoMboLuTamm nnasma, BocnaneHue,
pereHepauus

INTRODUCTION

Human blood has been used for therapeutic purposes
for more than a hundred years. In 1898, Swedish physi-
cians Grafstrom and Elfstrom injected autologous blood in
a salt solution to treat pneumonia and tuberculosis for the
first time [5]. Subsequently, blood and its components were
repeatedly used in the treatment of patients with acute and
chronic diseases [4].

Among all variants of blood products use, plasma is of
special importance in the context of wound defects treat-

ment, which is its liquid part containing form elements and
tissue factors [6]. If we consider plasma therapy from the
position of regenerative medicine, the most effective op-
tion is the use of platelet-rich plasma (PRP). In 2003,
R.R. Akhmerov and R.F. Zarudiy developed a technique for
obtaining platelet-rich plasma. Zarudiy developed a tech-
nique for obtaining this biological medication [3]. Subse-
quently, the technique became widespread and was actively
used in clinical practice.

The main regenerative components contained in
PRP include: transforming growth factor beta (TGF-B),
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platelet-derived epidermal growth factor (PDEGF), vascular
endothelial growth factor (VEGF), insulin-like growth fac-
tor 1 (IGF-1), fibroblast growth factor (FGF), and epidermal
growth factor (EGF) [3]. Such an optimal composition of bio-
logical compounds forms favorable conditions for organ and
tissue regeneration.

The use of PRP deserves special attention in burn pa-
tients. According to studies conducted under the guidance
of V.G. Bogdan et al., PRP in combination with autodermo-
plasty increases the area of complete engraftment of the
transplanted skin graft by more than 13% [1]. A team of
authors from the I.I. Janelidze Research Institute of Emer-
gency Medicine obtained similar data. They proved that the
rate of regeneration significantly increases when PRP is
combined with the transplantation of a perforated skin auto-
derm graft [2].

Notwithstanding a substantial number of scientific
papers devoted to the treatment of deep burns by auto-
dermoplasty combined with PRP, the problem of stimu-
lation of borderline burn recovery has remained unre-
solved.

AIM

To evaluate the effectiveness of treatment in patients
with borderline skin burns using PRP injections into the af-
fected derma.

MATERIALS AND METHODS

The work is based on the analysis of treatment re-
sults in 40 patients with borderline skin burns, aged from
18 to 59 years, hospitalized at the I.I. Janelidze St. Pe-
tersburg Research Institute of Emergency Medicine in
the period 2021-2023. The following parameters were
chosen as inclusion criteria: age from 18 to 59 years,
total area of borderline skin burns up to 15%. Exclusion
criteria were also determined: patient’s refusal to use
platelet-rich autoplasma, oncological diseases detected
in the last 5 years, pregnancy or breastfeeding, patient’s
intake of immunosuppressive drugs, confirmed carriage
of HIV, syphilis, hepatitis B or C. Burned patients were
divided into two groups. The first (control) group con-
sisted of patients whose borderline burns were treated
in accordance with the methods generally accepted in
combustiology (ointment dressings with Levomekol
water-soluble ointment and atraumatic wound coverings
Activtex (Altex LLC, Russia)).The experimental group
consisted of patients who received single injection of
PRP in the amount of 2.8 ml for 1% of the border burn
area on 5.911.2 days of standard conservative treat-

ment. The mean age of patients in the control group
was 35,3+11,08 years, the area of burn wounds was
5,91£2,8%. The mean age of patients in the experimental
group was 39.8+9.55 years, the burn wound area in the
group was 6.35£2.78%.

The research was approved by the local ethical com-
mittee of the I.I. Dzhanelidze St. Petersburg Research
Institute of Emergency Medicine, protocol No. 1-8 of
10.10.2020. All patients signed an additional voluntary
informed consent for treatment with PRP.

Effectiveness of the treatment was evaluated on
burn areas covering about 2% of the body area, i.e.
327.6+15.2 cm? on average. Clinical (daily examination,
photofixation, control of the nature of detachment, epi-
thelialization and graft healing) and planimetric methods
were used in the research. The latter was performed
according to the original method (patent of the Russian
Federation No. 2798225 dated 03.08.2022). The depth
of a burn wound was estimated by checking a vascu-
lar reaction and pain sensitivity. Features of reparative
processes were profoundly analyzed by cytological and
morphological methods. A cytological method was used
to take swabs from the surface of burn wounds before
treatment, as well as on the 3 and 12" day. Skin bio-
psies were taken on the 3 day after a single injection of
PRP into the area of a border burn wound.

PRP was produced according to the following proce-
dure (Fig. 1). At first, 1 ml of sodium citrate is drawn
into a 10 ml syringe (Fig. 1, a), then 10 ml of the pa-
tient's whole venous blood is drawn into the same sy-
ringe (Fig. 1, b). The syringe is stirred by progressive
movements and then transferred to a special tube
(Fig. 1, ¢), which is centrifuged for 10 minutes at a speed
of 2600 spins per minute. 4 layers are formed after this
manipulation (Fig. 1, d): @ — platelet-poor plasma; b —
platelet-rich plasma; ¢ — leucocyte film; d — erythrocyte
suspension. Platelet-poor plasma was removed and was
not used in present research. We transferred platelet-
rich plasma (Fig. 1, e) and leukocyte film into a regular
syringe for easier use (Fig. 1, f).

On average, we obtained 2.3+0.2 ml of PRP out of
10 ml of whole venous blood. To determine the number
of platelets in the final product, Sysmex KX-21N hema-
tological analyzer (Japan) was used. Their average con-
centration was 1.043+41.7x106 cells/pl.

Statistical data were analyzed by STATISTICA 12.6
for Windows, as well as MS Excel. The nonparametric
Mann-Whitney test was applied to compare quantitative
indices in the studied groups, and Pearson’s x? test was
used to compare frequency indices. An alternative hy-
pothesis was accepted at p <0.05.
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Fig. 1.
Puc. 1.

Stages of obtaining platelet-rich autoplasma (explanations in the text)
JTanbl nonyyeHus ayTonsia3mbl, 06oraleHHo TpoMOGoLMTaMu (MOSICHEHNSA B TEKCTe)

Table 1

Features of the phases of the wound process taking into account a single injection of autoplasma enriched with platelets

Tabnuuya 1

OcoBeHHOCTH (ha3 paHeBOro NpoLecca ¢ y4eToM OAHOKPATHOIO MHBEKLUMOHHOIO BBeEeHUs ayTonnasmbl,
oboralieHHo TpomboLuTamMu

CpepnHas npogomkutensHoCTb nepuoaa (M+m), cytku / Average duration of the period (M+m), days

Mpynna HabnioneHns / ; Havana anutenuaauum /
Observation group COCYAMCTON peakumn / OYMLLEHNS paHbl / beginning of OKOHYaTembHOro 3aXuBreHus /
vascular reaction wound cleansing epithelialization final healing
KoHTponbHas / Control 4,9+0,7 6,2+1,1 7,818 24,3+1,2
Vcenenyemas / Under study 4,7+0,4 5,9+1,2 6,3+1,4* 18,2+1,1*

Note: Mann-Whitney U test: * p <0.05 compared to the control group.

Mpumeyarue: kputepuit U ManHa-YutHu: * p <0,05 no cpaBHEHWO C KOHTPOMBHOI TPYNMOiA.

RESULTS AND DISCUSSION

At stage 1 the duration of wound healing phases was
assessed according to M.I. Kuzin (Table 1).

According to the results presented in Table 1, there
were no significant differences in the timing and duration
of a vascular reaction and wound cleansing, since PRP
injection was carried out only after a wound had been
cleaned.However, it was ascertained that the time of epi-

thelialization initiation in the experimental group reduced
by 19.2% (p < 0.05). At the same time, final healing
time of a border burn wound also decreased by 25.1%
(p <0.05).

Frequency of infectious complications was assessed
next. The results presented in Figure 2 show that a single
injection of platelet-rich autoplasma into the area of a bor-
der burn wound reduced the incidence of infectious compli-
cations by 15% (p <0.05).
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YacrtoTa ocnoxHeHui /
Frequency of complications, %

30
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25 >
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5
0
KoHTponbHas rpynna / Wccnenyemas rpynna /
Control group Study group
Fig. 2.  Frequency of wound infection in borderline burns taking
into account the introduction of platelet-rich autoplasma
Puc. 2. Yactota paHeBOW MH(eKLMM NpU NOrpaHUYHbLIX OXKOrax

C y4YeTOM BBefeHMs ayTonnasmbl, 0GoraleHHoi TpoMGo-
umTamm

Planimetric evaluation of a healing rate was one of the
most important indicators in our work (Fig. 3).

The obtained data are presented in Figure 3. It allows
us to conclude that a single injection of platelet-enriched
autoplasma starting from the 5" day after the injection
significantly accelerates epithelization of a border burn
wound. Thus, by the 15" day it allows to reduce a wound

Mnowaab paHbl, cm? /
Wound of area, cm?

area by 3.7 times (p <0.05) in comparison with the con-
trols.

A cytological research of smears-prints before treat-
ment, on the 3rd and 12th day after the beginning of treat-
ment was carried out to confirm the obtained clinical data.
Comparative data presented in Table 2 allow us to con-
clude that a single injection of platelet-enriched autoplasm
on 5.9+1.2 days after the burn allows to reduce the number
of neutrophils by 18.8% by the 3rd day after the injection
as well as to lower the content of neutrophil cells by 33.7%
(p <0.05) by the 12th day after the injection in comparison
with the control group.

In addition, a reliable increase in the number of fibro-
blasts by the 12" day by 41.4% (p <0.05) was observed
(p <0.05). The number of macrophages also showed a
29.3% growth (p <0.05). When analyzing the percentage of
lymphocytes, no significant dynamics and differences were
found.

In order to confirm clinical, planimetric and cytological
data, it was decided to perform histological examination
of skin biopsy samples in both groups on the 3 day af-
ter treatment (9" day from the moment of injury). When
examining skin biopsy specimens with hematoxylin-eosin
staining it is possible to conclude that neutrophilic and
leukocytic infiltration and dermal edema were more pro-
nounced in controls (Fig. 4).

To objectify a regenerative component of derma, Picro-
Mallory staining was performed (Fig. 5).

B KonTtponbHasa rpynna / Gontrol group
O Wccneayemas rpynna / Study group

450 1
1 3392
40 T331,4- " 315.2
350 {_ 2981 286,5
*

300 - 242,6 2343

250 4 ﬂ} 184,5* 196,2

200 1 110.9% 143,7

150 - > 106,6 842

100 OB magae |

> 22,8*
50 4 A-I rL
0
[lo neyeHus / 3 5 7 9 11 13 15
Before treatment
Fig. 3.  Planimetric assessment of the healing dynamics of borderline burn wounds taking into account the introduction of autologous
plasma enriched with platelets

Puc. 3. TnaHumeTpuyeckas oLeHKka AMHAMMKMN 3aXUBIIEHUS IOrPAHUYHbIX 0XXOrOBbIX PaH ¢ y4eTOM BBeJieH!sl ayTonnasmbl, o6oraieHHo

TpomooumTamm
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Table 2
Cytological picture of borderline burns taking into account the introduction of autoplasma enriched with platelets
Tabnuya 2
LinTonornyeckas kapTuHa norpaHNM4HbLIX OXXOrOB C Y4YETOM BBEAEHMS ayTonsa3Mbl, 000raweHHon TpombouuTamm
Copepxatune (Mtm) B Ma3ke-oTneyaTke, B cpok (cyTku)/% / Content (M+m) in smear-print, within a period (day)/%
AHanusupyemble KoHTpONbHas rpynna / control group uccnenyemas rpynna / study group
napameTpbl /
Analyzed parameters [0 Hayana nevenus / 3 12-6 [0 Hayana nevenus / 3 12-e
before treatment before treatment
Hewtpodunsl / 67,2+4,4 39,2435 18,7£1,3 69,4452 31,8+4,6 12,441,3*
Neutrophils
dubpobnactsl / 2,240,5 2,941,2 22,4419 2,310,6 3,711 31,1£2,2*
Fibroblasts
Makpodpary / 12,3£2,1 13,8+1,4 20,3+1,9 13,5¢2,7 15,3+1,2 28,7+2,1*
Macrophages
Numdpoyuts / 2,9+1,1 2,5+0,7 2,3+1,2 3,1+1,1 2,9+1,3 2,6+1,3
Lymphocytes

Note: Mann-Whitney U test: * p <0.05 compared to the control group.

Mpumeyarue: kputepuit U Manra-YutHu: * p <0,05 no cpaBHEHMO C KOHTPOMbHON rPYMMoM.

Patients’ skin on the 10* day after receiving a burn: a — without the introduction of autoplasma enriched with platelets; b —
against the background of the injection of autoplasma enriched with platelets. Hematoxylin-eosin staining, x100

Koxa nauueHToB Ha 10-e cyTku nocrne nonyyeHusi oxora: a — 6e3 BBefeHUs ayTonnasmbl, o6oraleHHoli TpomboumTamu; 6 — Ha

¢poHe MHBEKUMOHHOTO BBEAEHMSA ayTONNa3Mbl, oboraieHHo TpomeoumTamu. Okpacka reMaToKCUIIMHOM—303MHOM, X100

Skin biopsy specimens in the comparison group had a
poorly developed collagen frame and no fibrin, which indi-
cates less intensive reparative processes.

CONCLUSION

1. A single injection of PRP in combination with conserva-
tive treatment of borderline skin burns allowed to accelerate

terms of epithelialization on 19,2% (p <0,05), final wound
healing on 25,1% (p <0,05), as well as to reduce the frequen-
cy of infectious complications on 15% (p <0,05).

2. The results of cytological and histological examina-
tions confirm the clinical data indicating a decrease in the
severity of inflammatory processes, as well as stimulation of
regeneration in a border burn zone against the background
of PRP administration. By the 12th day of observation, the
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Patients’ skin on the 9 day after injury: a — without the introduction of platelet-rich autoplasma; b — against the background of

the injection of platelet-rich autoplasma. Picro—Mallory staining, x100

Koxa nauueHTOB Ha 9-e CyTKM nocne NonyveHusi TpaBMbl: a — 6e3 BBeAeHMs ayTonnasMbl, o6oraleHHoi TpombouuTamm; 6 — Ha

¢oHe MHBEKLUMOHHOrO BBEAEHMSA ayTonna3mMbl, oboraweHHoi Tpomooumutamu. Okpacka NMukpo-Mannopwu, x100

number of neutrophils decreased by 33.7% (p < 0.05) and the
number of fibroblasts and macrophages increased by 41.4%
(p <0.05) and 29.3% (p <0.05) respectively.

3. Asingle injection of PRP allows to stop an inflammatory
reaction in the area of borderline burn wounds and accele-
rate a regenerative phase of a wound process, which, in turn,
reduces the time of final skin recovery.
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AONONMHUTENBHAA UHOOPMALINA

Bknag aBTOpOB. Bce aBTOpbI BHECNM CYLLECTBEHHbIIA
BKNaf B pa3paboTky KOHLENnuuW, NpoBeaeHue 1ccneaosa-

HWS 1 MOArOTOBKY CTaTbM, PO M 0f00PUNM UHANBHYIO
Bepcuto nepep nybnukauuen.

KoHnukt mHTepecoB. ABTOpPbI AEKNapupytT OTCyT-
CTBME SIBHbIX W NMOTEHUMANbHbIX KOH(IIMKTOB MHTEPECOB,
CBSI3aHHbIX C NybnukaLyeit HacTosLWen cTaTby.

WUcTouHMK ¢hmHaHCMpoBaHUA. ABTOpbI 3asBRsSOT 00
OTCYTCTBWWN BHELLHErO0 (DUHAHCUPOBAHWS MPU NPOBELEHWM
“ccnegoBaHus.

WUHdopmupoBaHHoe cornacue Ha nyonukaumio. As-
TOPbI NOMYYMAN NUCbMEHHOE COrnacye NauMeHTOB Ha ny-
BrmKkaumio MeANLIMHCKNX JaHHbIX.
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Abstract. Introduction. Many patients who have had COVID-19 report taste disorders that occur during the height of
the disease, and sometimes persist for a certain time after recovery. Therefore, the study of taste sensitivity indicators
in older people who have suffered a new coronavirus infection COVID-19 seems relevant for understanding the
pathophysiological processes occurring in the human body. Purpose of the study: was to study the characteristics
of the taste sensitivity of the tongue in elderly people who have suffered a new coronavirus infection COVID-19,
based on a study of the thresholds of taste sensitivity of the tongue and electrogustometry. Materials and methods.
The thresholds of taste sensitivity of the tongue, as well as indicators of electrogustometry of the tongue, were
studied in 89 elderly people, who were divided into 2 study groups. Group 1 included 37 patients without pronounced
psychosomatic pathology who did not suffer from the new coronavirus infection COVID-19. The 2nd main group of the
study included 52 patients who underwent COVID-19 6 to 9 months ago. The patients of the 2 groups were divided
into 2 subgroups, taking into account the presence or absence of complaints of impaired taste sensitivity during
the course of COVID-19 disease. The results of the study. It was found that people who had a new coronavirus
infection COVID-19, regardless of whether they had complaints of taste sensitivity disorders during the disease or
not, 6 to 9 months after the disease, they had no differences in electrogustometry indicators. In patients who did not
complain of taste disorders during the COVID-19 period, only an increase in the threshold of taste sensitivity of the
tongue to salty was noted in the post-ovoid period, while in patients who complained of taste disorders during the
COVID-19 disease, there was a significant increase in the thresholds of taste sensitivity of the tongue to all types
of stimuli, although such an indicator for gorky was within the reference values. Conclusion. The data obtained
indicate the peculiarities of the functioning of the taste analyzer in people who have suffered a new coronavirus
infection COVID-19, and also indicate that an increase in the thresholds of taste sensitivity of the tongue in elderly
patients may hinder the formation of a feeling of satiety and contribute to maintaining the desire to eat during the
day, leading to difficulties with the regulation of diet therapy, an important component of the complex treatment of
various psychosomatic pathologies.

Keywords: elderly people, new coronavirus infection, COVID-19, consequences of a new coronavirus infection, oral
cavity, tongue, taste sensitivity, electrogustometry, threshold of taste sensitivity of the tongue
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PE3IOME. BeedeHue. MHorue naumeHTsl, nepeboneswmne COVID-19, oTMeyaloT HapyLweHus BKyca, KOTOpble Ha-
BriogatoTcs B nepuog pasrapa 3abonesaHus, a MHOrAa COXpaHATCS onpeAeneHHoe BpeMs nocne Bbl3LOPOBIEHNS.
VIMEHHO NO3TOMY M3yYeHMe NoKasaTeriei BKYCOBOW YyBCTBUTENBHOCTM Y NIOLEN CTApLLIMX BO3PACTHbIX rpynn, nepe-
HecLX HOBYIO KOpOHaBupycHyto nHdekumio COVID-19, npeacTaBnseTcs akTyasnbHbIM 4115 NOHUMaHWS naTtogusno-
NOrNYeCKNX NPOLLECCOB, NPOUCXOAALLMX B OpraHn3me yenoseka. Liesb uccnedosaHusi — U3yunTb xapakTepucTuky
BKYCOBOW YyBCTBUTENBHOCTM S3bIKa Y NOXWITbIX JTIOAEN, NEPEHECLUMX HOBYHO KOPOHABUPYCHYH nHdekumo COVID-19,
Ha OCHOBaHWW UCCIEA0BaHNS NOPOrOB BKYCOBOM YyBCTBUTENbHOCTYU A3bIKa U anekTporyctometpun. Mamepuansi
u MemoOsl. 13y4eHbl NOpOru BKYCOBOW YyBCTBUTENBHOCTY A3blKa, @ TaKXe nokasaTenu anekTporycToMeTpum a3blka
y 89 nogei noXunoro Bo3pacTa, KoTopble Obinn pa3faeneHbl Ha ABe rpynnbl UCCNeAoBaHus. B 1-10 rpynny Bownu
37 naumneHToB 6€3 BbIpaXeHHON NCUXOCOMATNYECKOI NaTonoruK, KoTopble He 6onen HOBOM KOPOHABUPYCHOW WH-
tekynen COVID-19. Bo 2-t0, 0OCHOBHYt0, rpynny uccrefoBaHns Bownn 52 nayueHTa, kotopsle 6-9 mecsueB Hasag
nepeHecnu COVID-19. MauneHTOB 2-# rpynnbl pa3genunn Ha ABe NOArpynnbl ¢ Y4€TOM Hanu4us Uam oTCyTCTBUS
*anob Ha HapyLueHUs BKYCOBOW YyBCTBUTENLHOCTM B xo4e 6onesHn COVID-19. Pe3ynbmambi uccnedogaHusl.
YCTaHOBMEHO, YTO Y Mtogei, NepeHecLUMX HOBYIO KOPOHaBUPYCHYH nHekumto COVID-19, HeaaBucMo OT TOro, MEnH
nn oHK B x0Ae B6onesHn xanobbl Ha HapyLIeHUs BKYCOBOW YyBCTBUTENBHOCTW UMK HET, CnycTa 6-9 mecsues nocne
©onesHn OTCYTCTBYIOT pa3nnuns B NokasaTensx anekTporyCToMeTpuun. Y nayneHToB, KOTOpble HE NPEABABNANM
*anobbl Ha HapyweHus Bkyca B nepuog COVID-19, B NOCTKOBMAHBIN NEPUOA OTMEYEHO TOMBKO NOBbILLEHWE Nopora
BKYCOBOI YyBCTBUTENBHOCTM Si3blka Ha CONIEHOE, B TO BPEMS KaK Y MaLMEHTOB, KOTOpble B nepnog 6onesHn COVID-19
Kanosanucb Ha HapyLleHNs BKyca, 0TMeyanocb JOCTOBEPHOE MOBbILIEHNE NMOPOroB BKYCOBOW YyBCTBUTENbHOCTY
A3blKka Ha BCe BUAbl pa3apaxuTenen, XoTs Takor nokasatenb Ha ropbkoe bbin B npeaenax peepeHCHbIX 3Ha4eHN.
3aknroyeHue. MonyyeHHble AaHHble YKasblBatOT HAa 0COBEHHOCTY PYHKLMOHNPOBAHUS BKYCOBOrO aHanu3sartopa y nto-
Jen, NepeHecLLnx HOBYIO KOpoHaBMpYCHYt0 NHgekumio COVID-19, a Takxe CBMAETENLCTBYIOT, YTO NOBLILLEHWE NOPOrOB
BKYCOBOW YYBCTBUTENBHOCTM A3blKa Y NOXMIbIX MALMEHTOB MOXET NPensTCTBOBaTb (POPMMUPOBAHMIO HYYBCTBA ChITOCTM U
B TEYeHMe CyTOK cnocobCTBOBATL COXPAHEHWIO KeflaH!s ynoTpebnsaTh Ny, NPUBOAS K CIIOKHOCTSAM C PErynupoBaH1em

aneToTepannu, BaXHOM COCTaBJ'IFI}OLIJ'eVI KOMMJIEKCHOIO fie4eHnd pa3n|/|qH0|7| MCUXOCOMaTNYECKON NaTomnorum.

KnioueBble crnoBa: 104M NOXMIOro BO3pacTa, HoBas KOpoHaBupycHas nHdekums, COVID-19, nocneactams HOBOM
KOPOHaBWPYCHOM MHAEKLMM, MONOCTb PTa, A3bIK, BKYCOBas YyBCTBUTENBHOCTb, ANEKTPOryCTOMETPHUS, MOPOT BKYCOBOM

YYBCTBUTENIbHOCTU A3blKa

INTRODUCTION 2]. In recent years, domestic and foreign literature has pro-

vided diverse scientific information that people who suffered

Currently, a new coronavirus infection (COVID-19) has from COVID-19, regardless of a virus strain, have problems

become an integral part of people’s life all over the world.  with organs and tissues of the masticatory apparatus, in-
COVID-19 emerged at the end of 2019, since then it has cluding the oral cavity [3, 4].
negatively affected the social life of society, as well as the Hyposalemia, inflammatory periodontal pathology, cheil-

health care system of almost all countries of the world [1, itis, stomatitis, candidiasis and hyperesthesia of teeth hard
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Fig. 1. Indicators of taste sensitivity thresholds of the tongue for sweet, salty, sour (a) and bitter (b), % of the threshold solution of the
irritant in the examined patients
Puc. 1. TokasaTenu noporoB BKyCOBOW YyBCTBUTENLHOCTY A3blKa Ha CnafKoe, ConeHoe, kucnoe (a) u ropbkoe (6), % NOporoBoro pacTeo-
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054 MATERIALS AND METHODS
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Fig. 2.  Electrogustometry indicators in the examined patients, ded into two study groups. The 1st, control group included
mel 37 patients without significant psychosomatic pathology
Puc.2. TokasaTenu 3anekTporycTomMeTpuu y o6cneaoBaHHbIX na-
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tissues are common in COVID-19 patients in the post-COVID
period [5, 6]. Many patients who have survived COVID-19
note taste disturbances that are observed during the onset
of the disease and sometimes persist for some time after
recovery [7, 8]. These changes are especially characteristic
in elderly and senile individuals [9]. That is why the study of
taste sensitivity indicators in elderly people who have un-
dergone a new COVID-19 coronavirus infection seems re-
levant for understanding the pathophysiological processes.

(12 men and 25 women aged 62 to 73 years), who had
no new COVID-19 coronavirus infection. The 2", experi-
mental group included 52 (16 men and 36 women aged
61 to 74 years) patients who had COVID-19 6 to 9 months
ago. Group 2 patients were divided into two subgroups.
Subgroup 2A consisted of 24 (5 males and 19 females)
patients who reported impaired gustatory sensitivity during
the course of the disease. Subgroup 2B consisted of 28
(11 males and 17 females) patients who did not have any
changes in gustatory sensitivity after COVID-19. Patients
of all groups did not suffer from endocrine pathology, did
not undergo chemotherapeutic and radiation treatment due
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to malignant neoplasms, as well as they did not suffer from
any other diseases in decompensation stage.

Conventional methods of research were used, namely,
thresholds of tongue gustatory sensitivity (TGS) for sweet,
salty, sour and bitter stimuli were determined [10], and
electrohustometry, i.e. determination of tongue sensitivity
to direct electric current, was evaluated [11].

After the clinical study was completed, statistical evalu-
ation of the obtained digital material was performed. The
studied parameters are presented in the form of sample
mean value and standard error of the mean value. Validity
of differences between the mean values of independent
samples was evaluated by means of parametric Student’s
criterion in case of normal distribution law and nonparamet-
ric Mann-Whitney criterion in case of deviation from normal
distribution of indicators. The level of significance (p) was
considered as achieved in all statistical analysis proce-
dures; the critical level of significance was set at 0.05.

RESULTS AND DISCUSSION

According to literature and our findings, it is known that
normally taste buds on the back of the tongue perceive
0.25-1.25% of sweet and salty solutions, 0.05-1.25% of
acidic solutions and 0.0001-0.003% of bitter solutions [12,
13], while electrogustometry values are 0.35+0.08 pA [14].
An increase in TTST and electrogustometry indices in-
creases with age, namely in elderly and old people, and the
presence of any psychosomatic diseases adversely affects
the above indices [15, 16]. This is especially evident in en-
docrine diseases, as well as after combined treatment of
oropharyngeal tumors, more precisely, after chemotherapy
and radiation therapy [17].

There were determined TTST rates in relatively healthy
elderly people, as well as people of similar age who had
a COVID-19 coronavirus infection and who did or did not
experience impaired taste sensitivity during the course of
the disease (Fig. 1).

Examination of TTST in patients of subgroup 2A re-
vealed that sweet, sour, and bitter indicies did not differ
from each other (p >0.05) and were similar to those deter-
mined in controls, while TTST for a salty taste was signifi-
cantly higher. Taste sensitivity thresholds of the tongue in
patients who had complaints of taste sensitivity disorders
during COVID-19 (subgroup B ) had a significant increase in
sweet, sour, and bitter taste sensitivity thresholds (p <0.05),
although the bitter taste sensitivity thresholds did not ex-
ceed the reference values for an adult and could be consi-
dered physiologic, i.e. normal [18].

The study of tongue electrohustometry parameters
showed that no significant differences were observed in all

groups of patients (Fig. 2), which may indicate the preserved
physiologic sensitivity of tongue receptors. The average va-
lues of this index in patients of all examined groups ranged
from 0.48 to 0.69 WA and amounted to 0.54+0.11 pA.

The study of TTST and electrogustometry parameters
confirmed the previously known facts that there is a slight
increase of TTST parameters for all types of stimuli in el-
derly people, while the bitter sensitivity parameters remain
within the reference values. It was reported that people who
had a new COVID-19 coronavirus infection, regardless of
whether they had complaints of taste sensitivity disorders
during the disease or not, had no differences in electrogus-
tometry indices 6-9 months after the disease. Those pa-
tients who did not complain about taste disturbances during
COVID-19 showed only an increased TTST for salty in the
post-CoVID-19 period, whereas patients who complained
about taste disturbances showed a significant increase in
TTST for all types of stimuli, with TTST for bitter being wi-
thin reference values.

CONCLUSION

Summarizing the above, it should be concluded that
elderly people who had a new COVID-19 coronavirus in-
fection and complained about impaired taste sensitivity
6-9 months after the disease had objective evidence of
increased TTST for all types of stimuli, with TTST for bitter
stimuli being within reference values. Elderly people who
had a new COVID-19 coronavirus infection and did not
complain about taste sensitivity disorders had elevated
TTST for salty stimuli. The obtained data allow us to cha-
racterize the peculiarities of the gustatory analyzer func-
tioning in people who have undergone COVID-19, as well
as to note that an increase in TTST may disturb a feeling
of satiety. This usually preserves the desire to eat during
the day, which may cause difficulties with diet regulation,
especially in the complex treatment of various psychoso-
matic pathologies.
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AOMNOJIHUTENIbHAA UHOOPMALINA

Bknag aBTopoB. Bce aBTOpbl BHECU CYLLECTBEHHDIN
BKnag B pa3paboTKy KOHLENuWW, npoBeAeHne uccneaosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0f06pUNM UHANBHYHO
Bepcuio nepeq nybnukayyen.

KoHdnukt mHTepecoB. ABTOpbI [eKNapupytT OTCyT-
CTBME SBHbIX U MOTEHUMArbHbIX KOH(IMKTOB UHTEPECOB,
CBSI3aHHbIX C NybnukaLyen HacTosLen cTaTby.

WUcTouHuK chmHaHCcMpoBaHUA. ABTOpbI 3asBRsOT 06
OTCYTCTBWW BHELIHEro (hMHaHCMPOBAHWUS NP MPOBEAEHUM
“ccnegoBaHus.

WUHhopmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MOMYYMNN NUCbMEHHOE COrnacKe NauMeHTOB Ha ny-
Brmkaumio MeAULIMHCKNX AaHHBbIX.
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Abstract. The article analyzes the effectiveness of the use of crystalloid and colloid solutions, antihypoxants, antioxidants,
and analgesics aimed at relieving the pathological processes of shock development in patients with extensive skin burns
against the background of prolonged compartment syndrome. We conducted an experimental study that included 360
adult white outbred rats of both sexes, weighing 220-240 g, divided into groups depending on the treatment method.
After modeling long-term compartment syndrome in animals, third-degree burns according to ICD-10 were reproduced,
with a total area of 5, 10, 15, 20, 25, 30% of the body surface. The results were assessed after the administration of
crystalloid and colloid solutions, as well as any substrate antihypoxants, both based on malic and fumaric acids —
reamberin, mafusol, or polyoxyfumarin. As a result of our data, the most optimal statistical group of animals in the
experiment was identified, with a skin burn area of 15% and the presence of long-term compression syndrome. During
the study, the optimal volume of antishock infusion therapy was determined, which exceeded the calculated volume of
infusions on the first day based on the Parkland scheme by almost 40% (p <0.01).

Keywords: infusion therapy, burns, long-term compartment syndrome, shock
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Pe3stome. B ctaTbe npoaHanuanpoBaHa 3 MEKTUBHOCTb NPUMEHEHNS KPUCTANMOUAHBIX U KOMSTOMAHbIX PacTBOPOB,
aHTUIMNOKCAHTOB, aHTUOKCMAAHTOB, @ TaKXe aHanbreT!koB, HanpaBfEHHbIX Ha KYyNUPOBaHWE NaToNorMYyeckux npo-
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LLeCCOB Pa3BMUTMA LUOKA Y NALMEHTOB, UMEKLLMX OBLIMPHBIE OXOTU KOXU Ha POHE CUHAPOMA ANNTENbHOrO chaBne-
Husi. Hamun Gbino npoBeAeHO 3KCNepuMeHTanbHoe UCCNeoBaHue, B kOTopoe Obino BkntoyeHo 360 B3pocnbIx Oenbix
BecnopoaHbix kpbic 060ero nona maccoit 220-240 r, pacnpeAeneHHbIX Ha rpynnbl B 3aBUCUMOCTW OT METOAMKM
nevenus. Mocne MoaennpoOBaHNst CUHAPOMA ANUTENbHOTO CAABIEHNS Y XKMBOTHbIX OblNi BOCNPOU3BEAEHBI OXOTH
[l cTeneHn, obwen nnowaasko 5, 10, 15, 20, 25, 30% noeepxHocTW Tena. PesynbTaThl OLEHWBANNCH NOCIe BBEAE-
HUS KPUCTANIOMAHBIX W KONMOUAHLIX PACTBOPOB, @ Takxe NoObIX Cy6CTPaTHBIX aHTUTMMOKCAHTOB, Kak Ha OCHOBE
S6M0YHON, TaK M PyMapoBoi kUCNoT — peambepuHa, Madycona unu nonnokcudgymapura. MonyyeHHole faHHbIe
NO3BONUNY BbIAENNUTL Hanbomnee oNTUMarnbHY CTAaTUCTUYECKYHO TPYNMY KMBOTHBIX B 9KCNEPUMEHTE, C NNoLlaabto
oxora koxu 15% 1 Hanuynem cMHApOMa ANUTENBHOrO caaBneHus. B xone uccnenoBaHus 6bino NpoBEAEHO onpe-
JeneHne onTMManbHoro o6bema NpoBOAMMON NMPOTMBOLLOKOBO MHAY3NOHHOI Tepaniu, NPeBbILLALLEN PAaCYETHBbIA
06bem WHy3nit B nepsble CyTKW, Uexoas 13 cxembl Mapknanaa, noutu Ha 40% (p <0,01).

KntoueBble cnoBa: MH¢)y3I/IOHHa$I Tepanu4d, oXXoru, CUHOPOM ANUTENbHOIO CAaBneHNs, LWOK

INTRODUCTION

Long-term compartment syndrome or crush syndrome
(CS) is a complex of pathological reactions that occur as a
result of prolonged mechanical compression of soft tissues.
A distinctive feature of this type of injury is the severity of
clinical manifestations and high mortality [2]. A specific dif-
ference in pathogenesis is the manifestation of endogenous
intoxication with products of irreversible soft tissue ischemia
or the consequences of reperfusion with components of
their breakdown [3]. In recent years, special attention of re-
searchers and clinicians has been attracted by victims with
extensive burns against the background of CS [1]. There
are algorithms for providing specialized medical care for
each of the shock conditions, but no treatment regimens in
case of their combination [4]. This determines the relevance
of research in this area.

AIM

The aim of the study is to conduct an experimental ana-
lysis of the results of shock treatment using crystalloids, col-
loids, metabolic agents and analgesics in the acute phase
of extensive burns against the background of CS.

MATERIALS AND METHODS

The experiment involved 360 white outbred adult rats
of both sexes weighing 240-250 g. CS in the experimental
animals was reproduced under anesthesia by compressing
soft tissues of the right or left thigh for 4 hours using spe-
cial metal vices. The area of compressive surface exerted
a pressure force of 8-10 kg/cm?, which corresponded to
5 cm?. After modeling ischemia, deep third-degree burns
were reproduced with an area of 5, 10, 15, 20, 25, 30% of
the body surface. Skin burns were performed using the fol-

lowing method: in the back, using a KDB-22 light lamp with a
power of 500 W, skin was heated to 85-90 °C. Thermometry
was carried out using a thermocouple sensor of Electroline
multimeter (China). The exposure did not exceed 20 s.

After reproduction of combined injury, intra-abdominal
administration of crystalloid or colloid solutions with meta-
bolic correctors of antihypoxic or antioxidant action was
performed. In this case, the volume of infusion therapy was
carried out using the Parkland formula:

V=4-M-%,

where V is the volume of infusion, ml; M is the body weight
of the animal, kg; % is the burn area (% of the total body
surface area).

Statistical processing of data was carried out in accor-
dance with generally accepted standards in scientific re-
search. Quantitative parameters of the study groups were
compared using Student’s t-test. The significance criterion
was p <0.05.

RESULTS

The results of a comparative study of the mortality rate
among animals with different volumes of infusion therapy in
shock are presented in Table 1.

Analysis of the data in Table 1 leads to the conclusion
that a group of animals with burn wounds of 15% of the
body surface area is the most adequate model for asses-
sing the effectiveness of intensive therapy.

The data on the comparative analysis of the mortality
rate of animals relative to the area of deep skin burns are
shown in Table 2. Based on them, we can conclude that
the lowest mortality rate was 61.3% with volume of infusion
therapy of about 100 ml/kg, which, in turn, correlated with
the Parkland formula. When increasing the infusion therapy
to 150 ml/kg and above, 100% mortality of experimental
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animals is determined, as in the control group. The results
obtained suggest that excessive infusion therapy disrupts
the functioning of vital organs and functional systems.

It has been established that the probability of a fatal out-
come in burn injury and long-term compartment syndrome
depends on the volume of infusion therapy. The maximum
survival of experimental animals with these lesions was
recorded with the following infusion calculation: Volume of
infusion (ml) = 6.5 - M - %, which, in turn, exceeds the Park-
land formula by almost 40% (p <0.01).

Table 3 shows that administration of synthetic colloids
(139 kDa) and crystalloid solutions in a ratio of 2:3 and

Table 1
Mortality of rats with deep skin burns
and crush syndrome
Tabnuua 1

JNletanbHOCTb KpbIC NpKn rny60|mx oXxorax Koxu
M CUHAPOMe ANUTeNbHOro caaBrieHUA

Table 2

Mortality of rats with deep skin burns
covering 15%
of the body surface against
the background
of prolonged crush syndrome, taking into account
the volume of infusions

Tabnuua 2

NeTanbHOCTb KpbIC Npw rNy60KOM 0ore KoXu
nnowagbto 15% noBepxHoCcTH Tena
Ha ¢hoHe cMHOpOMa ANUTENLHOTO
caaBneHus
C y4eToM 00bema MHdy3un

MNnowaab Mokasatens netansHocTu, % /
oxora, % n.t./ Mortality rate, %
Burn area, 6e3 neyenus / C UHGDY3NOHHON Tepanuel /
%bs. without treatment with infusion therapy

5 25 _
10 85 -
15 100 77
20 100 90

Effect of infusions of crystalloid and synthetic colloid solutions on the mortality rate in deep burns
of 15% of the body surface area against the background of crush syndrome

O6wen Michyanm 0,9% NaCl, wn / MokasaTenb neTansHoOCTH
Infusion volume 0.9% NaCl (Mem), % 1
Mortality rate (M£m), %
0 100£7,1
5 92,4491
10 90,7+8,8
15 77,149,3
20 72,348,1
25 63,148,8
30 73,1474
35 79,649,1
40 100£10,3
Table 3
Tabnuua 3

BnusHue MHbe3Mﬁ KpuUcTannonaHbIX U CUHTETUYECKUX KONNMOUAHbLIX PaCTBOPOB Ha NOKa3aTesb J1IeTaJibHOCTU NMpu rny60KOM
oxore nnowagbko 15% NOBEPXHOCTH TeNla Ha (boue CUHOPOMa AnuTenbHOro caaBneHnA

Mokasatens netansHocT (M+m, %) npu uHdy3umn no chopmyne /
Mortality rate (M+m, %) with infusion according to the formula
I'pynnbl HabmopeHns / "
Observation groups YCINOBHO pacyeTHOM dopmyne
grotp nizkri?:rﬂja/ (Mapknanaa + 40%) / conditionally
calculated formula (Parkland + 40%)
KoHTponsb (6e3 neyenus) / Control (no treatment) 10010 10010
0,9% NaCl 77,1£9,3 63,118,8"
0,9% NaCl + '3K 130 (0,8:0,2) / 0.9% NaCl + HES 130 (0,8:0,2) 41,746,1":2 54,147,2"
0,9% NaCl + 'K 130 (0,6:0,4) / 0.9% NaCl + HES 130 (0,6:0,4) 36,4+5,9"2 39,346,7"2
0,9% NaCl + 'K 130 (0,4:0,6) / 0.9% NaCl + HES 130 (0,6:0,4) 58,1+6,2" 62,3+7,4'
0,9% NaCl + 'K 130 (0,2:0,8) / 0.9% NaCl + HES 130 (0,2:0,8) 66,2+5,6' 77,248,5
9K 130/ HES 130 86,1+7,3' 87,118,12

Notes. Student's t-test: ' — p <0.05 compared with the untreated group; 2 — p <0.05 compared with NaCl. HES — hydroxyethyl starch.
MpumeyaHus. t-kputepuit CTblogeHTa: ' — p <0,05 no cpaeHeHMIo ¢ rpynnoit 6es neyenus; 2 — p <0,05 no cpasHeHutio ¢ NaCl. FOK — ruapokeuaTunkpaxman
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crystalloids (0.9% NaCl) and synthetic colloid solutions
of hydroxyethyl starch (130 kDa) in a ratio of 3:2 reduces
the mortality rates of this category of animals by 40.7%
(p <0.05) and 23.8% (p <0.05), respectively, compared to
infusion with only physiological saline (0.9% NaCl solution).

CONCLUSION

1. The proportion of fatal outcomes in treatment of ex-
perimental animals with mechanical and thermal injury
caused by extensive burns of the skin and CS of tissue in
the acute phase can be reduced by adequate infusion the-
rapy with colloid and crystalloid solutions. It was found that
in the comparison group, where adequate infusion therapy
was carried out according to the conditional formula (Park-
land formula + 40% of the volume of infusion therapy), a
tendency to a decrease in the number of fatal outcomes
was noted.

2. The solution to the issue of the effectiveness of shock
treatment in the acute phase of mechanical and burn shock
is directly related to the performance of adequate infusion,
including combined use of crystalloid and colloid solutions.
At the same time, the mortality rate in the groups studied
was reduced by 1.5-2 times (p <0.01) compared to the
group of animals where only crystalloid solutions were used.
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Abstract. Introduction. The relevance of the work is due to the need to develop ambidexterity as a manual skill of
future surgeons in order to speed up the performance of operations and minimize trauma to the specialist, as well as
reduce the risk of blood-borne infections. Ambidexterity can be developed by performing special exercises at home,
and an objective assessment of changes in the state of the neuromuscular apparatus can be carried out using surface
electromyography. The aim of the study is to develop an effective version of exercises for the development of fine motor
skills using EMG assessment of the dynamics of the functional state of the motor units of the muscles of the forearms of
the non-dominant hand. Materials and methods. The ten-day experiment involved 10 people aged 18-23 years, who
were evenly divided into two groups, which once a day performed exercises to develop fine motor skills of the fingers,
and the second group additionally performed exercises to develop interhemispheric connections. EMG registration was
carried out by electromyograph Biopac Student LAB Basic Systems. The reliability of differences in dependent samples
was determined using the nonparametric Mann-Whitney criterion; for dependent samples, the Wilcoxon criterion was used.
Results. Performing fine motor skills training in combination with exercises that activate the work of both hemispheres
of the brain more effectively contributes to the development of motor skills of the non-working hand. The formation of
interhemispheric interactions increases the number of involved motor units and the degree of their synchronization.
Conclusion. The development of interhemispheric connections allows for more effective mastery of manipulations with
the non-working hand due to the involvement of a larger number of motor units in the process of muscle contraction.

Keywords: ambidexterity, electromyography, fine motor skills
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cneunaniucTa, a Takxe CHUXEHUS pucka 3aboneBaHus reMOKOHTaKTHBIMU MHeKLUMAMU. AMOUOEKCTPUIO MOXHO pas-
BMBATb C MOMOLLbIO BbIMOSHEHUS CrelnarnbHbIX yNpaxHeHnn AoMa, a 06bEeKTUBHYI OLEHKY U3MEHEHWI COCTOAHUS
HEPBHO-MbILIEYHOrO annapaTa NPoBOANTb C MOMOLLbIO MOBEPXHOCTHO anekTpomuorpadum (OMI). Uens uccne-
doeaHus — pa3paboTka 3peKTUBHOIO BapuaHTa yNpaxHEHUI Lns pa3BUTUS MENKON MOTOPUKM C MPUMEHEHNEM
OMT-0LeHKM AUHAMUKY (DYHKLMOHAMBHOTO COCTOSIHUSA ABUraTeNbHbIX €4UHUL, MbILUL, NPEANIeYUn HeBeAYLLeR pyKu.
Mamepuanbi u MemodsbI. B pecaTuaHeBHOM akcnepumeHTe yyacteoBanu 20 Yenosek B Bodpacte 18-23 ner, koTo-
pble BbINN paBHOMEPHO pasferneHbl Ha ABe rpynmbl, 06e U3 KOTOPbIX OANH pPa3 B CYTKU BbINOMHANN YNPaXHEHUs 4ns
pasBUTMS MESKON MOTOPUKI NanbLeB pyK, BTOpas rpynna npy 3TOM AOMNOHUTENBHO BbINOMHANA YNpaXHeHUs 4ns
pa3BUTUS MEXMONyLIapHbIX cBa3eir. Pernctpauns IMI ocyliecTBnsnack npy nomowm anekTpomumorpada Biopac
Student LAB Basic Systems. [locToBepHOCTb pasnuyuin 3aBUCKUMbIX BbIGOPOK ONpeaensnn ¢ NOMOLLbK Henapame-
TpU4ECKoro kputepus MaHHa—YWTHU, ANS 3aBUCUMbIX BbIOOPOK NPUMEHANN KpUTEPUIA YUINKOKCOHA. Pe3ynbmamal.
BbinonHeHne TpeHuHra no pas3suTMIO MENKO MOTOPUKM B COMETAHWUM C YNPaXKHEHUSIMU, aKTUBMPYOLMMU paboTy
ABYX NosyLiapuin ronoBHOro Mosra, 6onee adhekTMBHO cNOCOOCTBYET PasBUTUIO MOTOPUKI Hepaboyen pyku.
dopmupoBaHKe MEXNONyLIApHbIX B3aMMOAENCTBUI YBENIMYMBAET KONUYECTBO BOBMIEYEHHBIX ABUrATENbHbIX eau-
HWL, 1 CTENEeHb WX CUHXPOHU3aLNK. Bbieodbl. Pa3BunTue MexnonyluapHbix cBs3en no3sonset 6onee ahdekTMBHO
ocBanBaTb MaHWUMynAuMM Hepaboyemn pykoi 3a CYET BOBIEYEHMS B NPOLLECC COKpaLLeHns MbilwL Bonbluero yucna
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OBUTraTeNlbHbIX €QUHNUL,.

KnioueBble cnoBa: ambuaekcTpus, anekTpoMmuorpadus, Menkas MoTopuka

INTRODUCTION

Formation of manual skills is one of the elements of trai-
ning surgeons in higher medical educational institutions [1].
Using not only the right but also the left hand — ambidex-
terity — allows not to transfer instruments from one hand to
the other during surgeries, thereby having the ability to per-
form surgical manipulations with the non-dominant hand [2].
Ambidexterity also contributes to the more productive lear-
ning process, reduces the overall level of emotional stress
and mental strain [3, 4]. The ability to use non-dominant
hand minimizes trauma to the specialist, reduces the risk
of various blood-borne infections. Ambidexterity in surgeons
lowers the level of the patient’s discomfort, increases speed
and quality of the procedure, helping to reduce indicators of
surgical stress and patient’s rapid recovery [5].

Manual skills are usually developed using special simu-
lators [6]. However, ambidexterity can be effectively devel-
oped by performing special exercises at home [7]. Electro-
myography (EMG) is used in biomechanics, ergonomics and
sports research to objectively assess changes in the state of
motor units (MU) [7,8]. EMG is a suitable method for asses-
sing physiological processes occurring in the neuromuscular
system during the development of special motor skills of non-
dominant hand [9].

AIM

The aim of the study is to develop effective version of
exercises for the development of fine motor skills using
EMG — assessment of the dynamics of functional state

of motor units of muscles of the forearms of non-dominant
hand.

MATERIALS AND METHODS

The ten-day experiment involved 20 people aged 18 to
23 years, who were evenly divided into two groups. Both groups
performed exercises once a day to develop fine motor skills of
the fingers, used in rehabilitation of patients after upper limb in-
juries [11]. The second group additionally performed exercises
aimed at developing interhemispheric connections [12].

The changes in the state of MU of the non-dominant
hand were assessed using surface EMG (recorded using
BIOPAC STUDENT LAB BASIC SYSTEMS electromyo-
graph). Statistical analysis of the data was performed using
the STATISTICA program, version 6.0. The reliability of dif-
ferences in dependent samples was determined using the
nonparametric Mann-Whitney criterion; for dependent sam-
ples, the Wilcoxon criterion was used.

RESULTS

After a week of the experiment, the time of completing
tasks with non-dominant hand (Table 1) decreased in both
groups. Moreover, the students in the second group showed
more significant progress compared to those in the first group.

The results of the dynamics of amplitude and fre-
quency of the total bioelectrical activity of muscles of
non-dominant hand of students in the first and second
groups before the study and after a week of performing
the exercises are presented in Tables 2 and 3.
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Table 1
Time of completing tasks to assess fine motor skills of the non-dominant hand before
and after completing a set of exercises in the first and second experimental groups
Tabnuuya 1

Bpems BbinonHeHus 3aaaHnin Ans oLeHKU MenKoi MOTOPUKM HeBeayLueli PyKO [0 W Mocre BbINONHEeHUs
KOMMeKca ynpaxHeHU B NepBOi U BTOPON IKCNIEPUMEHTANbHbIX Fpynnax

Obwas BbiGopka 1 2-9 rpynna nocne
-5 rpynna nocne
[0 BbINOMHEHNS BbINOSTHEHMS
BbINOMHEHMUS KOMN-
komnnekca, ¢/ o komnnexca, ¢ /
BbinonHsiemoe 3agaHue / Task to be performed nekca, ¢/ 1%t group after nd

Total sample before . 2M group after
. completing ;

the execution of the completing the

the complex, sec

complex, sec complex, sec
3acterHyTb nyrosuLbl / Button up 43 22 18
Mpogetb HUTKY B uronky / Thread a needle 25 17 13
BcTaBuTb CTepeHb B 0TBEPCTIE NyroBuLbl (ByCUHBI) 1 NOaHSTH ee / 17 12 8

Insert the rod into the hole of the button (bead) and lift it up
Hoctatb cnnyky 13 kopobka 1 3axeub ee / 12 9 7
Take a match out of the box and light it
CobpaTb MOHETHI C NIOCKON MOBEPXHOCTH, MOMOXUTb 15 10 6
ux B kowwenek / Collect coins from a flat surface
and put them in a wallet
CTepeTb NacTUKoM NpeaBapuTENbHO HAPUCOBAHHbIE KPECTUKM / 9 5 3
Erase the previously drawn crosses with an eraser
OTBUHTUTB raiiky pykoii / Unscrew the nut by hand 5
HamoTtaTtb HUTKY Ha kaTywwky / Wind the thread onto the spool 4
Table 2
Maximum amplitude of oscillations on the electromyogram of the non-working hand
before and after performing a set of exercises
Tabnuua 2

MakcumanbHas amnnuTyAa OCUUNNALMI Ha 3NIEKTPOMMOTPaMMe HepaboUen pyku

40 U nocrne BbINOJIHEHMUA KOMNNeKca ynpa)KHeHMﬁ

[lo akcnepumeHTa / Before the experiment Mocne akcnepumeHTa / After the experiment
MOMEHT MaKkc1MarnbHOro MOMEHT MaKCc1MansHoro MOMEHT MakcyManbHOro MOMEHT MaKcUManbHOro
Ipynna / Group CoKpaLleHusi, MkB / paccnabnenus, MkB / CcoKpaLeHns, MkB / paccnabneHus, MkB /
moment of maximum moment of maximum moment of maximum moment of maximum
contraction, pV relaxation, pV contraction, pV relaxation, pV
1 7831362 250167 8441366 104+37,9
2 792+38,1 180+8,3 1052+43,7* 81+2,6*

* p <0.05, statistically significant differences, Mann-Whitney test.
* p <0,05, cTaTUCTUYECKM 3HAYMMBIE OTAMYMS, KpUTEPU MaHHa—YuUTHN.

The mean amplitude and frequency of EMG oscilla-
tions in both groups before the study did not differ statis-
tically significantly. After exercises, the amplitude in both
groups changed in a similar way: during maximum con-
traction it became higher, and at the moment of relaxa-
tion it was lower than before the experiment. In students
of the second group, the changes were statistically sig-
nificantly different from the data before the experiment.

The frequency of EMG oscillations after a week of training
changed in a similar way. In this case, students of the first
group showed a significant decrease in the frequency of oscil-

lations only under conditions of maximum relaxation relative
to the background. Meanwhile, in individuals of the second
group, statistical differences in the frequency of oscillations
on the EMG were significant both against the background of
maximum contraction and with maximum relaxation.

DISCUSSION

We have shown that the motor skills of non-dominant
hand of a healthy person can be significantly improved as a
result of a week of training, if the exercises are performed

& RUSSIAN BIOMEDICAL RESEARCH

VOLY N4 2024

ISSN 2658-6584




OPUTHHAJIBHBIE CTATBU ol
Table 3
Maximum oscillation frequency on the electromyogram of the non-working hand
before and after performing a set of exercises
Tabnuua 3

MakcumanbHas yacToTa OCLMUNIIALMIA Ha 3NTEKTPOMMOrpaMme Hepaboyeit pyku

00 1 nocne BbIMNOMIHEHNUA KOMMJIeKCa yﬂpa)KHeHVIVI

[lo akcnepumeHTa MMocne akcnepumeHTa
MOMEHT MaKCc1MansHoro MOMEHT MaKC1ManbHOro MOMEHT MaKC1ManbHOro MOMEHT MaKC1ManbHOro
lpynna / Group COKpaLLieHms, MKB / paccnabnenus, MkB / CoKpalLLigHus, MKB / paccnabnenus, MkB /
moment of maximum moment of maximum moment of maximum moment of maximum
contraction, uV relaxation, pV contraction, uV relaxation, puV
1 343+20 110+18,2 369+24,5 44+5.3*
2 347245 79,2+10,6 460,9+43,7 35+5,6"

* p 0,05, cTaTUCTUYECKM 3HAYUMBIE OTANYMS, KpUTEPU MaHHa—YUTHN.
*p <0.05, statistically significant differences, Mann-Whitney test.

once a day every day. Not only the time of completing test
tasks to assess fine motor skills improves, but the electrical
activity of the forearm MU also changes: amplitude and fre-
quency of oscillations during contraction increase. Students
in the second group showed higher values of the maximum
amplitude and frequency of contraction on the EMG. This
means that as a result of the development of interhemi-
spheric interactions, a larger number of neuromotor units
were recruited, and their impulse activity increased [13].

It is shown that bimanual hand movements are asso-
ciated with a symmetric facilitation of neural activity medi-
ated by both increased intrahemispheric connectivity and
enhanced transcallosal coupling of SMA and M1. The sup-
plementary motor area is a key structure that stimulates or
suppresses activity in the motor cortical network controlling
uni- and bilateral hand movements [14].

The frequency and amplitude of EMG oscillations during
maximum relaxation, which mainly reflect the activity of the
end plates of muscle, were also lower in students of the se-
cond group. This indicates a more pronounced decrease in
the tonic impulses of MU as a result of fatigue [15]. It has
been previously established that the proportion of the am-
plitude of low- and high-frequency ranges significantly cor-
relates with relative levels of phosphate, which may be a con-
sequence of depletion of energy reserves in myocytes [16].

CONCLUSION

1. Exercises aimed at developing interhemispheric con-
nections allow mastering manipulations with non-dominant
hand more effectively.

2. Transcallosal coupling contributes to the involvement
of a larger number of MU in contraction.

3. As a result of more effective contraction, fatigue develops
in the muscles, leading to a decrease in neuronal impulses.
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AOMNOJIHUTENIbHAA NHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHECIN CYLUECTBEHHbIN
BKnajg B pa3paboTky KOHLENLWW, NpoBeAeHne uccnenosa-
HWUS M NOArOTOBKY CTaTbM, NPOYNN M 0Q00PUNK UHATBHYIO
Bepcuto nepep nybnukauyuen.

KoHdnukT uHTepecoB. ABTOpbI [eknapupyT OTCyT-
CTBME SBHbIX M MOTEHUWANbHbIX KOH(MNKTOB WHTEPECOB,
CBS3aHHbIX C Nybrmkaumen HacTosLEN CTaTbi.

WUcTouHuKk puHaHcmpoBaHuMA. ABTOPbI 3asBNSAOT 00
OTCYTCTBUM BHELIHEr0 (OMHAHCUPOBaHUS NpW NPOBEAEHUM
“ceneaoBaHms.

WUHhopMupoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MOMYYMNN NUCbMEHHOE COrnacye NauMeHTOB Ha ny-
Brmkaumio MeANLIMHCKNX JaHHbIX.
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Abstract. Introduction. Complete absence of teeth is a very common pathology, especially in the elderly, and removable
dentures are mainly used for its treatment. Various local and general mechanisms are used to reduce the process of
adaptation to dentures in patients with complete absence of teeth. We suggest using the principle of biofeedback, which
is safe, does not require medical support, and optimizes the adaptation process by activating the human body’s own
reserves, through active patient involvement and conscious training of the musculoskeletal system. The aim of the study
is to optimize the adaptation process of primary prosthetic patients with complete removable plate prostheses using the
principle of biofeedback. Materials and methods. The research was aimed at substantiating the effectiveness of the
biofeedback method to optimize the adaptation of patients to removable dentures after complete tooth loss. The study
involved 50 elderly people (60-74 years old). All patients were treated for complete absence of teeth with removable
dentures, but the patients of the main group received biofeedback therapy at the treatment stages to optimize adaptation.
Results. When comparing the results of the group receiving traditional treatment and the group using correction with
biofeedback, it was found that the adaptation to full removable plate prostheses occurred faster in the second group.
According to electromyography and gnathodynamometry data, patients receiving biofeedback therapy at the treatment
stages had already adapted to full removable plate prostheses on day 14. We have proved the effectiveness of the
implementation of the proposed technology to optimize the process of adaptation to removable dentures. Conclusion.
Based on the results of objective physiological and subjective studies, it can be seen that the use of the author’s algorithm
based on the principles of biofeedback makes it possible to shorten the period of adaptation of patients to complete
removable plate prostheses, thereby optimizing the process of getting used to complete removable orthopedic structures.

Keywords: electromyographic biofeedback, complete absence of teeth, physiological adaptation to removable plate
prostheses
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Pestome. BeedeHue. MNonHoe oTCyTCTBUE 3yDOB SABNSIETCA BECbMA pacnpocTpaHeHHOW naTonornei, ocobeHHo
y NOXMNbIX Nt0AeN, NS ee NeYyeHns B OCHOBHOM NPUMEHSIIOT CbEMHbIE NIaCTUHOYHbIE NPOTE3bl. [INS COKpaLleHuns
npouecca agantayum K npoTe3am y NaLMeHTOB C NOMHbIM OTCYTCTBMEM 3y60OB MCMONb3YIOT Pa3NNYHbIE TOKANbHbIE
1 06wme mexaHnambl. Mbl e npegnaraem MCNonb30oBaTh NpUHLMN Gruonornyeckon obpatHom cessn (BOC), koTopblii
BesonaceH, He TpebyeT MeMKaMeHTO3HON NOAAEPXKKM, ONTUMU3MPYET NPOLECC aganTaLun 3a CHET aKTMBM3aLMK
COBCTBEHHbIX pe3epBOB OpraHn3Ma YenoBeka nyTem akTMBHOTO BOBIEYEHUS NaLMEHTA 1 OCO3HAHHOW TPEHUPOBKM
MbILLEYHOrO 3BeHa 3yboyentocTHo cuctemsl. Lenb uccnedosaHus — onTumm3auus npolecca agantauuy nep-
BMYHO NPOTE3NPYEMbIX NALMEHTOB MOMHBIMWA CbEMHbBIMU NIACTUHOYHBIMU NPOTE3aMM C UCNOMNb30BaHNEM NPUHLMNA
B5OC. Mamepuanbi u memodsI. iccnepnoBanus 6binn HanpasneHbl Ha 060CHOBaHME 3P HEKTUBHOCTM NPUMEHEHNS
metoga BOC gng onTMm3aumm aganTaLmm NauneHToB K CbeMHbIM NNACTUHOYHBIM MPOTE3aM Noche NOIHOWM NoTepu
3y6oB. B nccneposaHum npunsanu yyactve 50 yenosek noxunoro Bospacta (60-74 roaa). Bcem nauneHtam 6bino
NpoBeLEHO NIeYEHME NOMHOMo OTCYTCTBUS 3yDOB CbEMHBIMM NNACTUHOYHBIMW NPOTE3aMU, HO NALMEHTHI OCHOBHO
rpynnbl Ha aTanax nevyeHns Ans onTuMmusauum agantauuv nonyyanu tepanuio ¢ BOC. Pesynbsmamal. [Mpu cpas-
HEeHWUV pe3ynbTaToB rpynnbl, NOMyYatoLen TPagULMOHHOE fieYeHne, 1 rpynmbl, ucnonb3ytoLlen koppekuuio ¢ OC,
YCTaHOBEHO, 4TO Y BTOPOW rpynnbl aganTtayuus K NOfHbIM CbeMHbIM NNAacTUHOYHBIM NpoTe3am HacTynuna bbicTpee.
Y naumeHnTos, nonyvatwmx bOC-Tepanuio, Ha aTanax neyeHns yxe Ha 14-i aeHb N0 AaHHbIM 3NEKTPOMUOrpadnu
W THaTOAWHAMOMETPUM HAcTynuna agantayus K NONHbIM CbEMHbIM NACTUHOYHBIM NpoTe3aM. Hamu gokasaHa
9 (EKTUBHOCTb BHEAPEHUS NPEANIOKEHHON TEXHOMNOMMM ONTUMM3ALMM NpoLecca aganTaunn K CbeMHbIM 3yOHbIM
npotesam. 3akroyeHue. 1o pesynsTatam 06beKTUBHBIX (DU3NONOTMYECKNX U CYOBEKTUBHBIX UCCNIEA0BAHUI BUOHO,
YTO NPUMEHEHME aBTOPCKOrO anropuTmMa, 0CHOBaHHOro Ha npuHuunax BOC, no3sonseT cokpatuTtb Nepuos agantauum
NaLyMEeHTOB K MOSTHbIM CbeMHbIM NAACTUHOYHLIM NPOTE3aM WU TEM CaMblM ONTUMU3MPOBATL NPOLECC NPUBbLIKAHUS
K MOMHbIM CbEMHbLIM OPTONEANYECKUM KOHCTPYKLUSM.

KnioueBble cnoBa: anektpomuorpadmyeckas buonornyeckas obpatHas cBs3b, NONHOE OTCYTCTBUE 3y6O0B,

(bI/IBVIOJ'IOFVI‘-IeCKaﬂ apgantayma K CbeMHbIM NNacTUHOYHbIM NpoTe3am

INTRODUCTION

Restoration of chewing function, dental aesthetics and
quality speech in the complete absence of teeth is one of
the urgent tasks of modern dentistry. Removable dentures
are mainly used to treat the complete absence of teeth.
Adaptation to removable dentures is different for each
individual patient, and often even a correctly manufac-
tured denture with good fixation does not guarantee rapid
adaptation [1-4]. The process of adaptation to removable
dentures is influenced by many factors: atrophy of the
alveolar process, physiological characteristics of the pa-
tient’s body as a whole, and psychological characteristics
of each individual patient [5-7]. Various local and general
mechanisms are used to reduce the adaptation time to
removable dentures in patients with a complete absence
of teeth. A significant share of the influence is exerted by
topical medications. A number of authors recommend using
various adhesive agents, modified adhesive compositions
[8-10]. Foreign literature describes digital technologies for
the manufacture of complete removable dentures, which
improve their quality and accelerate the process of getting
used to them [11, 12].

When choosing a method for optimizing patient adapta-
tion to complete removable dentures, we proceeded from
the fact that the principle of biofeedback is safe. It also
does not require medication support, optimizes the adapta-
tion process by activating the human body’s own reserves
through active patient involvement and conscious training
of muscles of the stomatognathic system [13—15]. Thus, it
seems relevant to use biofeedback to optimize adaptation
to complete removable dentures.

AIM

The aim of the study is to optimize the adaptation pro-
cess of primary prosthetic patients with complete removable
dentures using the principle of biofeedback.

MATERIALS AND METHODS

Two groups of individuals were surveyed to determine the
effectiveness of the approach we developed to optimize the
adaptation process. The 1st group (control group) received
traditional treatment, while the 2" group (main group) re-
ceived biofeedback therapy. Each group included 25 patients.
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In accordance with the Standards of Medical Care, the condi-
tion of all patients met the following criteria and signs: complete
absence of teeth on one or both jaws; absence of sharp bone
prominences (exostoses); absence of pronounced atrophy of
the alveolar process (with complete absence of teeth on one or
both jaws). Complete absence of teeth on the upper jaw with
a high alveolar process of the upper jaw, uniformly lined with
dense mucosa, with well-defined maxillary tuberosity, deep pa-
late, poorly expressed torus or its absence allowed to classify
patients as type | according to the Schroeder classification.
Complete absence of teeth on the lower jaw with a pronounced
alveolar ridge, when the transitional fold is located far its crest,
allowed to classify patients as type | according to the Keller
classification. Healthy oral mucosa is moderately flexible, mo-
derately mobile, pale pink, well-moistened. This allowed us to
classify patients as | class according to the Supple classifica-

tion. In addition, the patients did not have pathology of the tem-
poromandibular joint and masticatory muscles.

The patient’s adaptation correction was carried out for
10 days. It included: author’s complex of myogymnastic ex-
ercises (invention patent RU 2812832 C1 dated 02.02.2024),
author’s method of training patients with complete absence
of teeth using the principles of biofeedback (invention patent
RU 2802148 C1 dated 22.08.2023), author’s training plastic
base with a plastic roller (utility model patent RU 202617 U1
dated 01.03.2021). Myogymnastics was carried out taking
into account the individual physiological characteristics of
the maxillofacial area of patients and using a plastic roller
with a plastic base specially developed by us (utility model
patent RU 213341 U1 dated 07.09.2022) [16-18].

Medical check-up of patients at the stages of treatment
included: dental check-up of the maxillofacial area and the

Table 1

Results of the assessment of patient adaptation at the stages of treatment with the traditional method and using correction
with biological feedback according to gnathodynamometry data (M+m)

Tabnuua 1

Pe3ynbTaThl OLEHKW aganTaLuyuu NauMeHTOB Ha 3Tanax feyeHUs TpagULMOHHBIM METOAOM U C UCMONb30BaHNEM KOPPEKLIMM
¢ 6ruonornyeckon oO6paTHOI CBA3bIO NO AaHHbLIM rHaToAuHamMomeTpuu (Mtm)

KOHTOOMBHES MOV, G TOAIMLAOHHbIM OcHoBHas rpynna, ¢ MCnonb3oBaH1em
P pynna, ¢ Tpaanme BOC-Tepanun Ha atanax nedveHus / The
neyenuem / Control group, with . ina biofeedback th t-kput-
conventional treatment (n=25) main group, using biofeedback therapy -
at the stages of treatment (n=25) Tepun
Cpok Habntopexns / CTbto-
Observation period Cina CoKpaLLeHus KeBaTenbHbIX Mbiwwl, H / fexTa / P
force of contraction of masticatory muscles, N Student's
cTopoHa / side cTopoHa / side ttest
npagas / right nesas / left npagas / right nesas / left
MepBoe nocewyenue / First visit 90,5+2,6 93,6+2,5 90,5+2,6 93,6+2,5 0,27 0,8
LLlecToe nocelueHue / Sixth visit 91,0£2,3 93,6+3,3 92,0+2,3 94,5423 0,61 0,5
3 [HS NOCNe HanoXxeHuns 90,4+2,5 95,3+2,1 98,31£2,5 97,321 2,7 0,00005*
npote3a/ 3 days after the
prosthesis is applied
7 OHEN nocne HanoXeHus 100,4+1,5 105,3+2,2 115,442,5 116,3+£2,1 418 0,000064*
npotesa / 7 days after
the prosthesis is applied
14 noHel nocne HanoXeHus 110,1£2,1 111,541,6 125,141 125,5+3,6 3,9 0,00017*
npotesa / 14 days after
the prosthesis is applied
30 gHen nocne HanoXeHus 130,144,3 131,1£3,2 139,142,3 139,1+2,2 2,35 0,02*
npotesa / 30 days after
the prosthesis is applied
60 gHeit nocne HanoXeHus 135,546,3 134,1+4 1 140,1+4,1 139,6+6,3 0,5 0,6
npotesa / 60 days after
prosthesis placement

* Differences in the same indicators between groups are statistically significant (p <0.05).
* Paanuuus ofHOUMEHHbIX NoKasaTeneil Mexay rpynnamu cTaTucTUYeckn 4ocToBepHb! (p <0,05).

& RUSSIAN BIOMEDICAL RESEARCH

VOLY N4 2024

ISSN 2658-6584




OPUTMHAJIBHBIE CTATBI

57

oral cavity itself, palpation, gnathodynamometry (GDM), elec-
tromyography (EMG), autonomic nervous system (ANS) tes-
ting, modified technique for assessing adaptation to orthopedic
dental structures “AOS”, OHIP-14-Ru questionnaire for assess-
ing the quality of life, and maladjustment coefficient (MC).

Statistical analysis of the data was performed using the
STATISTICA 7.0 software package. The normality of distri-
bution was assessed using the Kolmogorov-Smirnov test
followed by the parametric method. Differences were consi-
dered significant at p <0.05.

RESULTS

The vegetative Kerdo index (KI) values in patients of
both clinical groups before the start of treatment did not
differ significantly (mean value was 10.0), which was ad-
ditional evidence of the similarity of these clinical groups.
On the first day after insertion of a complete removable
denture, an increase in heart rate (HR) and, accordingly, Kl

(sympathicotonia) from 60.5 to 65.8% was recorded in both
study groups. On the seventh day after insertion of a den-
ture, the HR and Kl values in the main group approached
normal values, and in the control group, sympathicotonia
was observed, which is characteristic of a stress state
(p <0.05 with the first group). During control visits after 30
and 60 days of treatment, patients in both clinical groups
had Kl values within normal limits.

The gnathodynamometry values in patients of both
groups before the start of treatment did not differ significant-
ly (mean value was 92N), which was additional evidence of
the similarity of these groups (Table 1).

On the first day after denture insertion, a slight increase in
the chewing force from 1.5 to 1.8% was recorded in both clini-
cal groups, both on the functionally dominant and non-domi-
nant chewing sides. On the 7 and 14" days after insertion of
a complete removable denture, the pressure force was par-
tially restored, but when using the traditional approach, it was
only 102.4+7.7 N. At the same time, in patients of the second

Table 2

Results of the assessment of patient adaptation at the stages of treatment with the traditional method and using correction
with biofeedback according to electromyography data of the masticatory muscles (M£m)

Tabnuua 2

Pe3ynbTaThbl OLEHKM aganTaumy NaLUEHTOB Ha 3Tanax IeYeHns TPagMLUOHHLIM METOLOM U € UCMONb30BaHMEM KOPPEKLIMK
¢ Guonornyeckon 06paTHON CBA3bLIO MO JaHHLIM 3neKTpoMuorpadum xeBatenbHbIX Mbiuy (M£m)

KoHTpornbHas rpynna OcHoBKas rpynna,
P pynna, ¢ ncnonb3osannem BOC-Tepanum
C TPAAMUMOHHEIM NeveHnem / Ha aTanax neyeHust / The main "
Control group, with conventional in biof cth t-KpuTEpMiA
treatment (n=25) group, using biofeedback therapy at CTblo-
Cpox Habniopetvs / the stages of treatment (n=25) newTa / P
Observation period S ,
anektpomrorpacusi, MkB / electromyography, pV tt“tjentts
-tes
CTOpOHa CTOpOHa
npaeast neBas npasast nesas
MepBoe nocewyerue / First visit 52,0+6,1 41,0+6,5 53,0+5,2 42,0451 0,12 0,9
LLlectoe nocelyenue / Sixth visit 150,1+6,5 120,0+5,4 140,0+7,6 100,0+5,5 1,04 0,3
3 OHS nocne Hanoxexus npotesa / 160,5+5,5 120,0+4,5 100,9+5,7 70,0+4,6 7,57 0,00001*
3 days after the prosthesis
is applied
7 OHel nocne HanoxeHus npotesa / 130,244 .4 100,045,3 70,143, 5 60,8+5,6 9,53 0,000001*
7 days after the prosthesis
is applied
14 nHeil nocne HanoxeHus npotesa / 110,045,5 80,1+4,4 55,3+3,6 50,4+4,5 7,74 0,000001*
14 days after the prosthesis is applied
30 gHel nocne HanoxeHns npotesa / 53,3+3,6 50,2+3,4 52,5+2,6 50,4+2,1 2,23 0,8
30 days after the prosthesis is applied
60 aHel nocne HanoxeHus npoTesa / 50,6+0,7 50,2+0,8 50,1+0,4 50,8+0,6 0,62 0,54
60 days after prosthesis placement

* Pa3annuns oAHOMMEHHbIX NoKa3aTenen Mexay rpynnamu cTaTucTUyeckn 4ocToBepHbl (p <0,05).
* Differences in the same indicators between groups are statistically significant (p <0.05).
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group it was 115.3+8.9 N (p <0.05 with the first group). Dur-
ing control visits after 30 and 60 days of treatment, the GDM
values were recorded in patients of both clinical groups within
the normal limits. However, during treatment using the prin-
ciple of biofeedback, the values of the force of chewing pres-
sure of the muscles were higher than in the first group.

The bioelectrical activity (BEA) of the studied muscles
was examined using the method of total electromyography
(Table 2). Standard wireless sensors were used, which were
placed along the course of muscle fibers on the right and
left above the motor point of the masseter muscle.

As a result of assessing the EMG parameters in the
control group, at maximum muscle stress, a high-frequency
curve was recorded with average amplitude of 52.0£6.1 pyV
on the right, and 41.0£6.5 pV on the left before prosthetics
of the masseter muscle itself. Meanwhile, in the main group,
values were 53.0£5.2 uV on the right side, and 42.0+5.1 yV
on the left. Bioelectrical activity in men and women differed
slightly, and therefore the electromyography data of men
and women were considered together.

The next day after insertion of a removable denture
(6™ visit), according to the results of the EMG: in the control
group, at maximum muscle stress, a high-frequency curve
was recorded with amplitude of contraction of the mastica-
tory muscle itself of 150.1£6.5 pV on the right side, and
120.0£5.4 uV on the left. At the same time, in the main
group, values were 140.0+7.6 pV on the right side, and
100.0£5.5 pV on the left. It is seen that in patients of the
main and control groups there was a “jump” in the bioelec-
trical activity of the masticatory muscles immediately after
insertion of a removable denture, since it is a strong irritant.

On the third day after insertion of a removable denture in
the control group, at maximum muscle stress, a high-frequency
curve was recorded on the EMG of the masticatory muscle it-
self with average amplitude of 160.5 + 5.5 pV on the right side,
and 120.0 £ 4.5 uV on the left before prosthetics. Meanwhile,
in the main group, values were 100.9 + 5.7 pV on the right
side, and 70.0 + 4.6 4V on the left. It is evident that in patients
of the main and control groups of the study, according to the
bioelectrical activity of the masticatory muscles of the right and
left sides, signs of asymmetry of the indicators are preserved.

On the seventh day after insertion of a removable denture
in the control group, at maximum muscle stress, a high-fre-
quency curve was recorded on the EMG with average ampli-
tude of 130.2+4.4 uV on the right side, and 100.0£5.3 pV on
the left before prosthetics of the masticatory muscle itself. At
the same time, in the main group, values were 70.1£3.5 uV on
the right side, and 60.8+5.6 pV on the left. It is seen that in pa-
tients of the main group, the bioelectrical activity of the masti-
catory muscles of the right and left sides approached the initial
values. Also, the indicators on the right and left are almost the

same (which indicates a good prognosis for adaptation), while
this is not observed in patients in the control group.

On the fourteenth day after insertion of a removable den-
ture in the control group, at maximum muscle stress, a high-
frequency curve was recorded on the EMG with average ampli-
tude of 110.0£5.5 pV on the right side, and 80.1+4.4 uV on the
left before prosthetics of the masticatory muscle itself. Mean-
while, in the main group, values were 55.3+3.6 pV on the right
side, and 50.4+4.5 pV on the left. It is evident that in patients
of the main group, the bioelectrical activity of the masticatory
muscles of the right and left sides approached the initial values.
Also, the indicators on the right and left are almost the same
(which indicates the onset of adaptation in the main group),
while this is not observed in patients in the control group.

On the thirtieth day after insertion of a removable denture
in the control group, at maximum muscle stress, a high-fre-
quency curve was recorded on the EMG with average ampli-
tude of 53.3+3.6 pV on the right side, and 50.2+3.4 pV on the
left before prosthetics of the masticatory muscle itself. At the
same time, in the main group, values were 52.5+2.6 yV on
the right side, and 50.4+2.1 pV on the left. The masticatory
muscles of the subjects in both groups work symmetrically,
which is confirmed by the symmetry of their strength indica-
tors and can be considered a sign of successful adaptation.

On the sixtieth day after insertion of a removable den-
ture, a high-frequency curve was recorded on the EMG in
the control group at maximum muscle stress with average
amplitude of 50.6+0.7 uV on the right side, and 50.2+0.8 uV
on the left before the prosthesis the masticatory muscle it-
self. Meanwhile, in the main group, the EMG values were
50.1£0.4 uV on the right side, and 50.8+0.6 pV on the left.
In patients of the main and control groups, the bioelectri-
cal activity of the masticatory muscles of the right and left
sides is almost the same. The masticatory muscles of the
subjects in both groups work symmetrically, which is con-
firmed by the symmetry of their strength indicators and can
be considered a sign of successful adaptation.

When analyzing the data of the assessment of patients in
both groups after insertion of removable dentures using the
“Maladjustment Scale” (MC — maladjustment coefficient), it
is shown that on the day of denture insertion in the first (con-
trol) group, MC was equal to an average of 122.4£0.3. In the
second group MC was 107.2+0.3. During medical check-up
of patients on the 7-14™ day after insertion of removable
dentures in the first (control group) and second (main group,
patients received biofeedback therapy) groups, the MC was
11046.2 and 48.0+4.3, respectively. This indicates a relatively
more favorable course of the adaptation process in patients
in the case of using the myogymnastic complex with biofeed-
back in treatment. Medical check-up of patients on the 30—
60" day after denture insertion revealed a further decrease in
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KDA values to 6.3£0.4 in the main group and to 4.1+0.3 in the
comparison group. It should be noted that adaptation is con-
sidered to have occurred already at values of KDA less than
10. Thus, it is obvious that patients of the main group have a
higher degree of adaptation to removable dentures (p <0.05).
Before treatment, the OHIP-14-Ru questionnaire scores
(the “Quality of Life Questionnaire”) were higher than
56 points in both groups and amounted to 65£7.4. Immedi-
ately after denture insertion, the OHIP-14-Ru questionnaire
scores in the first (main) group were slightly higher than
56 points and amounted to 57+5.7 points. In the second
group (comparison group), the scores were 55+5.4 points,
indicating a satisfactory level of quality of life (p <0.001).
According to the data of electromyography and gnathody-
namometry of the masticatory muscles, adaptation in patients
of the main group occurred on the 14" day after denture in-
sertion, and in patients of the control group — only on the
30th day after fixation of the complete removable denture.
Thus, the application of biofeedback at the stages of
treatment of patients with a complete absence of teeth us-
ing removable dentures reduces the level of maladaptive
impact of dental manipulations on chewing function. In ad-
dition, this approach ensures more complete and acceler-
ated restoration of the main physiological characteristics of
masticatory muscles of stomatognathic system.

CONCLUSION

Based on the results of objective physiological and sub-
jective studies, it can be seen that using the author’s algo-
rithm based on principles of biofeedback makes it possible
to shorten the period of adaptation of patients to complete
removable dentures, thereby optimizing the process of get-
ting used to complete removable orthopedic structures.

The tactics we have developed for managing patients with
complete absence of teeth include a complex of myogymnas-
tic exercises, method for training patients with complete ab-
sence of teeth using principles of biofeedback, as well as the
use of technical devices we have proposed (a training plastic
base with a plastic roller). This tactic allows us to optimize the
process of adaptation to removable dentures. Therefore, it is
advisable to include it in the protocol for dental treatment of
patients with complete absence of teeth.
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AONONMHUTENBHAA UHOOPMALINA

Bknag aBTOpOB. BCe aBTOPbI BHECIN CYLLECTBEHHDI
BKNapg B pa3paboTky KOHLEeNnuuu, NpoBeAeHue uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, NPOYY M 0f406pUNIN UHANBHYHO
Bepcuto nepep nybnukauyuen.

[aHHas nybnvkauns SBNsSeTCs YacTblo AUCCEPTaLMOH-
HOro UCCNeaoBaHUs Ha COMCKaHWe CTeneHu kaHanaata me-
AvumHcknx Hayk Onbru CepreeBHbl Yenypsieson.

KoHnukT uHTepecoB. ABTOpbI [eKNapupytT OTCyT-
CTBME SBHbIX W NOTEHUMANbHbIX KOH(IIMKTOB WHTEPECOB,
CBSI3aHHbIX C Ny6nnkaLnen HacTosLen cTaTby.

UcTouHmuk dpmHaHcpoBaHmA. ABTOpbI 3asBNSOT 06 OTCYTCT-
B BHELLHETO (OMHAHCVPOBAHWS MPW MPOBEAEHUN UCCIIEA0BAHNSI.

WUHhopmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOpbI MOSTYYMNN NUCbMEHHOE COracue nauueHToB Ha ny-
BrmKkaumio MeULIMHCKNX OaHHBbIX.
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Abstract. Introduction. The lakes of the Vsevolozhsky District of the Leningrad Region are considered to be popular
places of tourist importance, where intensive amateur fishing is conducted. Data on the parasite fauna of the fish
species most commonly found in the biocenoses are important in ichthyopathology and medicine. The aim of the
study was to determine the systematic affiliation of trematode larvae in fish of the family Percidae from Lake Veroyarvi
in the Vsevolozhsky District of the Leningrad Region and to assess the safety of objects of fishing by the presence
of trematode larvae pathogenic to humans. Materials and methods. The material was collected in the summer and
autumn of 2022-2023. 15 individuals of perch (Perca fluviatilis) were studied by the method of complete parasitological
autopsy. Fixation and staining of the detected trematode metacercariae were performed using carmine acetic acid.
The fixed samples were studied using an XSP-128-201 binocular microscope. Results. Metacercariae of the family
Diplostomidae were found in the eyes of 14 out of 15 individuals of the perch. Numerous metacercariae of the Strigeidae
family have been identified in the connective tissue membrane of the swim bladder, the parenchyma of the ovary, and
mesentery of fish. Based on the analysis of the literature data, the life cycles, vertebrate and invertebrate hosts of
the identified trematodes are considered. The first intermediate hosts are gastropods; fish of the Percidae family are
the second intermediate hosts. Vertebrates, mainly birds, act as the final hosts. Conclusion. Larvae of trematodes
of the families Diplostomidae and Strigeidae, which do not pose a danger to humans, have been identified in the
organisms of fish of the Percidae family in Lake Veroyarvi, Leningrad Region.

Keywords: Trematode fauna, family Diplostomidae, family Strigeidae, family Percidae, ichthyopathology

O TPEMATOJO®AYHE PblE CEMENCTBA PERCIDAE
O3EPA BEPOSIPBU NEHUHIPALCKON OBNACTH
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Pestome. BeedeHue. O3epa BceBonoxckoro paoHa JleHnHrpaackon 06nactit OTHOCAT K NONynsipHbIM MecTam Typu-
CTNYECKOro 3Ha4eHus:, Ha KOTOPbIX Be4eTCs UHTEHCUBHOE NobuTtensckoe pbibonoBCTBO. [laHHble 0 napasutodayHe
Hanbonee 4yacTo BCTpeYarLLMxcs BMAOB pbib B paccMaTpuBaeMblx 6UOLEHO3aX UMEIOT 3HAYEeHWe B UXTUONATONo-
T v megnuuHe. Yenb uccnedoeaHus — onpeaeneHne CMCTEMaTUYECKON NPUHAANEXHOCTN INYUMHOK TPEMATOA
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B pbibax cemencta OkyHeBble (Percidae) n3 o3epa Beposipsu BceBonoxckoro paitoHa JleHnHrpaackon obnact u
oLeHKka 6e30nacHoOCTM 06beKTOB pbIOOIOBCTBA NO HANMYMIO B HAX JIMYMHOK TPEMATOZ, NATOTeHHbIX ANs YenoBeka.
Mamepuanbi u memodsbi. Coop maTepuana npoegeH NETOM 1 oceHbto 2022-2023 rr. B nonesbix ycnosuax. Me-
TOAOM MOMIHOTO Napa3MTONOrMYeckoro BCKpbITUS uccnegoBaHo 15 ocobei okyHst 0BbikHOBEHHOTO (Perca fluviatilis).
Oukcaumio 1 oKpalunBaHue 0BHapYXEHHbIX MeTaLepkapuii TpeMaToA NPOBOAMMMN C UCMONb30BAHWUEM YKCYCHOKMCIIONO
kapMuHa. /13yyeHune dukcpoBaHHbIX 06pasLoB 0CYLLECTBNANN C UCMOMb30BaHNEM BUHOKYNSPHOro Miukpockona XSP-
128-201. Pesynbmamsl. B rnasax 14 u3 15 ocoben okyHs 0ObIKHOBEHHOTO 0OHapyXeHbl MeTaLepkapui CEMencTea
Diplostomidae. B coeanHutenbHOTKaHHOM 060n04Ke NnaBaTenbHOro Ny3blpsi, NAapeHxnuMe andHnKka u Gpbixerike
pblb BbISIBNEHbI MHOTOYNCNIEHHbIE MeTallepkapumn cemencTtaa Strigeidae. Ha ocHoBaHUM aHanu3a nuTepaTypHbIX
AaHHbIX PAaCCMOTPEHbI KU3HEHHbIE LKMbl, NO3BOHOYHbIE N 6ECN03BOHOYHbIE X035ieBa 06HAPYXEeHHbIX TPEMaTOA.
lMepBbIMK NPOMEXYTOYHBIMM X035€BaMM ABNAKOTCS OPIOXOHOTME MONMKCKM, pbiObl cemeiicTBa OKyHeBble — BTOpbIE
NPOMEXYTOYHbIE X0351eBa. B ponu oKOHYaTENbHbIX X035€B BbICTYNAOT NO3BOHOYHbIE XMBOTHbIE, MPEUMYLLECTBEHHO
nTuubl. Bbigodsl. B opraHuamax pbib cemelictsa Percidae B 03epe Beposipsu JleHuHrpaackoi obnactu onpeaeneHsbi
NNYnHKK TpemaTog cemeicTB Diplostomidae w Strigeidae, He npefcTaBnALLIME ONACHOCTb NS YenoBeka.

KnioueBble cnoBa: TpemaTtogodayHa, cemencTBo Diplostomidae, cemenictso Strigeidae, cemencTso Percidae,

nxTumonaroniorusa

INTRODUCTION

One of the most clinically significant groups of parasitic or-
ganisms are trematodes (class Trematoda). Representatives of
this class of flatworms have a variety of adaptations to parasi-
tism and are of enormous importance in the biosphere. In ad-
dition, many types of trematodes are parasites of humans and
economically significant animal species [1, 2, 12, 16].

The reservoirs of the Vsevolozhsky district of the Leningrad
region are popular for tourism. Due to the spread of recreatio-
nal fishing, the question arises about the safety of eating caught
fish [5, 10]. Most studies on parasite fauna of fish in large bodies
of water of commercial and fishery importance [8]. The parasite
fauna of fish living in small lakes of the Karelian Isthmus of the
Leningrad Region, both stagnant and flowing, is currently little
studied. This work focuses on the study of trematodes that are
important in ichthyopathology and medicine. For the first time,
data on the parasite fauna of fish of the family Percidae in Lake
Veroyarvi in the Leningrad Region are provided.

AIM

To determine the systematic affiliation of trematode lar-
vae in the organisms of fish of the family Percidae in Lake
Veroyarvi in the Leningrad Region and to assess the safety
of fisheries based on the presence of trematode larvae
pathogenic to humans.

MATERIALS AND METHODS

The basis for this work was the material collected in the
summer and autumn (June to September) of 2022-2023 in

Lake Veroyarvi, Vsevolozhsky District, Leningrad Region.
Collection, primary processing and study of the material
were carried out in field conditions. The body length and
weight of 15 common perch (Perca fluviatilis, family Perci-
dae) were assessed. A complete parasitological dissection
of the fish was performed to detect parasites of different
systematic groups [3] using an MBS-10 stereomicroscope
(LZOS, Russia). After the isolation of trematode larvae,
they were processed in accordance with the generally ac-
cepted method [15]. Acetic carmine was used to fix and
stain metacercariae [15]. The fixed samples were studied at
the Department of Medical Biology of St. Petersburg State
Pediatric Medical University using a binocular microscope
XSP-128-201 (Optitech, China). Photo and video recording
was carried out using a digital camera C510 (Levenhuk).
To determine the systematic affiliation of parasites, a guide
to parasites of freshwater fish was used [9]. Morphometric
studies were carried out in ImageJ software. For calibration,
a transmitted light micrometer object (LOMO, Russia) with a
division value of 0.01 mm was used.

RESULTS AND DISCUSSION

During a parasitological dissection of 15 common per-
ches, ranging in size 93 to 180 mm, weighing 9 to 89 g,
larvae of the family Diplostomidae were found in eyes of
14 individuals: the genus Diplostomum (Fig. 1, 2) and the
genus Tylodelphys (Fig. 3).

To determine the systematic classification of trematode
metacercariae, the number, location, and shape of calcare-
ous bodies (elements of the secondary excretory system)
were taken into account [15]. Detection of calcareous bodies
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ala
Fig. 1.

Metacercaria of Diplostomum sp. from the eye of a perch, Lake Veroyarvi, Leningrad Region; stained with acetic carmine: a —

general morphology, 10 objective; b — anterior end of the body, x40 objective (photo by Makarov D.V. — here and below)

Puc. 1.

MeTauepkapus Diplostomum sp. n3 rna3a okyHs 06bIKHOBEHHOrO, 03epo Bepospsu, lleHnHrpaackas o6nacTb; okpacka — YKCYCHOKMC-

NbIii KAPMUH: @ — 06Lwas Mopdonorus, 06bekTUB X10; 6 — nepeHMI kKoHel, Tena, 06bekTuB %40 (choto Makaposa [1.B. — 3pech 1 fanee)

is possible during observation in vivo and in unstained pre-
parations (Fig. 2).

According to literature sourses [10], representatives of
the family Diplostomidae are the most common fish para-
sites that cause trematodosis. These trematodes are cha-
racterized by complex life cycles, including development
with a change of three hosts: two intermediate and one
definitive. Mature Diplostomidae parasitize in the digestive
system of birds, while metacercariae (one of the larval sta-
ges) live in the body of fish or amphibians. The development
of parthenites of these trematodes occurs inside the body of
the mollusc [13].

Parasitism of the generae Diplostomum and Tylodelphys
of the family Diplostomidae in the eyes of fish has a nega-
tive effect on functioning of the visual organ and modifies
feeding behavior [21, 26]. It is known that the presence of
metacercariae of various species of the genus Diplostomum
in the eye lens leads to development of parasitic cataracts
(diplostomosis) in fish. Metacercariae parasitism in the eyes
of young fish is especially dangerous. This parasite causes
significant harm to fish farming.

Unlike the metacercariae of Diplostomum, the meta-
cercariae of species of the genus Tylodelphys are loca-
lized in the vitreous body and have significant mobility.
Parasitism of Tylodelphys metacercariae in the vitreous
body does not result in the development of parasitic ca-
taracts in fish. However, due to ability to actively move
inside the eye, Tylodelphys metacercariae can change
the behavior of their intermediate hosts depending on
the day time, which is important for implementation of

Fig. 2. Metacercaria of Diplostomum sp. from the eye of a perch,
Lake Veroyarvi, unstained preparation, x10 objective
Puc. 2. Merauepkapua Diplostomum sp. U3 rnasa okyHs, 03epo

BepospBu, HeoKkpalleHHbIN npenapat, 06bekTUB X10

the parasite’s life cycle [26]. Infected fish lose an abi-
lity to orient themselves normally in space and become
easy prey for the final host.

In our study, the work was carried out in field conditions,
which allowed us to study the eyes of fish with live larvae. In
the vitreous body, mobile metacercariae were found, which
was recorded during video filming (Fig. 3 — frame from the
video record).

Results of the study indicate a high level of infected
fish of the family Percidae with larvae of trematodes of the
family Diplostomidae and are consistent with data obtained
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during the study of other reservoirs of the Leningrad Region
in 2005-2023 [8, 10]. Despite the large number of larvae in
the eyes, they were not found in brain of fish. However, ac-
cording to literary data, the brain is one of the most affected
organs after the eyes [18, 19, 24]. Metacercariae parasitism
in the eyes of fish (especially young fish) can cause their
death. However, representatives of the genera Diplosto-
mum and Tylodelphys do not pose any danger to humans.
Numerous (several dozen) metacercariae of the fa-
mily Strigeidae were found in the connective tissue mem-
brane of the swim bladder (Fig. 4, a) of three individuals of
Perca fluviatilis, in parenchyma of the ovary (Fig. 4, b) of
one fish, and in mesentery of two individuals. The larvae
of trematodes of the family Strigeidae are often enclosed

Metacercariae of Tylodelphys sp. from the vitreous body of

Fig. 3.
the eye of a perch (still from a video recording)
Puc.3. Metauepkapuu Tylodelphys sp. u3 cTeknoBuaHOro Tena

rnasa oKyHsi 0GbIKHOBEHHOIO (Kaap U3 BuLe03anucm)

in thick-walled capsules of complex structure, with a car-
tilaginous or gelatinous consistency. Mechanical extraction
of metacercariae from such capsules for the purpose of re-
search is difficult [3].

The life cycle of most trematodes of the family Strigeidae
includes three hosts: a definitive host and two intermediate
hosts [14]. The first intermediate hosts are gastropods, the
second are various invertebrates (molluscs, some annelids)
and vertebrates including fish. The final hosts are verte-
brates, mainly birds. Sexually mature individuals of these
trematodes live in their bodies. Some representatives of the
family, for example, Alaria spp., include a fourth (reservoir)
host and an additional stage, mesocercaria, in the life cycle
[4]. In this case, the reservoir host may be a human [17,
20, 22]. The representatives of the family Strigeidae that
we found and identified have no medical significance, but
the presence of parasites of the families Diplostomidae and
Strigeidae may affect the ichthyopathological condition of
fish, the organoleptic properties of fish raw materials and,
accordingly, the quality of fish products for human nutrition.

According to the literature, metacercariae of trema-
todes of the Paracoenogonimus ovatus spp. of the family
Cyathocotylidae [11], the Metorchis bilis spp. of the family
Opisthorchiidae [7] and Clinostomum complanatum spp. of
the family Clinostomidae [6] are found in the fish body of the
family Percidae, which are pathogenic for humans. In our
study, larvae of these species were not detected.

The first intermediate hosts of the trematode Paracoe-
nogonimus ovatus are molluscs of the genus Viviparus, the
second are various species of fish, and the final hosts are
predatory and fish-eating birds, as well as some mammals,

ala b/6

Fig. 4. Metacercariae of the Strigeidae family in the tissues of the internal organs of the perch: a — from the wall of the swim bladder in
the connective tissue membrane; b — from the ovarian tissue

Puc. 4.

MeTauepkapum cemeinctsa Strigeidae B TKaHAIX BHYTPEHHWUX OPraHOB OKYHSl 0OLIKHOBEHHOTO: @ — M3 CTEHKM NNaBaTeNibHOro ny3bl-

psi B cOeANHUTENBHOTKAHHOM 060M0YKe; 6 — M3 TKaHW ANYHUKA
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including humans [25]. The first intermediate hosts of the
Metorchis bilis spp. are molluscs of the family Bithyniidae,
the second intermediate hosts are fish (mainly the family
Cyprinidae), the final hosts are vertebrates that feed on fish
(birds, mammals), and humans can also act as a final host
[23]. The larvae of the Clinostomum complanatum spp. are
found in fish of the family Percidae. The first intermediate
host of the parasite are freshwater gastropods (pond snails
of the genus Lymnaea, etc.). The final hosts are many spe-
cies of fish-eating birds (herons, etc.), in which sexually ma-
ture helminths are localized in the pharynx, and in some
cases, mammals and humans [6].

CONCLUSION

1. In tissues and organs of fish of the family Percidae
from Lake Veroyarvi in the Vsevolozhsky district of the Le-
ningrad region, trematode larvae of the families Diplostomi-
dae and Strigeidae were found.

2. The most common parasites of a perch are repre-
sentatives of the family Diplostomidae, found in 14 out of
15 individuals.

3. The study did not identify any trematode species that
are dangerous to humans.
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AOMNOJIHUTENIbHAA UHOOPMALIUA

Bknag aBTOpOB. BCce aBTOPbI BHECIU CYLLECTBEHHDI
BKNag B pa3paboTKy KOHLENuuu, NpoBeAeHne nccneosa-
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Abstract. Introduction. Blood pressure is an important hemodynamic indicator characterizing the state of the
cardiovascular system, which plays an important role in the experimental modeling of pathological conditions
associated with impaired hemodynamics (for example, blood loss or hemorrhagic shock) in biological test systems.
In modern practice, invasive and non-invasive blood pressure measurement methods are used in conducting
research. However, if the objectives of the study include the registration of blood pressure in modeling pathological
conditions associated with impaired hemodynamic processes, such as hemorrhagic shock, then with existing
methods of measuring blood pressure, obtaining accurate, reliable data is often difficult. The aim of the study was
to develop a minimally invasive, continuous method for recording blood pressure in the caudal artery in rats, both
under anesthesia and without it, including without the use of anticoagulants; comparative analysis of various blood
pressure measurement techniques in intact animals, in experimental modeling of hemorrhagic shock. Materials and
methods. 110 male rats, Sprague Dawley, weighing 36020 g were involved in the work. During the experiment, a
minimally invasive method of blood pressure registration was developed, surgical modeling of hemorrhagic shock
was performed, and a comparative analysis of various blood pressure measurement methods was carried out.
The results of the study. It was found that the developed method can be considered accurate and low-traumatic,
allowing fast, continuous blood pressure measurements in real time, both under general anesthesia and without
it, without the use of anticoagulants. The accuracy of measurements does not depend on the nature, complexity
of the experimental study and the general hemodynamic picture of the animal.

Keywords: blood pressure, caudal ventral artery, hemorrhagic shock, heparinized saline solution, biological test system
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Pe3tome. BeedeHue. ApTepuanbHoe aasneHune (AL) — BaxHbI reMOAMHAMUYecKuii nokasaTerb, XapakTepuayHoLLmii
COCTOSIHUE CepheYHO-COCYANCTON CUCTEMBI, BbIMOMHAIOLLMIA BaXHYIO POfb NPK 3KCNEPUMEHTAIIbHOM MOZENMPOBaHUM
NaTomnorM4Yecknx COCTOSHUIA, CBA3aHHbIX C HapyLUEHWEM reMOANHAMIKY (HanpyUMep, KpOBOMOTEPU MM reMopparyecko-
ro Woka) B 61onornyeckux TecT-cuctemax. B coBpemMeHHo npakTuke npu NpoBeAEHUN UCCNEA0BAHUI MPUMEHSIOTCS
WHBA3MBHbIE U HeWHBa3nBHble MeToabl u3Mepenus ALl OgHako ecnu B 3a4auun UCCNe0BaHNS BXOLUT pernctpauus
A[l npy MoaenMpoBaHMM NATONOrMYECKUX COCTOSIHUI, CBS3aHHbIX C HApYLLIEHWeM NPOLLECCOB reMOLUHaMUKL, TakuX Kak
reMopparmyeckui Lok, TO C CYLLECTBYIOWMMN MeTogaMn u3mepeHns ALl nonyyeHne TOUHbIX, JOCTOBEPHBIX AaHHbIX
3avactylo OblBaeT 3aTpygHuTENbHO. Lenb uccnedogaHus — pa3paboTka ManonHBA3WBHOTO, HEMPEPLIBHOMO METoAa
perucTpaumm Al B XBOCTOBOW apTepUM y KpbiC, Kak Nog aHecTeanei, Tak u 6e3 Hee, B TOM yncne 6e3 Mcnonb30BaHus
aHTUKOArynsHTOB; CPaBHUTESbHbLIN aHaNN3 PasnYHbIX METOANK U3MepeHus ALl Y MHTaKTHBIX XKUBOTHbIX, NPK 3Kcnepu-
MeHTanbHOM MOZenupoBaHu remopparm4eckoro woka. Mamepuanbi u memodsl. K pabote npueneyeHo 110 camuos
kpbic, Sprague Dawley, Becom 360220 r. B npouecce akcnepumeHTa paspaboTaH ManouHBa3VBHbI METOA perncTpawmm
A[l, BbINOMHEHO XMpYprvyeckoe MoAenMpoBaH1e reMoppariyeckoro LWoka, NpoBeeH CPaBHUTENbHBIM aHanN3 pasnuyHbIX
meToauK uamepernst ALl Pesynbmamsi ucciedoeaHusi. YCTaHOBIEHO, YTO pa3paboTaHHbIit METOL MOXHO CYUTaTh TOY-
HbIM 1 ManoTpaBMaTUYHbIM, NO3BOSAKOLLMM BbINOMHATL ObICTPbIE, HeNpepbiBHble 3MepeHus ALl B pexume peanbHoro
BpeMeH, kak nog obLLen aHecTeaven, Tak 1 6e3 Hee, 6€3 NCNONb30BaHUS aHTUKOArynsHTOB. TOYHOCTb U3MEPEHNIA HE
3aBICUT OT XapakTepa, CrIOXHOCTM SKCNEPUMEHTAIBHOTO UCCRea0BaHNs 1 06LLE reMOANHAMUYECKON KAPTUHbI KUBOTHOTO.

KnioueBble cnoBa: apTepuanbHoe AaBreHue, XBOCTOBas BEHTparibHas apTepusi, remopparuyeckuii Wok,

FenapVIHVI3VIPOBaHHbIl7I ¢)VI3VIOJ'IOFI/I‘-I€CKVII7I pacTeop, Buonornyeckas TecT-cuctema

INTRODUCTION

According to generally accepted methods, invasive
measurement of arterial pressure (AP) in rats is carried
out directly in isolated vessels (aorta, femoral or carotid ar-
teries) or in the heart cavity using “liquid” and “non-liquid”
methods [2, 3, 4].

The “liquid” method of recording blood pressure is based
on the placement of a catheter or cannula into a “dedicated”
vessel, connected via a liquid line filled with heparinized
saline to a pressure recording sensor. This system allows
for the most accurate measurement of arterial pressure,
however, under certain conditions (catheter flushing), he-
parinized saline solution can enter the animal’s body, which
in some cases is unacceptable or critical for experimental
research [1-7].

To measure blood pressure using the “non-liquid” me-
thod, a micro pressure sensor is used. It consists of a sensi-
tive sensor part connected to the main unit of the pressure
measurement system, which allows for quick measure-
ments without introducing anticoagulants into the animal’s
body [2, 3].

When registering blood pressure using invasive me-
thods, surgical isolation of a vessel is required.

In turn, among non-invasive methods of measuring
blood pressure, the most widely used is the electroplethys-
mographic (cuff) method associated with the caudal artery
(tail-cuff) of rats. This method is based on the same princip-
le as the measurement of blood pressure in humans by the
Riva-Rocci method [1-3]. Compared to invasive methods,

the Riva-Rocci method does not require anesthesia for ani-
mals, including reuse, although it is less accurate. For ex-
ample, in the hemorrhagic shock (HS) model, with exfusion
of more than 40% of the circulating blood volume (CBV),
blood pressure is not recorded by this method).

Thus, in preclinical practice, the task of finding and de-
veloping a minimally invasive method for recording arterial
pressure in the body of rats remains relevant.

AIM

The aim of our study is to develop a minimally invasive,
continuous method for recording blood pressure in the cau-
dal artery in rats, both with and without anesthesia, without
use of anticoagulants. To provide a comparative analysis
of various methods for measuring blood pressure in intact
animals (without anesthesia and with injection anesthesia),
including experimental modelling of HS.

MATERIALS AND METHODS

Animals. 110 male rats, Sprague Dawley, weighing
360£20 g, SPF category, obtained from the Scientific and
Production Enterprise “Nursery of Laboratory Animals” of
the branch of the Institute of Bioorganic Chemistry of the
Russian Academy of Sciences, Pushchino, were used as
biological test systems in the experiment. The maintenance,
care of animals and experimental modelling were carried
out in accordance with international European bioethical
standards, Russian ethical standards for the maintenance
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and handling of laboratory animals, and the norms and rules
of the “Policy for Working with Animals of JSC GENERIUM”.

Equipment. To record arterial pressure in rats, modules
and sensors of the MP150WSW electrophysiological re-
search apparatus (BIOPAC Systems Inc., USA) were used:

1) minimally invasive and non-liquid methods —

MPMS100 unit and TSD175A micro pressure sensor;

2) cuff method — NIBP200A2 module and RXTCUF-

SENSOR pressure sensor;

3) liquid method — DA100C module and TSD104A in-

vasive pressure sensor.

Study design. The experiment consisted of four stages.

Stage | — The development of a minimally invasive
method for recording blood pressure in the caudal artery in
rats (n=10).

Stage Il — A comparative analysis of various methods
for recording blood pressure in rats without anesthesia:
1) minimally invasive method (n=10); 2) cuff method
(n=10).

Stage Ill — A comparative analysis of various methods
of recording blood pressure in rats with anesthesia (n=40):
1) minimally invasive method (n=10); 2) cuff method (n=10);
3) liquid method (n=10); 4) non-liquid method (n=10).

Stage IV — A comparative analysis of various methods
of recording blood pressure in rats in the HS model (n=40):
1) minimally invasive method (n=10); 2) cuff method (n=10);
3) liquid method (n=10); 4) non-liquid method (n=10).

Stage | — the development of a minimally invasive
method for recording blood pressure in the caudal ar-
tery of rats

The development of this method for recording arterial
pressure in rats is based on the technique of catheterization
of the caudal artery and placement of a micro pressure sen-
sor in the vessel.

To insert a microsensor, an animal was placed in
the spinal position on a heated operating panel (Medi-
heat V500DVsta (PecoServices LTD, UK)) and the cau-
dal artery was visualized by gently massaging the tail.
Next, the caudal artery was catheterized using a periph-
eral intravenous catheter (G24/26 intravenous catheter
(HELMFLON®ptfe, Germany)). The catheter was inserted
into the vessel at an acute angle (~10-15°); when in-
serted correctly, blood appeared in the catheter port. In
this case, the artery was clamped proximal to the punc-
ture site to stop bleeding. Then the needle was removed
from the catheter, a pressure microsensor was inserted
into the lumen of the catheter, after which the clamp was
removed from the artery and blood pressure was recor-
ded (Fig. 1).

Stage Il — a comparative analysis of various me-
thods for recording blood pressure in rats without ane-
sthesia

Recording of blood pressure in the study without anes-
thesia was carried out in rats using both a minimally inva-
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Minimally invasive method of recording blood pressure in the caudal artery in an intact animal without anesthesia: a — technique

of placing a catheter and a pressure sensor into the caudal artery (1 — intravenous catheter; 2— micro pressure sensor TSD175A);
b — schedule of blood pressure registration (1 — systolic blood pressure, mmHg; 2 — diastolic blood pressure, mmHg; 3 —

average blood pressure, mmHg)
Puc. 1.

ManouHBa3uBHbI MeTOA perucTpaummn apTepuanbHOro AaBneHus (Aﬂ) B XBOCTOBOW apTepun Y WHTAKTHOIO XXMBOTHOIrO 6e3 aHe-

CTe3un: a — TeXHMKa NOCTaHOBKM kaTeTepa U MMKpOAaT4YMKa AaBNeHUs B XBOCTOBYH apTepuio (1 — BHYTPMBEHHbIN KaTeTep; 2 —
mukpoaatuuk aaBnenus TSD175A); 6 — rpadomk peructpauun Al (1 — ALl cuctonuyeckoe, Mm pT.cT.; 2 — AJl guacTonmyeckoe,

MM pT.cT.; 3 — Al cpeaHee, MM pT.CT.)
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sive method and a cuff method in the caudal artery area of
the middle third of a tail.

Stage lll — comparative analysis of various methods
for recording blood pressure in rats under anesthesia.

Liquid, non-liquid, and minimally invasive methods were
used to measure blood pressure in rats under anesthesia.

Injectable zoletil-xylazine anesthesia was used for ge-
neral anesthesia when preparing an animal for work.

Femoral artery catheterization was performed when re-
cording blood pressure using non-liquid and liquid methods.

Stage IV — comparative analysis of various methods
for recording blood pressure in rats in the HS model

When recording blood pressure in rats in a HS model,
the researchers performed experimental modelling of he-
morrhagic shock using the «fixed volume» method without
introducing heparinized saline into the body. To perform ex-
fusion, arteriosection of the femoral artery was performed
with subsequent controlled exfusion. The exfusion was
2.8-3.0% of the animal’s weight, which corresponded to
40-50% of the total circulating blood volume. Ringer-Locke
solution was used for reperfusion. Blood pressure was
measured: 1) before exfusion; 2) during exfusion; 3) in the
time interval from exfusion to reperfusion; 4) during reperfu-
sion; 5) 10 minutes after reperfusion.

Minimally invasive, cuff, non-liquid and liquid methods
were used to record blood pressure.

In the HS model, exfusion and measurement of blood
pressure by non-liquid and liquid methods were performed
in one femoral artery, since additional isolation of the se-
cond femoral artery resulted in trauma to the animal and
significantly increased labor costs and time.

Thus, in these variants of blood pressure measurement,
its monitoring was possible only during the periods: 1) du-
ring exfusion (in our case, at 5, 10, 15 and 20 minutes,
which corresponded to 40, 70, 90 and 100% of the calcu-
lated exfusion volume); 2) in the time interval from exfusion
to reperfusion; 3) during and after reperfusion.

Blood pressure recording using the minimally invasive
and cuff method during the HS modeling was performed
continuously.

Statistical processing. The data obtained during the
work were checked for normal distribution. Statistical
analysis included calculation of the mean value, standard
deviation. To compare values, a parametric indicator was
used — Student’s t-test, since the sample corresponded to
the law of normal distribution. Differences were considered
statistically significant at p <0.05. Statistical data processing
was performed using IBM SPSS Statistics (23 v (IBM SPSS
Statistics 23) (IBM Corp., USA)).

RESULTS AND DISCUSSION

During the experiment, a minimally invasive method for
recording arterial pressure in the caudal artery of rats was
developed, and a comparative analysis of blood pressure
with existing methods for recording arterial pressure in in-
tact animals without anesthesia, with anesthesia, and in the
HS model was conducted.

Comparative analysis of various methods of recording
blood pressure in rats with and without anesthesia. No statisti-
cally significant differences were found when recording blood
pressure in animals with and without anesthesia (Table 1).

Comparative analysis of various methods of recording
blood pressure in dynamics during experimental modelling
of HS. The use of the cuff method in the HS model was diffi-
cult, since when exfoliating more than 40% of the calculated
volume, the equipment did not record blood pressure.

The use of the non-liquid method allowed reliable and
accurate measurement of BP throughout the experiment,
but at certain periods: 1) during exfusion (in our case, at
5, 10, 15 and 20 minutes, which corresponded to 40, 70,
90 and 100% of the calculated exfusion volume); 2) in the
time interval from exfusion to reperfusion; 3) during and
after reperfusion. To conduct continuous recording of BP

Table 1

Indicators of average blood pressure in animals without anesthesia and under anesthesia

Tabnuua 1

Mokazatenu cpegHero apTepuanbHOro AaBfieHUsA y XUBOTHbIX 0e3 aHecTe3uu U nop aHecTe3men

MeToabl peructpauun aptepuanbHoro asnexus /

CpenHee apTepuanbHoe AaBreHre, MM pT.CT., X£CT. OTKI. /
Average blood pressure, mmHg, xtstandard deviation

Blood pressure registration methods
0es aHecteann / without anesthesia ¢ aHectesuen / under anesthesia
ManouHBasueHbI MeTog / Minimally invasive method 92,0+7,1 76,527
ManxeToyHbin meTog / The cuff method 91,346,7 72,0+2,7
XugakoctHbiit meTog / The liquid method - 76,3+2,0
beaxwuakocTtHbIn MeTog / The non-liquid method - 81,5+2,2
@ POCCHITCKHE BHOMEJIUIIMHCKUE NCCIETOBAHIA  TOM 9 Nod 2024 ¢ISSN 2658-6576
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= ManouHsasusHblit MeTog / Minimally invasive method B be3xuakocTHbIA MeTog / Liquid-free method
O JKnakocTHbIA meTon / Liquid method
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Before exfusion  Exfusion 40% Exfusion 70%  Exfusion 90%  Exfusion 100% no penepcbyaumn/ Reperfusion 15 muH / penepdysun /
From exfusion 10 min Reperfusion After
to reperfusion 15 min reperfusion
Manunynsuum / Manipulations
Fig. 2.  Parameters of the mean pressure in rats in the CS model during registration by various method
Puc.2. Mapametpbl Aflcp y kpbic B Mogenu 'L npu pernctpaunu paanuyHbiMu MeTogamu
Table 2
Parameters of mean blood pressure in rats in a hemorrhagic shock model
Tabnuua 2

MapameTpbI cpeaHero apTepuanbHOro AaBNEHNS Y KPbIC B MOAENM reMopparuieckoro Woka

ALcp, MM pT.CT., X£cT. oTkn. MeTogsl namepenust ALl / Average blood pressure,
MaHv!nynﬂl_J,MM / Bngﬂ, W'H/ " mmHg, xtstandard deviation. Blood pressure measurement methods
Manipulations Time, min MaroVHBA3MBHbIN METOA / | KMOKOCTHbIN MeToh | | Ge3kuaKocTHbIN MeTog /
minimally invasive method the liquid method the non-liquid method
[o akcdpy3um / Before exfusion - - 76,5127 76,3+2,0 81,5+2,2
Oxkcyams / Exfusion 5 40 46,9+2.6 51,6+2,9 47,72 4
10 70 42,3+1,3 43,119 41,6+1,5
15 90 24,7421 26,542,2 251428
20 100 18,0124 18,5+2,9 18,0+2,7
Or akcdhysum o penepdysum / From 30 - 13,2+1,7 - 14,5+1,7
exfusion to reperfusion
Penepdyans / Reperfusion 10 - 25,3+2,3 - 24,8422
15 31,2424 - 32,5+2,7
Mocne penepdyauu / After reperfusion 10 - 26,9+1,8 - 27,4419

lMpumeyaHue: % — NPOLEHT OT pacyeTHOro 0bbema akcdyauu.
Note: % is a percentage of the estimated volume of exfusion.

using this method, additional surgical intervention was re-
quired to isolate another femoral artery.

Recording of blood pressure using the liquid method
was only possible during the exfusion period, since as
the volume of exfusion increased and blood viscosity in-
creased, thrombosis of the catheter occurred, which led to
data distortion.

When recording BP using a minimally invasive method,
continuous monitoring of BP parameters was performed
during the experiment, and correct data were obtained
throughout all stages of the work on the HS model.

The parameters of middle BP in rats in the HS model
when recorded using various methods are shown in Fi-
gure 2 and Table 2.
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CONCLUSION

Thus, the developed minimally invasive method of re-
cording blood pressure, in comparison with generally ac-
cepted methods, has the following characteristics.

1. It is minimally invasive, continuous, does not require
surgical intervention;

2. It allows measurements to be taken on animals, both
with and without general anesthesia;

3. It allows recording blood pressure without the use of
anticoagulants;

4. It allows real-time blood pressure measurements, re-
gardless of the animal’s overall hemodynamic picture.
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AOMNOJIHUTENIbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHECIN CYLLUECTBEHHbIN
BKnag B pa3paboTky KOHLENLWW, NpoBeAeHne uccnenosa-
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Bepcuto nepep nybnukauyuen.

KoHdnukT uHTepecoB. ABTOpbI [eknapupyoT OTCyT-
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Abstract. Muscle tissues are widespread in the human organism. Since their main feature is ability to contractility,
their sarcoplasm (cytoplasm) contains a well-developed contractile apparatus, which can have its specific
characteristics in different muscle tissues. Muscle tissues differ from each other not only in their localization
and structural characteristics, but also in their origin, as well as their ability to regenerate. There are two
main classifications of muscle tissues: morphological one taking into account the peculiarities of the structure
of the contractile apparatus, and histogenetic one taking into account the origin of tissue. According to the
morphofunctional classification, muscle tissues are divided into striated (cross-striated) and smooth. In turn, striated
tissues are divided into skeletal and cardiac. The main tissue element of skeletal muscle tissue is myosymplast,
which is formed during embryogenesis as a result of the fusion of myoblast cells. The main tissue element of cardiac
muscle tissue are cells — cardiomyocytes, which during embryogenesis connect with each other to form fibers. The
main tissue element of smooth muscle tissue are cells — smooth myocytes, which during embryonic development
can migrate from different rudiments. Muscle tissue of internal organs and vessels has a mesenchymal origin, the
muscles of the iris of the eyeball are neural, myoepithelial cells of glands are ectodermal. Despite the fact that the
structure and origin of the muscle tissues are well studied, in recent years a lot of information has appeared
from the field of molecular biology concerning their development in embryogenesis. In addition the issues of
regenerative capabilities of different types of muscle tissues remain debatable. Skeletal muscle tissue shows
the greatest regenerative abilities. Its regeneration is provided by satellite cells (myosatellitocytes), which isolate
themselves on the surface of skeletal muscle fiber during intrauterine development, without fusing with it and
preserving regenerative abilities due to the protein Pax7 expressed by myoblasts that are the precursors of
myosatellitocytes. Until now, there is no unambiguous data on the regenerative capabilities of cardiomyocytes.
There is controversial information in the literature about the possible role of cells c-kit+ as cardiac stem cells.
However, they cannot provide full-fleged regeneration due to their small quantity in the myocardium. Smooth
myocytes of blood vessels and internal organs are capable of reparative regeneration, which is provided by
cells entering mitosis when smooth muscle tissue is damaged. But the question remains not fully clarified, which
cells are capable of performing this function. Clarification of issues related to the regeneration of various types
of muscle tissue may be of great importance for practical medicine.

Keywords: muscle tissues, structural and functional unit, the unit of contractility, muscle contraction, ultrastructural
features, the motor unit, regenerative ability, histogenetic classification
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Pestome. MblLLeyHble TKaHW LUMPOKO pacnpoCTpaHeHb! B OpraHname Yenoseka. [ockonbKy rmaBHON UX 0COBEHHOCTHI
ABNSETCS CNOCOBHOCTb K COKPATUMOCTH, B UX CapKOniasme (LMTOMIa3Me) HaX0AUTCS XOPOLLIO Pa3BMUTbIN COKPATUTENbHBIN
annapar, KOTOpbIi B pa3HbIX MbILLEYHbIX TKaHSX MOXET UMETb CBOU 0COBEHHOCTW. MblLLEYHbIE TKaHK OTMNYaoTCs Apyr OT
Apyra He TOMbKO CBOeN Nokann3aLmen n Mopgonornieckumm XapakTepucTukamm, Ho 1 NPOUCXOXAEHNEM, @ TaKKe Cnocob-
HOCTBIO K pereHepaLiym. CyLLecTBYHOT 4B OCHOBHbIE KNTacCU(MKaLMM MbILLEYHbIX TKAHEN: MOPOMor1yecKas, yumTbiBatoLLas
0COBEHHOCTM CTPOEHMS COKPATUTENBHOIO annapara, W MMCTOreHeTYeCKas!, yuuTbIBatLLas NpoucxoxaeHve. B cooteetct-
BUM ¢ MOPhOYHKLMOHAIBHON KacCumkaLmen MbilueYHbIE TKaHW AEeNATCS Ha CYePYEHHbIE (MONEPEYHO-NOoNOocaThie) u
rnagkue. B cBot ouepelib, McYepUEHHbIe NOAPa3aenaTCa Ha CKENETHYIO U CepAEYHYH0. [MaBHbIM TKaHEBbIM 3EMEHTOM
CKENETHOW MbILLEYHON TKaHW ABISIETCS MUOCUMNNACT, KOTOPbIN B Xofe ambpuoreHe3a obpasyeTcs B pesynbrare CinsHIS
KNeTok MrobnacTos. [MaBHbIM TKaHEBLIM SNEMEHTOM CEPAEYHOI MbILLEYHO TKaH SBASIOTCA KNETKN — KapAYOMUMOLNTI,
B Xofe aMbpuoreHesa CoeanHAOLLMECS APYr C ApYroM ¢ (hOpMUPOBaHNEM BOIOKOH. [MaBHbIM TKAHEBbIM 3EMEHTOM [MaaKoM
MbILLIEYHON TKaHW ABNSIOTCS KNETKN — rMaaK1ue MAOLMTbI, KOTOPbIE B X0A4€ MBPUOHANBHOM pasBUTMS MOTYT BbICENATLCS
13 pa3Hblx 3a4aTKoB. MbllLeyHas TkaHb BHYTPEHHWX OPraHOB M COCY0B MMEET ME3eHXMMasbHOe NPOUCXOXAEHE, MbILLL|bI
pagyXHoi 060noYkK rnasHoro sbnoka — HenlpanbHoe, MUO3NUTENWanbHbIE KNETKM Xene3 — akTogepmanbHoe. Hecmo-
TPS Ha TO YTO CTPOEHME 1 MPOUCXOXAEHNE MbILLEYHbIX TKAHEN XOPOLLO M3YYEHO, B NOCEAHME rofbl NOSBUIOCH MHOTO
WHopmaLmm B 0BnacTi MOSeKynspHoit B1onorum, KacaroLencs ux passuTs UMEHHO B aMbpuoreHese. Kpome Toro, anc-
kyTabesnbHbIMM OCTal0TCS BONPOCHI PereHepaTBHbIX BO3MOXHOCTEN pasnyHbIX BIULOB MblLLeYHbIX TkaHel. HanborbLume
pereHepaTyBHble CMOCOBHOCTY NPOSIBNSIET CKENETHas MblLLeYHas TkaHb. PereHepaliyio ee 06ecneynBatoT KneTku-caTenmuTbl
(MrocaTennuTouuTbl), KoTopble 060COBNAOTCSA HA NOBEPXHOCTY CKENETHOTO MbILLIEYHOTO BOSIOKHA B NPOLIECCe BHYTPUY-
TPOBHOro pa3BuTIS, He CIIMBASACH C HUM W COXPaHsist pereHepaTuBHbIA NoTeHUmMan 3a cyet benka Pax7, akcnpeccupyemoro
Muobractamun — npeaLLecTBEHHKaM1 MUOCaTENNUMTOLMTOB. [10 HACTOSLLEr0 BPEMEHI He UMEETCS OAHO3HAYHbIX AaHHbIX
0 pereHepaT1BHbIX BO3MOXHOCTSX KapauoMUOLMTOB. B nutepatype umeeTcs cnopHas uHopmaLmus 0 BO3MOXHOM ponu
KneTok c-kit+ B ka4ecTBe KapananbHbIX CTBOMOBbIX KNeToK. OAHAKO OHM He MOryT 0BecneymThb MONHOLIEHHYH pereHepaLmio,
BCNEeACTBUE UX HE3HAYMTENBHOTO KOMIMYECTBA B MUOKapAe. MMaakne M1oLmMTbI COCYA0B U BHYTPEHHUX OPraHoB CMOCOBHbI
K penapaTuBHOW pereHepaLmu, kKoTopas obecneynBaeTcs Knetkamu, BCTYNatoLLMM1 B MUTO3 NpU NOBPEXAEHUN TMaaKon
MbILLIEYHON TKaHW. Ho oCTaeTes He 40 KOHLA BbISICHEHHBIM BOMPOC, Kakne MMEHHO KNETKW CNOCOBHbI BbIMONHATL 3TY (yHK-
LMo, YTOYHEHWe BONPOCOB, CBA3aHHBIX C pereHepaLmen pasnmyHbIX BUGOB MbILIEYHBIX TKAHEH, MOXET MMETb BonbLuoe
3HayeHne Ans NpakTUYEecKkon MeauLMHbI.

KnioyeBble cnoBa: MblleYHbIE TKAHW, CTPYKTYPHO-(YHKLMOHANbHAS eanHILA, eAMHULE COKPaTUMOCTH, MblLLEYHOE
COKpaLlleHue, ynbTpacTpyKTypHble 0COGeHHOCTH, ABUraTenbHas eanHuLa, pereHepaTuBHasi CnocobHOCTb,
rcToreHeTMYeckas knaccudukaums

INTRODUCTION According to the morphofunctional classification, mus-
cle tissues are divided into striated and smooth. Striated

Muscle tissues are united by a common function — the abi- muscule tissues include skeletal and cardiac muscle
lity to contract and the associated morphological feature (the pre-  tissues. Smooth tissues include muscle tissues of inter-
sence of certain organelles in the cytoplasm that ensure contracti-  nal organs and blood vessels, muscles of the iris of the
lity). At the same time, muscle tissues differ in the features of their  eyeball and myoepithelial cells of a number of exocrine
contractile apparatus, origin and ability to regenerate (Fig. 1). glands.
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The three types of muscle tissue: a — skeletal muscle tissue; b — cardiac muscle tissue; ¢ — smooth muscle tissue. 1 — nuclei;

2 — striations; 3 — muscle fiber; 4 — connective tissue; 5 — anastomosis; 6 — intercalated disc; 7 — nucleus; 8 — glycogen; 9 —

muscle cells [18]
Puc. 1.

Tpu TUNA MbIWEYHbIX TKaHeW: a — CKeneTHas MblleYHas TKaHb; 6— cepaeyHan MblilevyHana TKaHb; 8 — rnagkasa MbllleYyHasa TKaHb.

1 —aapa; 2 — nonepeyHas UCYEPUYEHHOCTb; 3 — MbilIeYHOE BOJIOKHO; 4 — COeAMHUTENbHAsA TKaHb; 5 — aHacTOMO3; 6 — BCTaBOY-
HbIl AuCK; 7 — AAPO; 8 — rMMUKoreH; 9 — MblweyHble kneTku [18]

SKELETAL MUSCLE TISSUE

Such tissue is widespread in the human body, not only
muscles attached to bones, but also some organs such as the
esophagus, pharynx and tongue. According to the histogenetic
classification, such tissue belongs to the somatic type.

Development

The source of development of this muscle tissue is the
myotomes of somites. Myotome cells migrate to the sites
of skeletal muscle formation. Such cells express molecular
markers Pax3 and Pax7, characteristic of myoblasts and
myosatellite cells [3, 7]. Migration is controlled by the genes
Pax3, Met. Then myogenic cells actively proliferate under
the influence of growth factors. At this stage, myogenesis is
blocked by the myogenesis repressor MyoR [17].

From the 5" week of intrauterine development, myoblasts
fuse to form muscle tubes, in which myofilaments are formed,
from which myofibrils are assembled. After the fusion of
myoblasts, DNA synthesis and nuclear division cease. Myo-
symplasts grow by adding new myoblasts [7]. The nuclei are
initially located in the center of the muscle tube, but as the
number of myofibrils increases, they shift to the periphery. In
this way, relatively mature muscle fibers are formed (Fig. 2).

This occurs from the 20" week of intrauterine develop-
ment. Myoblasts are isolated on the surface of muscle fibers
at the G1 stage. These are myosatellite cells. In vivo studies
on mice it has shown that the survival and proliferation of
myosatellite cells is encoded by the Pax7 protein. It also
prevents their fusion into muscle fiber, preserving regenera-
tive potential [9]. In vitro studies also confirm the important
role of this protein in myoblast survival processes [21, 22].
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Fig.2. Development of skeletal muscle tissue: 1 — myoblasts; 2 — myosatellitocyte; 3 — myoblast fusion to form myotubules; 4 —
differentiation; 5 — muscle fiber [24]

Puc.2. Pa3BuTMe cKeneTHOW MbiWeYHOW TKaHW: 1 — MuobnacTbl; 2 — MUOCATENNUTOLMT; 3 — CNUsHME MUOGNacToB ¢ o6pa3oBaHUeM
mMnoTy6yn; 4 — auddepeHUMpoBKa; 5 — MbllweYHOe BOJIOKHO [24]

ala b/6
Fig. 3.  Sceletal muscle tissue at longitudinal (a) and cross (b) section. 1 — nuclei [4]
Puc.3. CkeneTHas MblweYHasi TKaHb B NPOAONLHOM (a) M nonepeyHoM (6) paspese. 1 — sapa [4]
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Fig. 4.  Molecular structure of a sarcomere: 1 — Z-line; 2 — A-band; 3 — H-band; 4 — M-line; 5 — a-actinin; 6 — tropomyosin; 7 — nebulin;
8 — titin; 9 — actin; 10 — tropomodulin; 11 — myomesin; 12 — C-protein [23]

Puc.4. MonekynspHas cTpykTypa capkomepa: 1 — Z-nuuus; 2 — A-guck; 3 — H-nonocka; 4 — M-nuHus; 5 — a-akTHWH; 6 — Tponomuo-
3UH; 7 — HeOynuH; 8 — TUTUH; 9 — akTuH; 10 — TponomoaynuH; 11 — Muome3suH; 12 — C-6enok [23]

6/b

Fig.5. Molecules composing myosin (thick — a) and actin (thin — b) filaments. 1 — muscle fiber; 2 — myofibril; 3 — myofilaments; 4 —
myosin molecule; 5 — tail; 6 — heads; 7 — actin-binding site; 8 — ATPase-binding site; 9 — myosin heads; 10 — tropomyosin;
11 — G-actin; 12 — F-actin; 13 — myosin-binding site; 14 — troponin; 15 — Ca%-binding site [18]

Puc.5. Monekynbl, o6pa3yiowue MUO3MHOBLIE (TONCTbIE — @) M aKTUHOBLIE (TOHKME — 6) punameHTbl. 1 — MbIWEYHOE BONIOKHO; 2 —
muocubpunna; 3 — muodunamenTbl; 4 — Monekyna MMosuHa; 5 — XBOCT; 6 — ronoBku; 7 — aKTUHCBA3bLIBAOWMIA Y4acToK;
8 — AT®-cBA3bIBaOWMIA YHACTOK; 9 — MUO3UHOBBIE ronoBku; 10 — Tponomnosmt; 11 — G-akTuH; 12 — F-akTuH; 13 — MMO3MHCBS-
3biBaloWmi cant; 14 — TponoHuH; 15 — Ca%*-cBsa3bIBatowwmii yuacTok [18]
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Myotubules are formed by myoblasts at the GO stage,
which have irreversibly left the cell cycle [17].

The development of skeletal muscle tissue is associated
with the development of nervous tissue. During ontogene-
sis, it is not individual muscle fibers that develop, but motor
units, represented by a motor neuron and the muscle fibers
innervated by it. Thus, the development of muscle fibers is
associated with the development of motor neurons [15].

Features of the structure of skeletal muscle tissue

The structural and functional unit of such tissue is the
myosymplast. The cytoplasm of muscle fibers is called sar-
coplasm, the plasmalemma is called sarcolemma. Each
skeletal muscle fiber is represented by a myosymplast and is
surrounded by a basal membrane. Between the basal mem-
brane and the sarcolemma are myosatellite cells (Fig. 3).

The sarcoplasm of the myosymplast is characterized by
a well-developed contractile apparatus. It is represented by
myofibrils consisting of orderly arranged actin and myosin
myofilaments. The myofibrils are located very close to each
other. Each one is characterized by transverse striation
associated with the alternation of isotropic (I) and aniso-
tropic (A) disks. The disks of each myofibril are localized
strictly opposite the same disks of neighboring myofibrils,
due to which transverse striation of the entire muscle fiber
is revealed. Anisotropic disks are represented by myosin
filaments and, in an uncontracted muscle fiber, by small
fragments of actin filaments. During contraction, actin fila-
ments penetrate deeper into the spaces between the myo-
sin filaments. Isotropic disks are represented by free frag-
ments of actin filaments. Actin filaments consist of F-actin
chains, which are two helical polymers of G-actin, resem-
bling a twisted pearl necklace. Each groove of the F-actin
helix contains tightly adjacent thread-like molecules of tro-
pomyosin. Each tropomyosin molecule is associated with
troponin, a polypeptide consisting of three subunits: tro-
ponin T, troponin |, and troponin C. Troponin |, when bound
to actin, inhibits the zone in it through which actin interacts
with myosin [5, 10]. In the middle of each isotropic disk is
a Z-line (telophragm), which contains proteins, desmin and
vimentin. The space between two telophragms is called a
sarcomere. The sarcomere is considered a unit of contrac-
tility, since its length changes during muscle contraction
(Fig. 4). Actin filaments are attached to the telophragm by
a-actinin and nebulin. The free end of the actin filaments is
coated with the protein tropomodulin.

Myosin filaments consist of 200-300 mirror-image myosin
molecules. In such a molecule, heavy and light meromyosin
(heavy and light parts) are distinguished. Heavy meromyosin
includes two fragments: S1, represented by globular heads,
and S2, represented by a linear elastic component. The S1

fragment has ATPase activity, which requires contact be-
tween the myosin heads and the active centers of the actin fil-
aments. The terminal part of the myosin tail filament is formed
by light meromyosin. Myosin has two hinge regions that allow
the molecule to change conformation. One hinge region is
located at the border of heavy and light meromyosins, the
other is in the neck region, near the head. Light meromyo-
sin provides aggregation of myosin molecules, while heavy
meromyosin has actin-binding regions and has ATPase acti-
vity [1, 25]. Myosin molecules are assembled into aggregates
in such a way that half of the heads face one end and half
face the other. Myosin filaments are attached to the Z-lines by
the elastic protein titin. The M-line runs through the middle of
the anisotropic disk, in which the myosin filaments are linked
to each other by myomesin and C-protein (Fig. 4, 5).

In addition to myofibrils, mitochondria and sarcoplasmic
reticulum are well developed in the sarcoplasm.

The sarcoplasmic reticulum is a modified smooth en-
doplasmic reticulum that stores calcium due to the pre-
sence of the calcium-binding protein calsequestrin. The
membrane of the sarcoplasmic reticulum contains integral
proteins that act as calcium pumps. It surrounds each
sarcomere. The sarcoplasmic reticulum is represented by
anastomosing membrane tubules ending in terminal cis-
terns located next to the T-tubules. T-tubules are invagi-
nations of the sarcolemma located between two terminal
cisterns. Together they form a triad. Depolarization waves
pass through the T-tubules to the myofibrils. Dihydropyri-
dine receptors of T-tubules register changes in membrane
potential and activate ryanodine receptors of the sarco-
plasmic reticulum, followed by the release of calcium ions
from the sarcoplasmic reticulum into the sarcoplasm [17].

Muscle contraction mechanism

Muscle contraction is described by the sliding filament
theory. Calcium ions released from the sarcoplasmic reticu-
lum cisterns into the sarcoplasm bind to troponin C, which
causes conformational changes in the troponin-tropomyosin
complex, resulting in the opening of active zones (myosin-
binding zones) on actin molecules. Myosin heads attach to
these zones, then the myosin heads deflect and pull actin
filaments along with them, which penetrate deeper into the
spaces between the myosin filaments. During this process,
ATP bound to the S1 fragment of the myosin molecule is
hydrolyzed. Relaxation of the muscle fiber occurs when the
calcium pump pumps calcium ions from the cytosol into the
sarcoplasmic reticulum system. A decrease in the calcium
concentration in the cytoplasm stimulates the return of tro-
ponin C to its previous conformational state, and the tro-
pomyosin molecule itself to its original position, closing the
active center of the actin molecule [5].
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Muscle fibers are characterized by different contraction
speeds. This may be related to their ultrastructural features,
in particular, the number of mitochondria, the density of
blood capillaries, and the amount of myoglobin. Myoglobin
is an oxygen-binding protein that gives muscle fibers a red-
dish tint, so muscle fibers containing a large amount of myo-
globin are called red. Red fibers are capable of remaining
in a contracted state for a long time. During prolonged mus-
cle contraction, the lumen of blood vessels may be com-
pressed and the transport of oxygen from the blood may
be disrupted. In this case, the oxygen bound by myoglobin
is consumed. Fibers containing significantly less myoglobin
are called white. They exhibit the ability to contract quickly.
In addition, there are intermediate fibers that have the cha-
racteristics of red and white muscle fibers.

Red muscle fibers, in addition to a large amount of myo-
globin, are characterized by a large number of mitochondria
and a low glycogen content. White muscle fibers are cha-
racterized by a low myoglobin content, fewer mitochondria
and a high glycogen content. Intermediate fibers are cha-
racterized by a large amount of myoglobin and mitochondria
and an average glycogen content [14]. Each muscle has its
own unique ratio of muscle fibers.

Regeneration

Regeneration of skeletal muscle tissue is carried out
by satellite cells. The amount of transferrin increases sig-
nificantly in regenerating skeletal muscle. It is assumed that
transferrin and transferrin-dependent growth factor activate
the proliferation of myosatellite cells. There is evidence that

satellite cells themselves are capable of secreting insulin-
like growth factor [7]. Animal experiments have shown that
the basic fibroblast growth factor, AB and BB isoforms of
platelet-derived growth factor, and beta-transforming growth
factor enhance the mitotic activity of satellite cells, and in-
sulin-like growth factors stimulate not only proliferation, but
also their differentiation. The action of growth factors in vari-
ous combinations is a potential mechanism for regulating
the activity of myosatellite cells and can be used in medical
practice [7].

CARDIAC MUSCLE TISSUE

According to histogenetic classification, it belongs to the
coelomic type.

Development

Myocardial precursor cells are detected in the epiblast
on the 16th day of intrauterine development. They are lo-
calized in the cranial end of the primitive streak as part of
the presumptive material of the mesoderm. From there, they
migrate to the middle leaflet and are subsequently located
in the visceral leaflet of the splanchnotome, where they form
the myoepicardial plate. It consists of two cell clusters: the
primary heart field (PHF), which gives rise to the myocar-
dium of the atria, left ventricle and part of the right ventricle,
and the secondary heart field (SHF), which forms part of
the right ventricle, the cardiac conus and the arterial trunk.
The transcription factor NKX2.5 is key to heart develop-
ment. Expression of the NKX2.5 gene is stimulated by bone
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Fig.6. Cardiac muscle tissue. Longitudinal (a) and cross (b) section of myocardium. 1 — nucleus; 2 — intercalated disc [4]
Puc 6.

awck [4]

CeppaeyHasi MbllweyHas TkaHb. MbleyHble BOMOKHA Ha NPOA0NLHOM (a) U nonepeyHoMm (6) paspese. 1 — AAPO; 2 — BCTAaBOYHbIN
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Fig. 7. Intercalated disc at high magnification (1:40 000): 1 —
macula adherens (desmosome); 2 — zonula adherens [4]
Puc. 7. BcTaBouHbIit auck npu 6onbwom yBenuyenuu (1:40 000):

1 — pecmocombl; 2 — onosicbiBarowue gecmMocombl [4]

morphogenetic proteins BMP2 and BMP4 (produced in ad-
jacent endoderm cells and acting in a paracrine manner). In
addition, these morphogenetic proteins stimulate the pro-
duction of fibroblast growth factor FGF8, which, in turn, is
important for the expression of genes for specific cardiac
proteins [11]

Features of the structure of cardiac muscle tissue

The cardiomyocyte acts as a structural and functional
unit of cardiac muscle tissue. Cardiomyocytes are con-
nected to each other, forming fibers. Unlike skeletal muscle
tissue, there is a division into cells inside the cardiac muscle
fiber (Fig. 6).

The contact sites between adjacent cardiomyocytes are
called intercalated discs. Electron micrographs show that the
intercalated disc area is uneven, because cardiomyocytes
form numerous interdigitations connected by connections
such as desmosomes, encircling desmosomes, and gap junc-
tions (Fig. 7). The latter provide ionic communication between
cells, thereby facilitating their combined contraction. Cardiac
muscle fibers actively branch and anastomose.

There are different types of cardiomyocytes — contrac-
tile, atypical, secretory. In this lecture we will talk only about
contractile cardiomyocytes. Typical (contractile) cardiomyo-
cytes are cylindrical cells of different sizes, depending on
their localization (atrial or ventricular); binuclear ones are
often found among them. The nucleus, unlike skeletal mus-
cle fibers, occupies a central position. Cardiomyocytes are
covered with a basal membrane located on top of the sar-
colemma.

The contractile apparatus and the mechanism of mus-
cle contraction are similar to those in skeletal muscle fibers,
but the transverse striation in cardiac muscle fibers is less
pronounced than in skeletal ones, which is due to the pre-
sence of intercellular boundaries within the cardiac muscle
fiber and interdigitations of cardiomyocytes, due to which
isotropic and anisotropic disks of neighboring cells can shift
relative to each other. The sarcoplasmic reticulum is less
developed than in skeletal muscle fiber, and it deposits
calcium ions less actively. T-tubules are well developed in
ventricular cardiomyocytes and poorly developed in atrial
cardiomyocytes.

There are differences between atrial and ventricular car-
diomyocytes. Ventricular ones are thicker and longer, they
have more mitochondria and myofibrils, the sarcoplasmic
reticulum and T-tubules are better developed. In atrial car-
diomyocytes, T-tubules are less pronounced, and in some
cells, caveolae (small invaginations of the sarcolemma) are
found instead of them. But gap junctions are more common
between atrial cardiomyocytes.

Regeneration

The proliferative capacity of cardiomyocytes is ex-
pressed only during the period of intrauterine development
and in the first days after birth. Experiments on rats have
shown that in the first 4 days of postnatal life, a conside-
rable part of cardiomyocytes divides by mitosis — 60%,
during the next few days — only 6-7% [6]. In vivo studies
have shown that in the first 3 days after birth, the number
of cardiomyocytes increases by 68%, but then this figure
drops sharply [6]. Some authors believe that mitosis slows
down in the GO-G1 phase, others — in the G2-M phase
[6]. For a long time, it was believed that cardiac muscle tis-
sue is completely devoid of the ability to regenerate. Later,
it was established that local progenitor cells are present in
all tissues, including the myocardium. However, informa-
tion on the existence and functioning of stem cells in the
organs of the cardiovascular system is still limited [18, 19,
21]. Recent data indicate the presence of a cellular rege-
nerative pool in the myocardium. One type of such cells
are undifferentiated stem cells c-kit+. Committed GATA-4+
cells show an early cardiomyogenic orientation and belong
to the cardiomyoblastic cellular form [24]. However, there
is also an opposite point of view, where the cardiomyo-
genic role of these cells is questioned, since they were
found in granulation tissue, which was subsequently trans-
formed into scar tissue [20]. But even if we consider c-kit+
cells as regional cardiac stem cells, they cannot ensure
full myocardial regeneration, since their content in the
myocardium is insignificant and cannot cover the deficit of
lost cardiomyocytes after injury [12].
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SMOOTH MUSCLE

Such tissue may have different origins depending on
its localization: smooth muscle tissue of vessels and in-
ternal organs differentiates from mesenchyme and, accor-
ding to histogenetic classification, belongs to the visceral
type. Myoepitheliocytes of glands have an ectodermal
origin, this muscle tissue belongs to the epidermal type.
Muscle tissue of the iris of the eyeball belongs to the neu-
ral type, since it differentiates from cells of the neural rudi-
ment (neural crests).

Visceral muscle tissue

Development

The source of development of visceral smooth mus-
cle tissue is the mesenchyme emanating from the visceral
leaf of the splanchnotome. In the dynamics of specific dif-
ferentiation, smooth myocytes (leiomyocytes) go through
the stages of premyoblast, myoblast, differentiating and
differentiated myocytes. In the process of differentiation,
the contractile apparatus develops: the volume density of
filaments and dense bodies increases, the number of vesi-
cles, while the total volume occupied by the components
of the contractile apparatus increases due to a decrease in
the volume occupied by other organelles. In addition, inter-
cellular communications and neuromuscular connections
develop. The processes of specific differentiation do not
block DNA synthesis and cell proliferation for a long time.
In the embryonic period, there is practically no growth of
smooth myocytes, which is explained by their high proli-
ferative activity. At the postnatal stage of histogenesis, the
processes of reproduction and differentiation become in-
compatible under conditions of increasing functional load,
which leads to the exit of the overwhelming majority of
leiomyocytes from the reproductive cycle [8].

Structural features

The smooth myocyte acts as a structural and functional
unit of smooth muscle tissue. Smooth myocytes are spindle-
shaped cells with an oval, relatively large nucleus, located
almost close to each other; between them there are various
connections, the most common of which are gap junctions,
which ensure the transfer of excitation between cells and their
combined contraction. Smooth myocytes can vary in size: the
smallest are located in the walls of small vessels, the largest
form the myometrium. Each smooth myocyte is surrounded
by a sarcolemma and a basal membrane (Fig. 8).

There are two types of smooth myocytes: secretory
and contractile. The main function of secretory myocytes is
protein synthesis, which is why their cytoplasm has well-

developed synthesis organelles (rough endoplasmic reticu-
lum, Golgi apparatus), while their contractile apparatus is
poorly developed. Contractile smooth myocytes specialize
in the contractility function and therefore have a well-deve-
loped contractile apparatus and numerous mitochondria.
Unlike striated muscle fibers, the contractile apparatus here
is represented by actin and myosin myofilaments that do
not form myofibrils. Actin filaments are located mainly along
the long axis of the cell, but can also be located obliquely.
Their ends are fastened to each other and to the sarco-
lemma by dense bodies — cross-linking proteins and con-
tain a-actinin. The same protein is located at the junction
of actin filaments with the telophragm in skeletal muscle
fibers. Actin filaments consist of smooth muscle a-actin
and tropomyosin. Unlike striated muscle fibers, they do not
contain troponin. Myosin in a relaxed smooth myocyte is in
a monomeric form. When a smooth myocyte is stimulated
by a nerve impulse or by the action of neurotransmitters,
hormones and some bioactive substances, calcium chan-
nels open and the concentration of calcium ions in the cy-
toplasm increases. The result is the binding of calcium to
calmodulin, the resulting complex activates myosin light
chain kinase, an enzyme that catalyzes the phosphoryla-
tion of myosin light chains and the subsequent assembly
of myosin filaments, which is a trigger for the formation of
bonds between actin and myosin filaments [8].

The sarcoplasmic reticulum is expressed here less
strongly than in striated muscle fibers and is represented by
narrow tubes. The sarcolemma forms small invaginations,
caveolae, as analogs of T-tubes. The flow of calcium ions
into the sarcolemma from the sarcoplasmic reticulum en-
tails both the polymerization of myosin and its interaction
with actin, which is ensured by the same mechanisms as in
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Fig. 8.

Longitudinal and cross sections of smooth muscle
tissue [4]

Puc. 8. TMpoaonbHbI U nonepeyHbin cpe3bl rNaaKod MbIeYHON
TKaHu [4]
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Puc. 9.

Smooth muscle cell relaxed (a) and constructed (b) [23]

striated muscle fibers (the formation of contacts between
myosin heads and active centers). Then the actin filaments
are drawn in between the myosin ones, the dense bodies
come together, the force is transmitted to the plasma mem-
brane, the cell shortens and twists in a spiral, the areas of
the sarcolemma to which the actin filaments are attached are
drawn in, and the areas located between them bulge, so the
surface of the contracted smooth myocyte is uneven (Fig. 9).
Muscle relaxation occurs when the initial calcium concen-
tration inside the cell is restored by its removal by calcium
pumps. Myosin light chain kinase is inactivated by detaching
from calmodulin, and myosin is dephosphorylated.

Regeneration

Smooth myocytes are rarely found in the intact defini-
tive muscle tissue of vessels and internal organs during
the division process. Proliferative activity of smooth muscle
tissue is manifested in the case of its damage or with an in-
crease in the functional load. The mechanism of regenera-
tion of muscle tissue of vessels and internal organs has not
been fully elucidated. There is evidence that these tissues
contain poorly differentiated cells that can differentiate into
cells capable of entering the mitotic cycle. In addition, in
the case of stimulation, for example as a result of injury,
cambial elements capable of entering the mitotic cycle are
activated. Under the influence of damaging factors, myo-
cytes can transform from a contractile to a synthetic (secre-
tory) phenotype [2].

Muscle tissue of the epidermal type

This tissue is represented by myoepithelial cells, which
are found in the terminal sections and small excretory
ducts of the salivary, sweat and mammary glands. The
cells have processes that cover the secretory cells. The
contractile apparatus of myoepithelial cells is similar to
that of the smooth myocyte system of the visceral type.
Contraction of myoepithelial cells promotes the release of
secretion from the terminal section into the excretory duct.
Numerous studies have shown that myoepithelial cells de-
velop from the same rudiment (ectoderm) as the epithelium
of the glands in which they are found [13, 16]. There is no

b/6

[napgkuit MMoLMT B paccnabneHHoM (a) U B COKpaLLeHHOM cocTosiHuM (6) [23]

unambiguous data in the literature regarding the regenera-
tion of myoepithelial cells. It is possible that it is carried out
due to poorly differentiated epithelial cells of the terminal
sections of the glands.

Muscle tissue of the neural type

The structural and functional unit of this muscle tissue is
a smooth myocyte, which has a similar structure to a leio-
myocyte. A feature of neural myocytes is the inclusion of
melanin in the sarcoplasm. The source of the development
of contractile elements of the muscle that constricts and di-
lates the pupil of the eye of mammals and humans are cells
emanating from the edges of the optic cup. A few studies
have shown low regenerative activity of this muscle tissue
or its absence [7].

CONCLUSION

The tissue type of muscle tissues is distinguished by a
functional feature — they are specialized in contractile func-
tion. At the same time, representatives of this type have dif-
ferent origins, are represented by different tissue elements,
have a number of differences in structure and different re-
generation abilities. Despite the fact that muscle tissues
have been well studied, controversial issues still remain
unresolved, primarily concerning their ability to regenerate.
Actively developing molecular biology will help shed light on
the solution of these issues. Knowledge of the sources of
development, structural features and functioning of muscle
tissues, as well as the processes of their proliferation and dif-
ferentiation is of great importance for making a correct diag-
nosis and choosing the right treatment tactics.
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AOMNOJIHUTENIbHAA NHOOPMALINA

Bknag aBTOpoB. Bce aBTOPbl BHECU CYLLECTBEHHDIN
BKNag B pa3paboTKy KOHLEeNnuuu, NpoBeAeHne nccneoa-
HWS 1 MOArOTOBKY CTaTbM, NPOYY M 0406pUNM UHaANBHYH0
Bepcuto nepen nybnukayyen.

KoHdnukt mHTepecoB. ABTOpbI [eKNapupytT OTCyT-
CTBME SABHbIX U MOTEHUMAnbHbIX KOH(IMKTOB UHTEPECOB,
CBSI3aHHbIX C NybnukaLyen HacTosLen cTaTb.

WUcTouHuk puHaHcmpoBanusa. ABTOpbI 3asBnSOT 06
OTCYTCTBUW BHELUHEr0 (DMHAHCUPOBAHUSA MPU NMPOBEAEHUM
uccnegoBaHms.
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ABNAIOTCA U3OATENBCKUM OTOBOPOM
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Biomedical Research» (ganee no Ttekcty «XypHany), 3aperu-
cTpupoBaHHoro ®epepansHon cryx0boit no Hagsopy B cdepe cBs-
31, WH(OPMALMOHHBIX TEXHOMOTUIA W MAacCOBbIX KOMMYHUKALWIA
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WIN PYKONUCh. YkasaHHbIA aBTOPCKNA OpUrMHan AOIKEH COOTBET-
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pykonucu B XypHany, «OdopmneHue pykonucu». Mpu paccmo-
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B XypHane neyatatoTcs paHee He onybnnkoBaHHble paboTbl No
npodunio XKypHana.

)KypHan He paccmaTpuBaeT paboTbl, pe3ynbTaThl KOTOPbIX MO
Gonblueit yactn yxe Bbinn onybnMKoBaHbl UM ONMCaHbl B CTa-
TbsIX, NPEACTaBMEHHbIX UK NPUHATLIX ANS ny6nukauum B gpyrue
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npuBOAMTLCS C NponucHbix byks (Hanpumep: Sex Differences
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LeCTBNSIETCS BCA AanbHelillas paboTa no NogroToBke CTaTbil B NeYatb.
Bce Bonpockl N0 0TnpaBke CTaTeit MOXHO aipecoBaTh Ha 3MEKTPOHHbIN
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agpec screcenter@mail.ru TexHUIeckoMy peaakTopy xypHana «Russian
Biomedical Research» Mapuu AnekcaHapoBHe MaxoMoBoA.

Pykonuch cuutaeTcss noctynulueir B Pepakuuio, ecnm oHa
npeAcTaBneHa KOMMEKTHO U 0hopMNIeHa B COOTBETCTBUM C OMU-
CaHHbIMKU TpeboBaHuamu. [peaBapnUTeNbHOE PacCMOTPEHNE PYKO-
nucu, He 3akasaHHon Pepakuunen, He sBnsieTcs akToM 3akrove-
HWUS MeXAY CTOpoHaMu u3aatensckoro lorosopa.

Mpu NpeacTaBneHun pykonuck B XKypHan ABTOpbI HECYT OTBETCT-
BEHHOCTb 3@ PackpbiTe CBOWX (PMHAHCOBBIX M APYrUX KOHIMKTHBIX
WHTEPECOB, CNOCOBHbIX OKas3aTb BRMsHWE Ha ux paboty. B pykonucy
LOMKHbI ObITb YNOMSIHYTHI BCE NULIA W OpraHu3aumy, okasasluve du-
HaHCOBYH MOALEPXKKY (B BUAE TPaHTOB, 0BOPYAOBaHNS, NEKAPCTB Ui
BCEro 3T0ro BMECTE), a Takke Apyroe PMHAHCOBOE M fIMYHOE yyacTue.

B KoHue kaxpgoi cTaTbi 06s3aTeNbHO YyKa3blBalTCS BKNafg
aBTOPOB B HanuUcaHue CTaTby, NCTOYHUKM (IMHAHCMPOBaHNS (€Cnn
WMeKTCsl), OTCYTCTBUE KOH(NUKTA MHTEPECOB, HanMyne cornacus
Ha nyBrnuKaLuio co CTOPOHbI NaLMEHTOB.

MpaBuna ocopmnenns craten kK ny6nmkauum

CrtaTtbA NpefocTaBnseTcs B ANEeKTPOHHOMN chopme (hann MS
Word Bepcuu He cTapue 2003, T.e. ¢ paclwmpernem doc), wpndt —
14, vHTEpBan — NONYTOPHbIN.

®ann cratbu HasbiBaeTca no Gamunuu NepsBoro aBTopa, Ha-
npumep, Mearos.doc unu Petrov.doc. Hukakux gpyrux cnoe B Ha-
3BaHWM He JOMKHO ObITh!

OpWeHTMPOBOYHbIE pa3Mepbl CTaTby, BKNOYAs ykasaTenb nu-
Tepatypbl, Tabnuubl u pestome, — 10-12 cTpaHuy TekcTa Yepes
nonTopa uHTEpBana unm 20-25 Teicsy 3HakoB ¢ npobenamu. Peko-
MeHayeMmblin pasmep 063opa — 18-20 cTpaHuML, «MaLLIMHOMUCHOTO»
TekcTa unm 35-40 Tbicay 3HakoB ¢ npobenamu. MpumepHoe Yncno
NnUTepaTypHbIX CCbINOK ANs aKCnepuMeHTanbHon cTaTtbit — 20, Ans
0630poB 1 npobnemHbIx ctatein — 50.

®dain ctaTby JOMKEH codepKaTb

HA PYCCKOM U AHITIMACKOM A3bIKAX:

+  3arnasve (Title) fomkHoO GbITh kpaTkum (He 6onee 120 3Hakos),
TOYHO OTpaXatLLMM CofepKaHne cTaTbu.

« Csegenns o6 asTopax (nybmukytotes). [Ansd Kaxgoro asTopa
YKa3blBAIOTCA: haMunus, UMs U OTYECTBO, MECTO PaboTbl, Mo-
4ToBbIN agpec mecta pabotbl, e-mail, ORCID, SPIN-koa. ®amu-
N aBTOPOB PEKOMEHAYETCS TPaHCMMTEPUPOBaTb Tak Xe, Kak
B npeablaywmx nybnukauusx, umm no cucteme BGN (Board of
Geographic Names), cm. cant http://www.translit.ru.

* Pesiome (Abstract) (1500-2000 3Hakos, unu 200-250 cnos)
noMmeLLaloT nepea TeKCTOM cTaTbk. Pestome He Tpebyetcs npw
nybnukaLmun peLeHanit, 0TYETOB O KOH(EPEHLMSX, MHGopMaLy-
OHHBIX MUCEM.

ABTOpCKOE pe3toMe K CTaTbe SIBMSIETCS OCHOBHBIM UCTOYHMKOM
WHOpMaLMN B OTEYECTBEHHBIX M 3apybexHbIX MH(opmaLm-
OHHbIX cucTeMax W 6as3ax AaHHbIX, UHOEKCUPYIOLLUX XypHan.
Pestome poctynHo Ha caite xypHana «Russian Biomedical
Research» u nHaeKCMpyeTcs CEeTEBLIMI NMOUCKOBLIMM CUCTEMA-
Mu. /3 aHHoTauuM AormkHa ObiTb NOHATHA CyTb UCCMEA0BAHMS,
HYXHO N 0BpaLLaThCs K NOHOMY TEKCTY CTaTby A4S NONyYeHNs

Oonee noppobHON, MHTEpPecyloWwen ero uHcdopmaummn. Pesiome
[OMKHO M3naraTb TONbKO CYLLECTBEHHbIE (aKTbl PaboThbI.
PekomeHayemas CTpykTypa kak aHHOTauuu, Tak W camoil cTa-
o IMRAD (gns opwruHambHbIX UMCCNeAoBaHWA CTPYKTypa
obsizatensHa): BBegeHue (Introduction), matepuansl v MeToabl
(Materials and methods), pesynbtatel (Results), obcyxaeHune
(Discussion), BbiBogb! (Conclusion). Mpeamer, Temy, Lenb pabo-
Tbl HYXHO yKa3blBaTb, €CAIM OHW He ACHbl U3 3arnaBus CTaTby;
MeToZ MMM MeTOLOMOrMio NpoBefeHns paboThl LienecoobpasHo
ONUCHIBATb, ECIN OHW OTNINYAIOTCS HOBU3HOM MMM NPeACTaBNSAT
WHTEpeC C TOYKM 3peHns AaHHoM paboTbl. O6bem TekcTa aB-
TOPCKOroO pe3roMe ONMpeaenseTcs copepxaHueMm nybnukaumm
(obbEMOM CBEAEHWN, UX HAY4YHOW LIEHHOCTHIO M/MNW NpaKTude-
CKUM 3HayeHueMm) n JomkeH ObiTb B npegenax 200-250 cnos
(1500-2000 3HakoB).

+ Knioyesole crnosa (Keywords) ot 3 go 10 knmto4eBbIX CroB Wnu
CMOBOCOYETAHNA U3 2—-4 cnos, koTopble ByayT cnocobcTBOBaTH
nNpaBUNbLHOMY NMEPEKPECTHOMY MHAEKCMPOBAHWIO CTaTbu, NoMe-
LjatoTes nog pesiomMe C nogsaronoBkoM «KniouveBble CroBay.
Vicnonb3yinTe TEPMWHBLI W3 CMIMCKA MEAWMUMHCKUX NpeaMeTHbIX
3aronoskoB (Medical Subject Headings), npueaeHHoro B Index
Medicus (ecnu B 3TOM CnMcKe elje OTCYTCTBYKT MOAXoZsLie
0003HaveHus Ans HeJaBHO BBELEHHbIX TEPMWHOB, nopbepute
Hanbonee 6nuakue 13 umetolmxcs). Kniovesble crosa pasgens-
t0TCA 3ansToN.

« TekcT cTaTb MOXET ObiTb HamucaH nubo Ha pycckom, nubo
Ha aHrmUICKOM fA3blKe, Takke BO3MOXHa nybnukauus ctatbh C
MOMHbIM NepeBogoM. Ha pycckoM M aHrMACKOM si3blkax Heob-
XOAMMO NPEeAOoCTaBUTb BCE PUCYHKM 1 Tabnuubl (3aronosky, Bce
Haanueu, a Takke TekeT Tabnuy A0MKHBI UMETb NEpeBos).

B pasgene «MeTtoauka» 06s3aTeNbHO YKa3blBAOTCA CBEAEHUS O
cTaTucTudeckon obpaboTke aKCNEPUMEHTANbHOTO UMK KNUHUYe-
cKoro maTepuana. EauHULBI n3MepeHns falTest B COOTBETCTBUM
¢ MexpayHapogHoit cuctemon eanHuy — CU. ®amunum uHo-
CTpaHHbIX aBTOPOB, LNUTUPYEMble B TEKCTE PYKOMUCK, NPUBOAAT-
Csl B OPUIMHANBbHOM TPAHCKPUNLMK.

Tabnuubl M PUCYHKM NPUBOAATCS HEMOCPEACTBEHHO B TeNe cTa-
TbW, KaXabI U3 KOTOPbIX UMEET HOMep W Ha3BaHue ¢ obsasaTenb-
HbIMW CCbINIKAMW Ha HUX B TEKCTe CTaTbM — B KOHTEKCTe npef-
NOXeHWs (HanpuMep: «...kak NokasaHo Ha puUcyHke 1...») unu B
KOHLie MPeamnoXeHns B KPyrmbix ckobkax (Hanmpumep: «...BbisiB-
neHa nonoxXuTenbHas KOppensLMOHHas CBA3b YMEPEHHO CTe-
nenm (r=0,41) mexay yposHem TTI maTepy U HOBOPOXAEHHOMO
(pnc. 2)»; npocbba yunTbIBaTh, YTO B NEYATHOI BEPCUN XypHana
puCyHKW ByayT BOCNPOM3BOANTLCS B YepHO-6€MOM BapuaHTe.

+  Cnucok nuTepatypbl 0653aTenbHO NPUBOANTCS B NOPSAKE YNOMU-
HaHws.

TekcT cTaTby JOMmKeH ObITb MOATOTOBMEH B CTPOrOM COOTBETCTBIM
C HaCTOSALLMMM NpaBUnamMu 1 TLLATeNbLHO BbiBEPEH aBTOpoM. B criyyae
0BHapyXeHWs 3HaUNTENBHOTO KONMYECTBa oneyaTok, HebpexHocTex,
NYHKTYaLMOHHBIX 1 opdhorpadmyeckmx owmboK, HepaclngpoBaHHbIX
COKpalLLieHWit, OTCYTCTBUS OCHOBHbIX KOMMOHEHTOB, NEPEBOAOB 3aro-
NOBKOB TabnuLy, NOAPUCYHOYHbIX MOANUCEN, HAAMUCEN Ha PUCYHKaX,
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TeKcTa Tabnuy, 1 Apyrux TEXHUYECKUX AetheKToB 0thopMIIeHIs cTaTen
pefakLys BO3BpaLLAeT cTaThio aBTopy Ans AopaboTkn. Hebonbluve
MorpeLLIHOCTY pefakLms MOXeT UCTpaBUTL cama Be3 cornacoBaHus ¢
aBTOPOM. Pefjakums ocTaBnsieT 3a cOboN NpaBo OCYLECTBREHNS N~
TEpaTypHOro 1 TEXHUYECKOrO PeaKTMPOBaHus CTaTel.

CokpatieHuin, kpome obuieynotpebutensHblx, cnegyet nsbe-
raTb. CokpaLLeHns B Ha3BaHWUN CTaTbi, Ha3BaHUSAX TabNUL, N pUCYH-
KoB, B BbIBOZAX HefonycTumbl. Ecnu ab6pesumatypbl UcnonbayoT-
CS1, TO BCE OHW JOITKHbI ObITh HEMPEMeHHO paclundpoBaHbl MOMHO-
CTbH NpM NEPBOM KX YNOMUHAHUM B TEKCTe (Hanpumep: «Hapsay ¢
AaHHbIMK 0 POH (pe3nayanbHo-0opraHnyeckon HefocTaTouHOCTH),
obycnosnusatoweit passutne KC (runepkMHETUYECKOro CUHAPO-
Ma), pacLUMpeH AuanasoH UCCneLoBaHNA N0 SHAOTEHHO Npupoae
[aHHOTO CUHAPOMaY.

Bce untuposanusa nponssoasaTcs cneaylom obpasom:

®WO aBTOpa, rof 13gaHus 1 npoyas MHPOpMaLMs He yTOMUHAOTCS
B TekcTe. BMeCTo 3T0ro ykasblBaeTcst CCbinka Ha MCTOYHMK NUTepaTypbl
B BUJe HOMepa B kBaapaTHbIX ckobkax (mpumep: «Paa uccneposartenen
OTMEYaeT Pa3fyHbIe HAPYLLEHUS PeyeBbIX (YHKLMIA MPK anunencun B
JeTckom BoapacTte [17, 21, 22].»), KOTOPbI BKMKOYEH B pacCTaBNEHHbIN
B Nopsiake ynomuHaHus (1, 2, 3 ¥ T.4.) CIMCOK UCTOYHWKOB B KOHLIE CTaTbM.

Bce cCbInKu LOMKHBI UMETb COOTBETCTBYHOLLMIA UCTOYHUK B CMU-
CKe, a Kaxbli UCTOYHUK B CINCKE — CCbISIKY B TEKCTE.

B Buae uckmioyeHus B Tekcte moryT npusoanTtbes GUO KkoH-
kpeTHbIX aBTopoB B hopmate N.0. Gamunng, rog n gaxe Hassa-
HWe UCTOYHMKA, HO MpW 3TOM BCe paBHO obsi3aTenbHa ccbinka (B
KBafpaTHbIX CkoBKaX B KOHLE NPEASIOKEHNS) HA UCTOYHNK, BKIHO-
YeHHbI B cnucok nutepartypbl. (Hanpumep: «B 1892 rogy Benukuit
OpacTt lamunbToHCKMI onucan B cBoem 6eccmeptHom Tpyae «O6
OTKPbITUW TPETHErO YXa y YenoBekay TPeTbe (HenapHoe) yxo» [34].)

Nutepatypa (References)

YuutbiBas TpebOBaHWS MeXAYHApOAHbIX CUCTEM LWUTUPOBa-
HWUS, CNNCOK NUTepaTypbl NPUBOANTCS HE TOMNbKO B 0ObIYHOM BUIE,
HO TakXe 1 AONONHUTeNbHO B NepeBeJeHHOM Ha AHTTIUACKNIA A3bIK
(References).

B cTaTbe NpMBOAATCA CCHINKM Ha BCE YNOMUHAEMbIE B TEKCTE
UCTOYHUKN.

damunuy v MHULMansl aBTOPOB B NPUCTATENHOM CMICKE NPUBO-
AATCA B NOPSAKe YNOMUHAHWS.

B onucaHum ykasbiBatoTcs Bce aBTOpbI Ny6nukayuu.

Bubnuorpacmyeckmne cebinkn B TEKCTE CTaTbi JAlOTCA B KBaA-
paTHbIX ckobKax.

Ccbinku Ha Heony6nnkoBaHHble paboTbl He JOMYCKaTCS.

Cnucok nutepaTypbl KOMNNIEKTYETCA B Cneayowem nopsake:

HopmamueHbie akmbi

MMpukasbl, HOpMaTUBHblE aKTbl, METOANYECKME NUCbMA W NpO-
yMe 3aKOHHble aKTbl, MaTeHTbl, NONe3Hble MOAENN He BHOCATCS B
CNUCOK NIUTEpaTypbl, 0hopMnAtOTCS B BULE CHOCOK. CHOCKa — npu-
MeyaHue, NoMeLlaeMoe BHU3Y CTpaHULbl (MOCTPaHWYHas CHocka).
3HaK CHOCKM CTaBaT Uudpoii nocne dparmeHTa OCHOBHOTO TEKCTA,
r4€e ecTb ynoMuHaHue ob aTux UCTo4HMKax. PekomMeHayeTcs CKBO3-
Hasi HyMepawns CHOCOK MO TEeKCTY.

MHmepHem-pecypc

1. UIHTepHeT-pecypc, rae eCTb Has3BaHWE WCTOYHMKA, aBTop,
BHOCMTCS B CMUCOK NIUTepaTypbl (B nopsiake andasuTa) ¢ ykasaHu-
eM faTbl 0bpaLyeHns (CM. Hike npumep ohOpPMAEHMs).

2. Ecnu ecTb TOMbKO CChifka Ha canT, oopmMseTcs noacTpoy-
HOe NpuMeYaHue (CHocka), ¢ ykazaHuem Aatbl obpalleHus.

Lernos /. Hackonbko Benuka ponb MUKpodnopsl B 6ronorum
BNAa-x0351Ha? XKuBble CUCTEMbI: HAaYYHbI 3NEKTPOHHBIN XypHan.
JoctyneH no:  http:/lwww.biorf.ru/catalog.aspx?cat_id=396&d
no=3576 (gata obpaueHus: 02.07.2012).

Kealy M. A., Small R. E., Liamputtong P. Recovery after caesarean
birth: a qualitative study of women’s accounts in Victoria, Australia. BMC
Pregnancy and Childbirth. 2010. Available at: http://www.biomedcentral.
com/1471-2393/10/47/ (accessed: 11.09.2013).

Mpumepbl ochopmneHus nutepaTypsbl

KHuea:

tOpbeB B.K., Monceesa K.E., Mnywierko B.A. OcHoBbI 06LLECTBEH-
HOro 340p0BbA 1 3apaBooxpaHerus. Yuebruk. Cr6.: CneuJlut; 2019.

Hukudopos O.H., pea. CankT-lMeTepbypr B 2021 rogy. CI6.:
lMeTpocTar; 2022.

Brandenburg J.H., Ponti G.S., Worring A.F. eds. Vocal cord
injection with autogenous fat. 3 rd ed. NY:Mosby; 1998.

Domeika M. Diagnosis of genital chlamydial infection in humans
as well as in cattle. Uppsala; 1994.

masa u3 kHueu:

Tytenbsn B.A., Hukutiok 1.6., WapadetanHos X.X. 3noposoe
nUTaHNe — 0CHOBa 340POBOro 06pasa XM3HU U NPOPUNAKTUKN XPo-
HNYECKUX HEWNHMDEKLMOHHBIX 3aboneBaHuit. B kH.: 3gopoBbe moso-
[eXu: HoBble BbI30BbI M nepcnektuebl. T. 3. M.; 2019: 203-227.

Cmambs u3 XypHana:

Kapcatos A.M., MonynuHa H.B., Mornyaes T.K. besonacHocTs na-
LiMeHTOB B xupyprim. YacTb 2: lporpamma MeHedKMeHTa KayecTBa
Xupypriyeckoro nevenus. MeguumuHckue texHonorun. OueHka v Bbl-
Bop. 2019;1(35):56-65. DOI: 10.31556/2219-0678.2019.35.1.056-065.

Brandenburg J.H., Ponti G.S., Worring A.F. Vocal cord injection
with autogenous fat: a long-term magnetic resona. Laryngoscope.
1996;106(2,pt 1):174-80.

Deb S., Campbell B.K., Pincott-Allen C. et al. Quantifying
effect of combined oral contraceptive pill on functional ovarian
reserve as measured by serum anti-Mdllerian hormone and
small antral follicle count using three-dimensional ultrasound.
Ultrasound Obstet Gynecol. 2012;39(5):574-580.

Tesuckl 0oknados, Mamepuarsbi Hay4YHbIX KOHepeHyul:

Mapkosckas W.H., 3aBbsinosa A.H., KysHeuosa 0.B. MukpoGHbii
neisax MmauueHTa MepBOro rofa Xu3HW ¢ aucdarnein, AnuTensHO
Haxogsawerocs B OPUT. XXX KoHrpecc LeTckux racTpo3HTepororos
Poccim u ctpaH CHI™: Tes. gokn. M.; 2023: 29-31.

Canos W.A., MapuHywkuH [1.H. Akywepckas TakTuka npu BHY-
TpuyTpOBHOI MMbenu nnoga. B kH.: MaTepuansi IV Poccuiickoro ¢ho-
pyma «Matb u gutax». Y. 1. M.; 2000; 516-519.

Asmopeghepamsl;

Aswunos A.l0. [leBnauuy nonoponeBoit UAEHTUYHOCTU MYXYWH C
YMCTBEHHOW OTCTanoCTbio B YCMOBUSX MCUXOHEBPONOMMYECKOrO WH-
TepHaTta. AsToped. Auc. ... kaHg. ncuxon. Hayk. C6.; 2021,
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OnucaHue uHmepHem-pecypca:

EctectBeHHoe aBukeHne Hacenenus. Mocksa: Poccrat. [o-
ctyneH no: https://rosstat.gov.ru/folder/12781 (gata obpalyerus:
23.10.2023).

World Health Organization. Prevalence and incidence of selected
sexually transmitted infections — 2008. Geneva: World Health
Organization; 2012. Available at: https://aefsg.ch/wp-content/uploads/
who-9789241503839_eng.pdf (accessed” 11.04.2024)

lMepeBopa u TpaHcnUTepaLyms

B 3aBucumocTy OT cuTyaumu cnegyet nnbo npoBoaUTb TpaHCHu-
Tepauuto (Mncatb UCXOHbIe HeaHrNos3bI4HbIE CoBa byKkBaMM poMaH-
cKoro andaswTa), Moo ykasbiBaTb NEPEBOS, HEAHTNOA3bIYHOM MHGOP-
MaLmu 0 NepBoMCTOYHMKax B References.

Ecnu uuTpyemas ctatba HanucaHa Ha naTUHUUE (Ha aHrui-
CKOM, HEMELKOM, WCMaHCKOM, WTamnbsiHCKOM, (DUHCKOM, AaTCKOM W
ApYrux s3blkax, MCNONb3YHOLLMX POMAHCKMI andasuT), CCbINKy Ha Hee
crenyeT NpUBECTU HA OPUTMHANBHOM A3blke onyBnukoBaHus. Mpumep
(cTaTbs B HOPBEKCKOM XYpHamne Ha HOPBEXKCKOM Si3bIKe):

Ellingsen A.E., Wilhelmsen I. Sykdomsangst blant medisinog jus-
studenter. Tidsskr Nor Laegeforen. 2002;122(8):785-787. (In Norwegian).

Ecnu cTaths HanucaHa He Ha maTUHMUE (Ha Kupunauue, B TOM
YuCne Ha PYCCKOM), HYXHO MPUBECTU OULMarnbHbIA NepeBod Ui
BbINOMHUTL TPAHCMUTEPALMO B POMaHCKMA andasuT. [nsg KHUr He-
00X0aMMO B 3TOM Cryyae MpWBECTU TPaHCMMTEPaLM0 Ha NaTUHMLLY.
B KoHLEe onmucaHus B ckobkax ykasaTb A3bIK N3AaHWS.

Ceblinka Ha UCTOYHUK nuTepaTypbl B References moxet coctosTs og-
HOBPEMEHHO U W3 TPaHCTMTEPUPOBaHHBIX 3nemeHToB (Hanpumep, ®VO
@BTOPOB, Ha3BaHWst XypHAIOB), U 13 NEPEBOAHBIX (Ha3BaHWe NybrnvkaLm).

CraHgapT TpaHcnuTtepaumu. [pu TpaHcnuTepaLun pekoMeHay-
eTcs ucnonb3osath ctaHgapT BSI (British Standard Institute, UK). [ns
TpaHCnMTEPaLWMN TEKCTa B COOTBETCTBUM CO CTaHgapToM BSI moxHo
BOCMOMb30BaThCA ceblnkon hitp://ru.translit.ru/?account=bsi.

®UO0 aBTOpoOB, pegakTopoB. amMunum 1 MHULMArbI BCEX aBTO-
POB Ha naTuHULe CneayeT NPUBOANUTL B CChIMKE Tak, kak OHW AaHbl B
opurvHanbHom nybrvkauuu. Ecnm B opurvHanbHoOM nybnvkauumn yxe
6binu npuBeaeHsl Ha natuHuue OO aBTOPOB, B CChIKE HA CTaTbl
cnepyeT ykasblBaTb MMEHHO 3TOT BapuaHT (HE3aBMUCUMO OT UCMONb30-
BaHHOW CMCTEMbI TPAHCMMTEPaLW B NePBOMCTOYHMKE). ECrin B odm-
LiMarnbHbIX UCTOYHMKAX (Ha CalTe XypHana, B 6a3ax AaHHbIX, B TOM Yi-
cne B eLIBRARY) ®M1O aBTOpoB Ha naTuHuLe He NpUBELEHbI, CneayeT
TPaHCNMTEPUPOBATL UX CAMOCTOSTENBHO NO cTaHAapTy BSI.

HasBanue ny6nukaumun. Ecnu y untupyemonn Bamu pabotsi cy-
LeCTBYET OhuLManbHblii NEPEBOA HA AHTIMACKWA A3bIK UK aHrmo-
A3bI4HbIV BapUaHT Ha3BaHWA (ero cneayeT UckaTb Ha CanTe XypHana,
B 6a3ax gaHHbIX, B ToM yucne B eLIBRARY), cnegyeT ykasaTb MMEHHO
ero. Ecnn B ochuLmanbHbIX MCTOYHWKaX HasBaHue nybrnvkaumm Ha na-
TUHULE HE MPWBELEHO, CreayeT BbINOMHUTL TPAHCIUTEPALMIO B PO-
MaHCKWin andaeuT no ctaHgapty BSI.

Ha3BaHue u3paHua (kypHana). Hekotopble He aHrnos3bluHbIE
Hay4Hble M3OaHus (KypHarbl) UMEKT KPOME Ha3BaHWs Ha POAHOM
A3blke ouLUManbHOE «napannenbHoe» Ha3BaHue Ha aHrMUICKOM (Ha-
npumep, y XypHana «CaxapHblii auabeT» ecTb ouLmansHoe aHrmo-
A3bl4HOe Ha3BaHue «Diabetes Mellitusy»). Takum obpasom, ans cnucka
References B ccbinke Ha CTaTbio 3 PYCCKOSA3bIYHOTO XypHana cneayeT

yKkasaTb nubo TpaHCNMTEPUPOBaHHOE Ha3BaHMe XypHana, mbo nepe-
BoAHoe. [NepeBoaHOE Ha3BaHME XypHana MOXHO B3sTb n1bo ¢ oduum-
anbHOro caiTa XypHana (Unn UCnonb3oBaTb AaHHbIE O MPaBUITbHOM
HanUCaHUM aHrNOA3bIYHOTO Ha3BaHWs W3 LUTUPYEMON cTaTbi), nbo
npoBepuTL ero Hanuune B 6ase gaHHbIX, Hanpumep B CAS Source
Index, 6ubnuoteke WorldCat nnm katanore Web of Science (ISl), ka-
Tanore HassaHuit 6asbl gaHHbIX MedLine (NLM Catalog). B cnyuae,
KOrzia y JypHana HeT oh1LManbHOro Ha3BaHUs Ha aHITUACKOM S13bIKe,
B References HyxHo npueoauTs TpaHcnuTepaumio no cucteme BSI. He
crnefyeT camoCTosATeNbHO NEPEBOAUTL Ha3BaHWS XypHaNoB.

MecTo n3ganus. MecTo usgaHus B cCbinkax Bceraa cnegyer yka-
3blBaTh Ha AHITIMIACKOM $i3bIKe 1 MOHOCTbI0 — He B TPaHCIUTepaLum
1 6e3 cokpatermin. To ectb Moscow, a He «Moskvay n He «M.:», Saint
Petersburg, a He «Sankt Peterburg» n He «SPby.

HasBanue uspatenbctBa/msgartens. B otnuume o1 mecTa usga-
HUs,, Ha3BaHue 3aaTenbCcTBa Ans ceblok B References cnepyer Tonbko
TPaHCMUTEPMPOBATB (3a UCKIOYEHNEM KpaiiHe PeAKUX CTyYaeB Hanmums
Yy n3gaTens napannensbHoro 0hMLManNbHOMO aHroA3bIYHONO Ha3BaHus).

Mpumepbl nepeBoAa PyccKOA3bIYHbIX UCTOYHUKOB NUTE-
paTypbl ANA aHINOA3bIYHOIO 6110Ka cTaTby

KHuea:

Yuriev V.K., Moiseeva K.E., Glushchenko V.A. Fundamentals of
public health and healthcare. Textbook. Saint Petersburg: SpetsLit;
2019. (In Russian).

Nikiforov O.N., ed. Saint Petersburg in 2021. Saint Petersburg:
Petrostat; 2022. (In Russian).

[naea u3 kHueu:

Tutelyan V.A., Nikityuk D.B., Sharafetdinov Kh.Kh. Healthy
nutrition is the basis of a healthy lifestyle and the prevention of chronic
non-communicable diseases. In: Youth health: new challenges and
prospects. T. 3. Moscow; 2019: 203-227. (In Russian).

Cmamesi u3 XypHana:

Karsanov A.M., Polunina N.V., Gogichaev T.K. Patient safety in
surgery. Part 2: Quality management program for surgical treatment.
Medical technologies. Evaluation and selection. 2019;1(35):56-65.
DOI: 10.31556/2219-0678.2019.35.1.056-065. (In Russian).

Te3ucb! doknados, Mamepuasb! Hay4YHbIX KOHGEePEHYUU:

Markovskaya |.N., Zavyalova A.N., Kuznetsova Yu.V. Microbial
landscape of a patient in the first year of life with dysphagia who
has been in the ICU for a long time. XXX Congress of pediatric
gastroenterologists of Russia and the CIS countries: abstract. report.
Moscow; 2023: 29-31.

Salov I.A., Marinushkin D.N. Obstetric tactics in intrauterine fetal
death. In: Materialy IV Rossiyskogo foruma “Mat’ i ditya”. Part 1:
Moscow; 2000; 516-519. (In Russian).

Asmopecepamel:

Avilov A.Yu. Deviations of gender role identity of men with mental
retardation in a psychoneurological boarding school. PhD thesis.
Saint Petersburg; 2021. (In Russian).

OnucaHue uHmepHem-pecypca:

Natural population movement. Moscow: Rosstat. Available at:
https://rosstat.gov.ru/folder/12781 (accessed: 10/23/2023). (In Russian).

Kealy MAA., Small R.E., Liamputtong P. Recovery after
caesarean birth; a qualitative study of women’s accounts in Victoria,
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Australia. BMC Pregnancy and Childbirth. 2010. Available at: http:/
www.biomedcentral.com/1471-2393/10/47/ (accessed: 11.09.2013).
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OTBETCTBEHHOCTb 3A MPABWUINbHOCTb BUBIUOIPA-
OUYECKUX OAHHBIX HECET ABTOP.

ABTOPCKOE NPABO
Pepakuus oTb1paeT, rotoBuT K nybnvkawuy 1 nybnukyeT nepeaat-

Hble ABTOpamu MaTepuanbl. ABTOPCKOE NpaBo Ha KOHKPETHYHO CTaThbio

NpUHaANEXUT aBTopam CTaTbu. ABTOPCKWUA roHOpap 3a nybnukauum

ctatelt B XXypHane He Bbinnayusaetcs. ABTOp nepeaaeT, a Pefakums

MPUHMMAET aBTOPCKIMEe MaTepuarbl Ha CreayHLLMX YCIOBUSIX:

1) Pepakuuu nepefaetcs npaBo Ha odopmieHne, U3gaHue, nepe-
pavy XypHana ¢ ony6nukoBaHHbIM MaTepuanom ABTopa Ans Le-
nen pecdhepupoBaHus cTateit U3 Hero B PechepaTBHOM XypHane
BUHWTW, PHUL n 6a3ax aaHHbIX, pacnpocTpaHerne XypHana/
aBTOPCKMX MaTepuaroB B NeYaTHbIX W ANEKTPOHHBIX U3AaHUsX,
BKMIOYas pa3MelLieHne Ha BblbpaHHbIX Nubo co3faHHbIX Pepak-

Luelt caiitax B ceTv VIHTepHeT B Lensx JocTyna k nybnukauum
B MHTEPAKTUBHOM pexume Moboro 3anHTepecoBaHHOro nnua u3
noboro Mecta v B Nioboe Bpems, a TakKe Ha pacnpocTpaHeHue
YKypHana ¢ onybnukoBaHHbIM MaTepuanom ABTOpa No MOAMMCKE;

2) TeppuTOpws, Ha KOTOPOI pa3peLlaeTcs UCroNb30BaTb aBTOPCKMIA
maTtepuan, — Poccuiickas ®egepaums u cetb VIHTEpHET;

3) cpok geiictus [lorosopa — 5 net. Mo UCTeYEHUM yKasaHHOro
cpoka Pepakuus octaBnsieT 3a coboit, a ABTOp NoLTBepkAaeT
BeccpoyHoe npaBo Pepakuuy Ha npogomkeHne pasmelyeHuns
aBTOPCKOro MaTepuana B ceTu VIHTepHeT;

4) Pepakuns BnpaBe no CBOEMY YCMOTPEHMI0 Be3 kakux-nbo co-
rnacosaHuit ¢ ABTOPOM 3aknioyaTb AOrOBOPbI U COrMaLleHus ¢
TPETbUMU NULAMU, HanpaBneHHbIe Ha AONOMNHUTENbHbIE MEPbI
no 3aLynTe aBTOPCKUX 1 M3AATENbCKUX NPaB;

5) ABTOp rapaHTMpyeT, 4TO Mcnonb3oBaHWe Pepakuuen npego-
CTaBIIEHHOro UM Mo HacTosiemMy [loroBopy aBTOPCKOro MaTte-
puana He HapyLMT NpaB TPETbUX NNL;

6) ABTOp oCTaBnsieT 3a cob0 NpaBo MCMONb30BaTh NPeAOCTaBMEH-
HbIA N0 HacTosieMy [loroBopy aBTOPCKWIA MaTepuan camocTos-
TENbHO, NepeAaBaTh Npasa Ha Hero no A0roBOPY TPETLUM LM,
€Cnu 3T0 He NPOTMBOPEYUT HacTosemy [loroopy;

7) Pepgakumsa npegoctasnset ABTOpy BO3MOXHOCTb 6e3B03Me3a-
HOrO MONyYeHUs CNPaBKM C ANEKTPOHHLIMU aapecamu ero ogu-
LUnanbHoi nybnukauum B cetn MHTepHeT;

8) npw nepeneyatke cTaTby UMK €€ YaCTK CCbiNka Ha NepPBYyio My-
Gnukauuio B XypHane obs3atenbHa.

NOPANOK 3AKIIOYEHUA OOrOBOPA
3akntoyeHnem [lorosopa €O CTOpPOHbI Pepakuun sBnsetcs

ony6nukoBaHue pykonucu AaHHoro AsTopa B XypHane «Russian

Biomedical Research» n pasamelieHue ero Tekcta B cetn MHTepHeT.

3akntoueHnem [lorosopa co CTOpoHbI ABTOpa, T.6. NOMNHbIM 1 6e30ro-

BOPOYHbIM NpUHSATUEM ABTOPOM yCcnoBuit [loroBopa, SBnsieTcs nepe-

Aava ABTOPOM PYKOMUCK U SKCMIEPTHOTO 3aKMIOYEHMS.

PELIEH3UPOBAHUE
CraTbM, MoCTynUBLLIME B pefakumio, 0653aTeNbHO peLeH3upy-

totcs. Ecnuy peuieH3eHTa BO3HWKAKT BONPOCHI, TO CTaTbs C KOMMEH-

TapusMK pelieH3eHTa Bo3spallaeTca AsTopy. [laToi noctynnexus

cTaTbW cuuTaeTcs Aata nomnyyeHus Pefakuuei OKOHYaTenbHOTO

BapuaHTa ctaTbn. Pefakums ocTaBnsieT 3a coboil npaBo BHECEHNS

PefakTOPCKMX U3MEHEHNI B TEKCT, HE UCKaXaILLMX CMbICTa CTaTby

(NuTepaTypHas v TexHonoruyeckas npaeka).

ABTOPCKWE 3K3EMMNAPLI XXYPHANA
Pepakupns o6s3yetcs Bbigath ABTOpY 1 ak3emnnsap YKypHana Ha ka-

KOy OnyBNUKOBAHHYH CTaTbIO BHE 3aBUCMMOCTY OT YMCia aBTOpoB. AB-

TOpbI, NpoxvBatoLLye B CaHkT-MNeTepbypre, nonyyatoT aBTOPCKUN 3K3EM-

nnsp XypHana HenocpefcTeeHHo B Pegakuyvm. MHoropogHum AsTopam

aBTOPCKWI 3k3emMnnsp YKypHara BbIChbINaeTcs Ha agpec aBTopa no 3anpo-

Cy OT aBTOpa. OK3EMMNISIPbI CELBbINYCKOB He OTNPABNSHOTCS aBTopaMm.

AQPEC PEOAKLMN
194100, Cankt-MNeTepbypr, JlutoBckas yn., 2
e-mail: scrcenter@mail.ru
Cantbl xypHana: http://lwww.gpmu.org/science/pediatrics-

magazine/Russian_Biomedical_Research, https://ojs3.gpmu.org/

index.php/biomedical-research
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W3AATEJIbCTBO NEAUATPUHECKOI0 YHUBEPCUTETA
NPEACTABIAET

PykoBOICTBO N0 NefnaTpum.
O®TANIbMOJIOTUA AETCKOI0 BO3PACTA

Peoaxyuonnas xonnecusa moma: /[.0. Heanos, B.B. bpoceckuii

Tom 11 «PykoBojcTBa mo menuaTpuu» OTPa’KaeT COBPEMEHHBIN
YPOBEHb Pa3BUTHS OPTAIBMOIIOTHU JETCKOro Bo3pacta. Kuura co-
JEPKUT aKTyalbHYI0 WHPOPMALHMIO O COBPEMEHHBIX METOJaxX gua-
THOCTHUKH U JICUCHUS 3a00JieBaHuH Ti1a3 y aeteil. OTaenbHbIe pa3aeibl
MOCBAIIEHBl KIMHUYECKUM PEKOMEHJAIUAM MO0 OCHOBHBIM CHHJIPO-
MaM ¥ 3a00JIeBaHUSIM.

Wznanue npegHazHauyeHo oranbMoioram, MeanaTpaM u IpeacTa-
BUTENSAM JAPYTUX MEAMIMHCKUX TUCIUIUIMH, a TakXke CTyJIeHTaM
CTapIINX KypCOB MEIUIIMHCKHUX BY30B.

Tom 11

OdTasrbMoAOrus
AETCKOro Bospacrta

TBepplii eperuier, IBeTHbIE WILTIOCTPalnd, 344 CTpaHUIIbL.

[Ipuobpectu n3naHue MOKHO B MUHTEpHET-MarasuHe JIaOupuHT:
https://www.labirint.ru/books/877706/

PykoBofCTBO N0 nefuaTpum.
HEBPOJIOTNA U NCUXUATPUSA OETCKOIro BO3PACTA

Peoaxyuonnas xonnecusa moma: /[.0. Heanos, B.HU. I'yzesa, C.B. I peuansiii

Tom 9 «PykoBozmcTBa Mo meAMaTpum» OTPakaeT COBPEMEHHBIN
YPOBEHb pPa3BUTHUS HEBPOJOTHU W TICHXUATPUU JETCKOTO BO3pPAaCTa.
Kaura conepxut akTyaiabHyr0 HH(GOPMAIMIO O COBPEMEHHBIX METO-
Jlax AMarHOCTUKH U JIeUeHUs 3a001eBaHI HEPBHOW CHUCTEMBI U TICH-
XUYECKUX paccTpoiricTBax. OTaenpHbIe pa3aebl MOCBAIIEHB KIWHA-
YeCKUM PEKOMEH/IAllMAM 110 OCHOBHBIM CHHJpOMaM U 3a00JIeBaHUSAM.

PykoBoACTBO mpenHa3HauYEHO HEBPOJIOTaM, HEHPOXHUpypram, Mcu-
XuarpaM, TICHUXOTepaneBTaM U TPEACTABUTEISAM APYTUX MEIHUIIHH-
CKHX JTMCIUIUINH, a TAKXKE CTYJACHTAM CTapIINX KYPCOB MEIUITMHCKUX
BY30B.

Tom 9

HeBpOAOFVIiI N ncuxmaTpus
AETCKOro sospacra

Tsepasiii meperutet, 288 cTpaHu.

[Tpuobpectu n3naHne MOKHO B MUHTEpHET-MarasuHe JIaOupuHT:
https://www.labirint.ru/books/877707/




W3AATEJIbCTBO NEAUATPUHECKOI0 YHUBEPCUTETA
NPEACTABNAET

OPTONEAWYECKAAA CTOMATONOIUA. NPOTE3UPOBAHUE
HECLEMHbIMW KOHCTPYKLMAMMW 3YBHbIX NPOTE30B

M. @. Cyxapes, C. b. Quwes, M. I Pooickosa

Y4eOHHK COOTBETCTBYEeT mporpamme MUHHUCTEpCTBA 37paBo-
oxpaneHust Poccuiickoii @enepauuu 0o opToONEeIUuUYeCcKOr cTOMa-
TOJIOTHH, TPEAHA3HAUCH U Oy/IeT MOJIe3HBIM JIJIS MIPenojiaBaTeliei
KYpPCOB U CTOMATOJIOTMYECKUX Kadeap, CTYJSHTOB CTOMATOJIOTH-
4eCcKHuX (PaKyabTeTOB, OPJUHATOPOB, aCIIUPAHTOB, Bpauel-CTOMa-
TOJIOTOB.

ABTOpBI OyIyT MPU3HATEIBHBI 32 KPUTUYCCKHE 3aMEUYaHUs U
gs:’fv:v JOMOJIHCHUS.

OPTONEAWYECKAS CTOMATOJIOTUA. TBepaplii neperier, UBETHbIE ILTIOCTpalud, 464 cTpaHUIIbL.
NPOTE3UPOBAHUE HECHEMHBIMU
KOHCTPYKLMAMM 3YBHbIX NPOTE30B

V4eGHVK ANs MEANLIMHCKIX BY30B

Canxr-Merepbypr, 2021

[IpnobpecTu u3ganme MOXKHO B MHTEpHET-Mara3uHe JIabupuHr:
https://www.labirint.ru/books/877708/

MATOJNIOTMYECKAS! AHATOMMS. OBLLNIA KYPC

PA. Hacwipos, /1.0. Heanos, H.- M. Anuuxos, E.FO. Karnununa

B ofmeM kypce maronorndeckoil aHaTOMUHU (KJIMHHYECKOU
maToMop(oIOTHH) pacCMOTPEHBI BOMPOCH OOIIECH MaTOJOTHYE-
CKOW aHATOMHUU: METOABI MCCIEOBAHNS B MMATOMOP(OIOTHH, TI0-
BpeXJICHHE W THOENh KJIETOK M TKaHEH, B TOM YIHCIIe CTapeHue;
P.A. HACBIPOB, 1.0. UBAHOB, HapyuicHus Kp0B006paI_ueHI/I$I 1 UHBIX CpEO OpraHui3Ma, BoCrajec-
SR B R HHeE, perapanusi ¥ pereHepanus, 3a)KUBICHIE paH, IMMYyHHas I1a-
NATONOTVMYECKAS TOJIOTHSI, aJanTaIus, MaToJIOTHs POCTa KIETOK U UX AuddepeH-
[IMPOBKH, OTMYXOJH, TeHETHYeCKHe 3a00JeBaHuUs, YICHHE O JTha-
AH‘“:anI THO3€ B TIATOJIOTHYECKON aHATOMUH, MaTOJIOTHS U (DaKTOPBI OKPY-
QI BARE JKaroIei Cpesl, IaToJI0T s, BEI3BAHHAS TUTAHNEM, KOHCTATAIINS
s LHUSSE  CMEPTH U 1.

Y4eOHHUK paccunWTaH Ha CTYIACHTOB-MEIMKOB Bcex (haxympre-
TOB, a TaKXXe Ha Bpauei, HMHTEPECYIOIMXCS BOMPOCcaMH oOmei
[1aTOJIOTMYECKON aHATOMUH.

TBepaplii epensieT, BETHbIE WiuTtocTpanuu, 280 cTpaHuil.

[TproOpecTu U31aHNEe MOXKHO B MHTEpHET-Marasuse JIabupuHT:
https://www.labirint.ru/books/777658/
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