ACTA
BIOMEDICA o5
SCIENTIFICA






ACTA .
BIOMEDICA "
SCIENTIFICA



Chief Editor
Kolesnikov S.I., Member of the RAS (Russia, Irkutsk — Moscow)

Deputy Chief Editor
Rychkova L.V., Corresponding Member of RAS (Russia, Irkutsk)
Sorokovikov V.A., Dr. Sc. (Med.), Professor (Russia, Irkutsk)
Sychev D.A., Member of RAS (Russia, Moscow)
Shchuko A.G., Dr. Sc. (Med.), Professor (Russia, Irkutsk)
Executive secretary
Zhovklaya N.A. (Russia, Irkutsk)
Editorial board
Al-Jefout M., MD, Professor (Jordan, Karak)
Balakhonov S.V.,, Dr. Sc. (Med.), Professor (Russia, Irkutsk)
Grigoryev E.G., Corresponding Member of RAS (Russia, Irkutsk)
Grzhibovskii A.M., Dr. Sc. (Med.), Professor (Russia, Arkhangelsk)
Kolesnikova L.I., Member of RAS (Russia, Irkutsk)
Madaeva .M., Dr. Sc. (Med.) (Russia, Irkutsk)
Malov L.V., Dr. Sc. (Med.), Professor (Russia, Irkutsk)
Nikitenko L.L., Dr. Sc. (Biol.) (UK, Oxford)
Nyamdavaa K., Member of Mongolian Academy of Sciences (Mongolia, Ulaanbaatar)
Savilov E.D., Dr. Sc. (Med.), Professor (Russia, Irkutsk)
Semenova N.V,, Dr. Sc. (Biol.) (Russia, Irkutsk)
Khavinson V.Kh., Member of RAS (Russia, Saint Petersburg)
Shprakh V.V., Dr. Sc. (Med.), Professor (Russia, Irkutsk)
lureva T.N., Dr. Sc. (Med.), Professor (Russia, Irkutsk)
Yanagihara R., MD, Professor (USA, Hawaii)

Editorial Council

Aizman R., Dr. Sc. (Biol.) (Russia, Novosibirsk); Atshabar B.B., Dr. Sc. (Med.), Professor (Kazakhstan, Almaty); Belokrinitskaya T.E., Dr. Sc. (Med.),
Professor (Russia, Chita); Bokhan N.A., Member of RAS (Russia, Tomsk); Byvaltsev V.A., Dr. Sc. (Med.), Professor (Russia, Irkutsk); Danchinova G.A.,
Dr. Sc. (Biol.) (Russia, Irkutsk); Dubrovina V.I., Dr. Sc. (Biol.) (Russia, Irkutsk); Dygai A.M., Member of RAS (Russia, Tomsk); Zaborovsky A.V., Dr. Sc.
(Med.) (Russia, Moscow); Kovrov G.V., Dr. Sc. (Med.) (Russia, Moscow); Kolosov V.P, Member of RAS (Russia, Blagoveshchensk); Kolosova N.G., Dr. Sc.
(Biol.), Professor (Russia, Novosibirsk); Konstantinov Yu.M., Dr. Sc. (Biol.), Professor (Russia, Irkutsk); Krivoshapkin A.L., Corresponding Member
of RAS (Russia, Moscow); Kudlay D.A., Corresponding Member of RAS (Russia, Moscow); Makarov L.M., Dr. Sc. (Med.), Professor (Russia, Moscow);
MalyshevV.V., Dr.Sc. (Med.), Professor (Russia, Kaliningrad); Manchouk V.T., Corresponding Member of RAS (Russia, Krasnoyarsk); Maskin S.S., Dr. Sc.
(Med.), Professor (Russia, Volgograd); Ogarkov O.B., Dr. Sc. (Med.) (Russia, Irkutsk); Osipov A.N., Corresponding Member of RAS (Russia, Moscow)
Osipova E.V,, Dr. Sc. (Biol.), Professor (Russia, Irkutsk); Petrova A.G., Dr. Sc. (Med.), Professor (Russia, Irkutsk); Plekhanov A.N., Dr. Sc. (Med.) (Russia,
Ulan-Ude); Pogodina A.V., Dr.Sc.(Med.) (Russia, Irkutsk); Protopopova N.V., Dr.Sc. (Med.), Professor (Russia, Irkutsk); Savchenkov M.F., Member of RAS
(Russia, Irkutsk); Suturina L.V, Dr. Sc. (Med.), Professor (Russia, Irkutsk); Sergelen O,, Dr. Sc. (Med.), Professor (Mongolia, Ulaanbaatar); Uvarova E.V.,
Dr. Sc. (Med.), Professor (Russia, Moscow); Khokhlov A.L., Corresponding Member of RAS (Russia, Yaroslavl); Epshtein O.l., Corresponding Member
of RAS (Russia, Moscow); Yang Yonghong, Foreign Member of RAS (China, Beijing).

The authors of the published articles account for choice and accuracy of the presented facts, quotations, historical data and other information;
the authors are also responsible for not presenting data which are not meant for open publication.

Authors and the Editorial Board’s opinions may not coincide.

Address of publisher and editorial board: SC FHHRP. 16 Timiryazev str., Irkutsk, Russia, 664003
Ten.: (3952) 20-90-48
http://actabiomedica.ru E-mail: journalirk@gmail.com

Acta Biomedica Scientifica is registered in Federal Service of Supervision in communication sphere, information technologies and
mass media (ROSKOMNADZOR). Certificate of Mass Media Registration — PI No FS 77-69383 from 06 April 2017.

Previous title changed after April 2017 - «Bulletin of Eastern-Siberian Scientific Center of Siberian Branch of the Russian Academy
of Medical Sciences».

Acta Biomedica Scientifica has been founded in 1993.

Co-founders - Scientific Centre for Family Health and Human Reproduction Problems (16 Timiryazev str., Irkutsk, Russia, 664003), Irkutsk
Scientific Centre of Surgery and Traumatology (1 Bortsov Revolyutsii str., Irkutsk, Russia, 664003), S. Fyodorov Eye Microsurgery Federal State
Institution (59A Beskudnikovskiy blvd, Moscow, 127486).

Acta Biomedica Scientifica is in Abstract Journal and Data base of All-Russian Institute of Scientific and Technical Information. Information
about our journal is published in Ulrich’s Periodicals Directory. The journal is indexed in Russian Science Citation Index (Russian platform),
Scopus, DOAJ, etc.

Acta Biomedica Scientifica is included in «List of Russian reviewed scientific periodicals where main scientific results of dissertations
for a degree of Candidate and Doctor of Science should be published».

Subscription index is 24347 in Russia. Open price

ISSN 2541-9420 (Print)
ISSN 2587-9596 (Online)

Key title: Acta Biomedica Scientifica

© Scientific Centre for Family Health and Human Reproduction Problems, 2025 r.
© Compart perfomed by Publishing Department of ISCST, 2025 .



ACTA .,
BIOMEDICA "
SCIENTIFICA



TnaBHbI pegakTop
KonecHukos C.M., akagemuk PAH (PO, ipkyTck — MockBa)

3am. rnaBHOro pefakropa
PblukoBa J1.B., unen-kopp. PAH (PO, pkyTcK)
CopokoBuKos B.A., o.M.H., npodeccop (PO, NpKyTck)
Coiués [.A., akagemuk PAH (PO, Mocksa)
Lyko A.l., a.m.H., npodeccop (PO, NpkyTck)

OTBeTCTBEHHbI ceKpeTapb
MKosknasa H.A. (PO, VpkyTck)

PepakunoHHas Konneruns
Anb-IxedyT M., pokTop MeanuuHbl, npodeccop (Mopaanua, Kapak)
BanaxoHos C.B., A.M.H., npodeccop (PO, UpKyTcK)
lpuropbes E.I., uneH-kopp. PAH (PO, VipKyTcK)
oxunbosckuii A.M., A.M.H., npodeccop (PO, ApxaHrenbck)
Konechukosa J1.., akagemuk PAH (PO, MpkyTck)
Magaesa /.M., g.M.H. (PO, NpKyTcK)
Manos 1.B., a.m.H., npodeccop (PO, NpKyTcK)
HuknteHko J1J1., A.6.H. (BennkobputaHusa, Okcdopa)
Hampagaa K., akafeMuk MOHronbckom akaieMumn MmefuUmnHCKNX Hayk (MoHronus, Ynan-batop)
Casunos E.Jl., a.M.H., npodeccop (PD, NpKyTck)
CeméHoBa H.B., a.6.H. (PO, VipKkyTcK)
XaBuHcoH B.X., akagemuk PAH (P®, CaHkT-TeTtepbypr)
LWnpax B.B., a.M.H., npodeccop (PO, NpkyTck)
fOpbeBa T.H., A.M.H., npodeccop (PO, UpkyTcK)
flnarnxapa P, pokTop Hayk, npodeccop (CLUA, faBain)

PepakuMoOHHbIN cOBET

AnsmaH PWU., 0.6.H. (P®, Hosocubupck); Atwabap b.b., o.M.H., npodeccop (KasaxcmaH, Aamamel); benokpununukas T.E., o.M.H., npodeccop (PO,
Yuma); BoxaH H.A., akapemuk PAH (P®, Tomck); bbiBanbueB B.A., a.m.H., npodeccop (PO, Mpkymck); OaHnunHoBa TA., A.6.H. (P®, Mpkymck);
Lly6posuHa B.W., p.6.H. (PO, Mipkymck); Obiran A.M., akagemuk PAH (P®, Tomck); 3aboposckuin A.B., a.M.H. (PO, Mocksa); Kospos I.B., o.m.H. (PO,
Mockga); Konocos B.I., akagemuk PAH (PQ, bnazoseweHck); Konocosa H.I,, A.6.H., npodeccop (P®, Hosocubupck); KoHcTaHTuHoB H0.M., A.6.H.,
npodeccop (PO, Mpkymck); Kpnsowankux AJl., unen-kopp. PAH (P®, Mockea); Kypnan [.A., unen-kopp. PAH (P®, Mockea); Makapos J1.M.,
A.M.H., npodeccop (PO, Mocksa); Manbiwes B.B., A.M.H.,, npodeccop (PO, KanuHuHepad); MaHuyk B.T., uneH-kopp. PAH (P®, KpacHoAapck);
Mackun C.C., .M.H., npodeccop (PO, Bonzozpad); Orapkos O.b., a.M.H. (PO, Mpkymck); Ocnos A.H., unen-kopp. PAH (P®, Mocksa); Ocnosa E.B.,
0.6.H., npodeccop (PO, Mpkymck); MeTtposa AL, A.M.H., npodeccop (PO, Mipkymck); MnexaHos A.H., a.M.H. (PO, YnaH-Y03); MoroanHa A.B., A.M.H.
(P®, Mpkymck); MpoTononosa H.B., a.m.H., npodeccop (PO, Mpkymck); CaBueHkoB M.®., akapemunk PAH (P®, Mpkymck); CytypuHa J1.B., o.M.H.,
npodeccop (PO, pkymck); CapransH O., A.M.H. npodeccop (MoHeonus, YnaH-bamop); YBaposa E.B., a.M.H., npodeccop (PO, Mocksa); Xoxsos AJ1.,
uneH-kopp. PAH (PO, pocnaeny); dnwteiin O.., unen-kopp. PAH (PO, Mockea); AHr VIoHrXoHT, MHOCTpaHHbiit uneH PAH (Kumadi, MekuH).

ABTOpr OI'Iy6J'IVIKOBaHHbIX mMaTepunanoB HECYT OTBETCTBEHHOCTb 3a I'IO,D,60p N TOYHOCTb I'IpVIBe,D,éHHbIX d)aKTOB, LnTaT, CTaTuCTUYeCKNX aHHbIX
n npoynx CBefieHWI, a TakXe 3a To, YTO B MaTepuranax He CoOAePXKUTCA AaHHbIX, HE noaneXxalmnx OTKprTOI‘/'I ny6n|/|KaLu/||/|.

MHeHune aBTOpPa MOXeT He coBMNajaTb C MHEHMEM peaKunn.

Appec nspatena n pegakunmn: 664003, r. UpkyTck, yn. Tumupsasesa, 16. ®F'6HY HL, N3CPY
Ten.: (3952) 20-90-48
http://actabiomedica.ru E-mail: journalirk@gmail.com

KypHan «Acta Biomedica Scientifica» 3apeructprposaH B OefiepanbHoli cny»x6e no Hagopy B cd epe cBA3N, MHPOPMALMOHHDBIX TEX-
HOJNIOTMI N MaccoBblx KoMmMyHuKaumii (POCKOMHA30P). Ceupetensbcto o peructpauun CMU - M N2 OC 77-69383 ot 06 anpensa
2017 .

[o anpens 2017 r. xxypHan nmen Ha3BaHue «bonneteHb BoctouHo-CnbMpCKoro HayyHoro LeHTpa Cnbupckoro otaenexnms Poccnin-
cKkol AKkageMmm MeanumHCKnx HayK» (bronnetenb BCHL, CO PAMH). OcHoBaH B 1993 rogay.

Coyupedumenu — MedepanbHoe 20cydapcmeeHHoe 6100xemHoe Hay4Hoe yypexoeHue «HayyHell yeHmp npobiem 300po8bA ceMbU U pe-
npodykyuu Yenoseka» (DIbHY HL| M3CPY) (664003, ipkymckas 06:., 2. ipkymck, yn. Tumupssesa, 0. 16), ®edepasnbHoe 20cyoapcmeeHHoe
6r00emHoe Hay4Hoe yupexoeHue <Vpkymckul Hay4HbIl yeHmp xupypeuu u mpasmamosnoauu» (MHLIXT) (664003, Vipkymckas o611, 2. Mipkymck,
yn. bopuos Pesontoyuu, 0. 1), ®edepanbHoe 20cydapcmeeHHoe asmoHOMHoe yypexoeHue «HayuoHanbHbIl MeOuyuHCKUU ucciedosa-
mesnbckull yeHmp «Mexompacniegol Hay4Ho-mexHu4eckul komnnekc «Mukpoxupypaus enasza» umeHu akademuka C. H. ®édoposa» Mu-
Hucmepcmaa 30pasooxpareHus Poccutickoti ®edepayuu (OTAY <HMUL «MHTK «Mukpoxupypaus enaza» um. akao. C. H. ®édoposa» MuHs-
opasa Poccuu) (127486, 2. Mockaa, beckyoHuKkosckuli 6-p, 0. 59A).

KypHan eknouéH 8 PechepamusHelli xypHan u 6a3y 0aHHeix BUHUTU. CeedeHus o xypHane nybaukytomcsa 8 MexoyHapooHOU cnpagoy-
HoU cucmeme no hepuoduyeckum u npodomxaroujumcsa uzoaHuam «Ulrich’s Periodicals Directory». XypHan uHOekcupyemca 8 makux 6a3ax
0aHHbIx, kak PUHL], Scopus, DOAJ u dp.

MypHan «Acta Biomedica Scientifica» 6xooum 6 «[lepe4eHb 8edywiux peueH3upyembix Hay4HbIX XypHAn08 u u3oaHud, 8binyckaemoix 8 Poc-
cutickoli ®edepayuu, 8 KOMopbix 00sIXKHbI 6bIMb 0NY6/IUKOBAHEI OCHOBHbIE HAYYHbIE pe3y/ibmamsl duccepmayuli Ha COUCKaHue y4yéHol
cmeneHu KaHOUOama u 0oKmMopa HAykK».

MoonucHouU uHoekc 243447. Ceob600Has yeHa.

ISSN 2541-9420 (Print)
ISSN 2587-9596 (Online)

Kniouesoe HazsaHue: Acta Biomedica Scientifica

© OrBHY «HayuHblIin LLeHTp NpobieM 300POBbA CEMbU 1 PENPOAYKLMM YenoBekay, 2025 T.
© OpwuruHan-maket PUO NHLIXT, 2025 .



DEPUTY EDITOR-IN-CHIEF’S PREFACE

Lyubov V. Rychkova

Dr. Sc. (Med.), Professor,
Corresponding Member
the of RAS

In the first issue of the journal for 2024, experimental research takes a leading
position. Its high percentage in the total number of articles indicates the progress
in scientific developments. The aim of our journal is to convey to the public the re-
sults of the most interesting and promising research. It is important to note that
these articles are united not only by the quality of the performed experimental re-
search and the results obtained, but also by their potential for application in order
to improve the quality of people’s life.

The article by the authors from Novokuznetsk (Gorokhova L.G. et al.)
is of the most practical nature: the study proved that indole and 1-benzylindole
in case of long-term intake, lead to functional disorders of the cardiovascular sys-
tem, which are the cause for development of arterial hypertension, coronary heart
disease, atherosclerotic vascular lesions. In this regard, at enterprises where there is
contact of workers with indole and its derivatives, it is necessary to introduce an ex-
panded list of medical examinations for employees.

As part of a study conducted by authors from Orenburg (Kazakova T.V. et al.),
it was found that due to environmental pollution, high concentrations

of manganese lead to the accumulation of this microelement in the blood se-
rum, a decrease in the levels of calcium, potassium, magnesium, iron and copper.
In the cerebral cortex, the level of manganese, lead, mercury and strontium in-
creases against the background of a decrease in iron and iodine levels, which in turn
leads to disorders of the various body systems and the development of various
pathological conditions.

The influence of melatonin was studied in two works presented in the current
issue:in an article by our regular authors from Novosibirsk (Michurina S.V. et al.)
and in the article by authors from Volgograd (Babkov D.A. et al.). The first group
of authors conducted an experiment to identify the effect of melatonin on the ex-
pression of anti-apoptotic Bcl-2 and pro-apoptotic Bad, as well as the Bcl-2/Bad
ratio in ovarian luteocytes under experimental hyperthermia. Timely administration
of melatonin caused a shift in the ratio of Bcl-2/Bad expression areas towards an in-
crease in anti-apoptotic Bcl-2 after only a week of the recovery period and contrib-
uted to an earlier normalization of Bcl-2/Bad to physiological levels after two weeks.
The second group of authors developed and validated a virtual screening method
to identify bioisosteric analogs of melatonin that are promising for study as agents
that reduce intraocular pressure. The effectiveness was 40 %, which is a prom-
ising indicator for further research and development of the studied compounds
as a treatment for glaucoma.

We would like to specifically note the joint article by authors from Yaro-
slavl and Moscow (Khokhlov A.L. et al.) on determining changes in the content
of monoamine neurotransmitters and their metabolites in brain structures us-
ing high-performance liquid chromatography in combination with tandem mass
spectrometry. Until recently, a method for the joint determination of monoamine
mediators and their metabolites was not developed. Now it has been fully validated
and meets the requirements of Russian and international guidelines. The chosen
stabilization method allows samples of brain homogenates to be stored for 30 days
after collection.

The study conducted by authors from Moscow (Adamovskaya O.N. et al.)
can be titled “New times require new research”. The authors found that due to the in-
troduction of information and computer technologies into the educational process,
schoolchildren, when performing cognitive load on electron ic devices, experience
changes in heart rate variability, electrodermal activity and cerebral circulation.
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The issue also contains a number of review articles in various areas. For exam-
ple, a team of authors from Moscow (Regentova O.S. et al.) analyzed the prospects
for using ultrasound of various intensities to treat patients with malignant brain gli-
omas. Focused ultrasound is reported to be a promising potential treatment for gli-
omas. Authors from Ufa (Ziganshin A.M. et al.) analyzed the literature on the latest
research on post-castration syndrome, its impact on quality of life and correction
methods. Despite the high level of prior studies of this problem, there are still sig-
nificant gaps in reducing the risk of stroke, depression, cognitive disorders and Alz-
heimer’s disease.

Authors from Kostroma (Tikhonova LV. et al.) and Moscow (Marakshi-
na Yu.A. et al.) presented articles on psychology. First group of authors examined
the perceptions of potential parents about the stressfulness of the parental role
(objective and subjective determinants). The second article is devoted to the study-
ing of psychometric properties of the Abbreviated Math Anxiety Scale on a sample
of Russian high school students.

Theissue alsoincludes articles on topics much more rare for our journal than tra-
ditional areas. First, this is an article by authors from Yekaterinburg (Antonova N.L.
et al.) “Social factors in the formation of eating disorders: Experience of sociological
research” presented in the “Demography” section, and an article by the team of au-
thors from Moscow (Siraeva T.V. et al.) in phthisiology “Organizational aspects of
medical rehabilitation of patients with respiratory tuberculosis”.

More detailed information about the research results of all presented works
can be found in the relevant sections of our journal. We hope that presented
materials will be of interest to a wide range of readers. We would like to express
our gratitude to both the authors and the reviewers who took partin the creation
of this issue.

For citation: Rychkova L.V. Deputy editor-in-chief’s preface to Issue 1, 2024. Acta bio-
medica scientifica. 2024; 9(1): 5-8. doi: 10.29413/ABS.2024-9.1.1



PbiukoBa
Jllo60Bb BnagnmmnpoBHa

A.Mm.H., npodeccop,
uneH-koppecnoHgeHt PAH

B nepBOM HOMepe »KypHana 3a TeKyLU rof dKCneprmeHTasnbHble Nccieao-
BaHVA 3aHMMalOT NMAUPYoWKe no3uuun. Mx BblCOKUIN NpoLeHT oT obLiero Ko-
nnyecTBa NyonMKyembIx CTaTeil CBUAETENbCTBYET O MPOrPecCcMBHOM Pa3BUTUM
HayuyHbIX pa3paboTok. 3ajaya XKypHana — JOHeCTU [0 O6LeCTBEHHOCTU pe3yib-
TaTbl CaMblX MHTEPECHbIX N MepPCneKTUBHbIX UCCnefoBaHui. BaxHO oTmMeTuTb,
yTo OObEeAVHAET 3TU CTaTbW He TONbKO KayecTBO NPOBEAEHHbIX IKCNEPMMEHTOB
N NONYYEHHbIX Pe3yNbTaToB, HO U NX MOTEHUMan B MPMMEHeHUN ANA ynyJlleHmns
KauecTBa XM3HU Noaen.

CraTbA KonnekTnBa aBTopoB M3 HoBoky3Heuka (fopoxosa JI.I. n coaBT.)
nmeeT Hambosee NpPakTUUYECKUN XapaKTep: B paMKax nccnefoBaHua 6bino fo-
KasaHo, UTo MHAoN 1 1-6eH3NNMHAON B YCNOBUAX ANNTENIbHOIO MOCTYNNEHNA B
OopraHu3m NpuBOAAT K YHKUMOHANbHbIM HapyLEHNAM CepPAEYHO-COCYANCTON
CMCTeMbIl, KOTOpble ABMATCA MPUYMHON Pa3BUTMA apTepuanbHON rMnepTeH-
3UK, nwemmyeckorn 6onesHn cepaua, aTepoCKIepPOTUYECKMX NOPaXKEHNI COCY-
[0B. B cBA3M C 3TUM Ha NpepnpuATUAX, TAe UMeeT MeCTO KOHTaKT C UHAOJIOM
1 ero Npon3BOAHbIMU, HEOOXOAUMO BHepeHMe pacCllMPeHHOro cnuncka obene-
[OBaHUN pabOTHUKOB.

B pamkax nccnepgoaHus, nposeaéHHoro asTopamu u3s OpeHbypra (Kasako-
Ba T.B. 1 coaBT.), 6bIJI0 YCTAaHOBNIEHO, UTO BCJIECTBME 3arPA3HEHNA OKPY»Kato-
el cpeabl BbICOKME KOHLEHTPaLMM MapraHua NpuBoAAT K KYMynAaLMUY JaHHOTO
MUKPO3JIeMEHTa B CbIBOPOTKE KPOBU, CHUKEHWIO YPOBHA KalbLuA, Kanua, Mar-
HUA, Xenesa 1 megun. B Kope ronoBHOro Mo3ra NoBbIWAETCA YPOBEHb MapraHua,
CBMHUA, PTYTV 1 CTPOHUMA Ha OHEe CHMXKEHMA Xene3a 1 N0fAa, YTO B CBOKO oYe-
pefb BeAET K HapylweHno GYHKLUMOHMPOBAHMA Pa3fiMYHbIX CUCTEM OpraHu3mMa
N Pa3BUTUIO Pa3IMYHbIX NAaTONOTMYECKNX COCTOAHMIA.

WccnepoBaHve BNMAHUA MenaTOHWHa NpeACcTaBNeHO cpasy B ABYX uUcce-
[OBAHMAX: B CTaTbe HALUUX MOCTOAHHbIX aBTOpoB 13 HoBocmbupcka (Muuypm-
Ha C.B. n coaBT.) 1 aBTOpOB 13 Bonrorpaga (ba6kos [.A. n coaBT.). [lepBble
NpoBeNy 3KCNePMMEHT MO BbIABMEHWIO BAMAHUA MENAaTOHNHA Ha SKCMPeCccuio
aHTManonToTuyeckoro Bcl-2 n npoanontoTnyeckoro Bad, a Takxe cOOTHOLWEHNE
Bcl-2/Bad B nioTeounTax AMYHUKOB B YCNOBUAX IKCNEPUMEHTaNIbHON rnnepTep-
Mumn. CBoeBpeMeHHOoe BBeieHVe MeNlaTOHMHA MOoKa3ano CABUI COOTHOLIEHMUA
nnowagen skcnpeccun Bel-2/Bad B CTOpOHyY yBenvueHra aHTManonToTYeCcKoro
Bcl-2 yxe uepes Hepento BOCCTaHOBUTENbHOTO Neproga 1 cnocobctsoBano 6o-
nee paHHeln Hopmanusaunu Bcl-2/Bad o ¢usmonormnyeckoro ypoBHa yepes se
Hepenu. Bropoil KonnekTuB aBTOPOB OCYLLEeCTBMA pa3paboTKy 1 Banugaumio me-
TOAa BUPTYaNbHOMO CKPUMHWHIa AJiA BbiBIEHNA 61MON30CTEePMYECKUX aHaloroB
MenaToHMHa, NepPCrneKTUBHbIX ANA U3yYeHUA B KayecTBe CPeACTB, CHUXatoLWmnX
BHyTpuUrnasHoe fgasneHue. Pe3ynbraTtmBHOCTb cocTaBuna 40 %, 4yto ABnAeTcA
nepcnekTUBHbIM MOKa3aTenem AnA JaNbHeNWwero nsyyeHusa n paspaboTku
nccnepayemblix COeJMHEHUI B KaueCTBe CPeACTBa ANA eYeHNA rNayKkoMbl.

XoTenocb 6bl OTAE/IbHO OTMETUTbL COBMECTHYIO CTaTblo aBTOPOB 13 fipocnas-
na un Mocksbl (XoxnoB A.J1. n coaBT.) 06 onpeaeneHnn U3MeHeHVsA cofepKXaHns
MOHOAMMVHOBbIX HENPOMELNATOPOB U UX METabOoNMTOB B CTPYKTypax rofloBHOro
Mo3ra ¢ npumeHeHnem metoaa BaKX-MC/MC. [lo HegaBHero BpeMeHn metToau-
Ka COBMeCTHOro onpepfesieHna MOHOAMHOBbIX MeMaTopoB 1 NX MeTabonunTos
He pa3pabaTbiBanacb. Ceryac e OHa NMpoLUIa NOJHY Banngaumio U COOTBET-
CTBYeT TPebOoBaHNAM POCCUNCKUX U MEXAYHAPOAHbIX PYKOBOACTB. BbiGpaHHbIN
Cnoco6 cTabunrsayum No3BoseT XpaHTb 06pa3Lbl FOMOreHaTOB MO3ra B Teye-
Hue 30 gHen nocne otbopa.
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WccnepoBaHue, npoBeféHHoe aBTopamu M3 Mockebl (ApamoBckaa O.H.
1 COaBT.), MOXHO 03arfaBuUTb Kak «HoBble BpemeHa TpebyloT HOBbIX UCCiefoBa-
HU». ABTOpPamMW BbIABNEHO, YTO M3-3a BHeApPeHUA B 06pa3oBaTeNbHbIA npoLecc
NHGOPMALMOHHO-KOMIMBIOTEPHBIX TEXHOMOMMI Y LWKOMbHUKOB MPU BbINONHEHUN
KOTHUTMBHOW Harpy3KM Ha SNEKTPOHHbIX YCTPOMCTBAX MPOUCXOANT U3MEHEHUE MO-
KasaTenen BaprabenbHOCTY CepeyHOro pUTMa, 3N1eKTPoAepMasbHON aKTUBHOCTH
1 MO3rOBOrO KpOBOOOGpaLLeHUs.

B HoMepe TakXke npeacTaBneH pag 0630pHbIX CTaTel MO PasNYHbIM Hanpas-
nenuam. Hanpumep, konnektusom aBTopoB 13 Mocksbl (PerentoBa O.C. 1 coaBT.)
NpoBeféH aHanM3 NepcnekT!B NPUMEHEHNA YNbTpa3ByKa PasfnyHON

WHTEHCUBHOCTU A1 NIeYeHUA MauMeHTOB CO 3JI0KAYeCTBEHHbIMW FMOMaMMn
ronoBHoro mosra. 1o meWMcs faHHbIM, GOKYCHPOBAHHbIN YNbTPa3BYK ABMSAET-
€A MHoroobeLaloLWwmnm NoTeHUMANbHbIM METOLOM JIeUeHUA rMoM. ABTOPbI 13 Ydbl
(3uraHwmH A.M. 1 coaBT.) BbINOIHMAM aHaNM3 NUTEPATypPbl NO NOCAEAHUM UCCNefo-
BaHVAM NOCTKACTPALNOHHOIO CMHAPOMA, EFO BAVAHUIO Ha KQUeCTBO XKM3HU U MeTO-
[aM KoppeKummn. HecMoTps Ha BbICOKYIO CTeNeHb U3YyUYeHHOCTW fiaHHOW Npobnembl,
BCE ellé OCTaloTCA CyLeCcTBEHHble Npobesbl B acnekTax CHUKEHWA PUCKa Pa3BUTKA
WHCYbTa, Aenpeccum, KOrHUTUBHBIX PacCTPOWCTB 1 6onesHn AnbLrenmMepa.

AsTtopamn n3 Koctpomsbl (TuxoHosa U.B. n coaBt.), Mockebl (Mapakwmn-
Ha [0.A. n coaBT.) NpefcTaB/ieHbl CTaTby MO NCMXONOrMK. [epBbIi KONNEKTUB
ABTOPOB MUCCNieayeT MPeAcTaBNeHNA O CTPECCOreHHOCTU POAUTENbCKON pPonu
y NoTeHUManbHbIX poanTtenel (06beKTUBHbIE U CYyObEKTUBHbIE AETEPMUHAHTI).
Bo BTOpoOI1 cTaTbe M3y4yaloTCA NCMXOMETPUYECKe CBOMCTBA COKPALLEHHON LIKa-
Nbl MAaTEMATUYECKOW TPEBOXHOCTN Ha BbIOOPKE POCCUMICKMX CTapLUEKIacCHUKOB.

Takke B HOMep BOLUMM CTaTbM NO TeMaTUKaM Kyga 6onee pegkum Ans Halero
XKYpHana, Yem TPagULMOHHbIE HanpaBiaeHUs. ITO CTaTbA aBTOPOB 13 EkaTtepuHoOyp-
ra (AHToHoBa H.Jl. m coaBrt.) «CounanbHble GpakTopbl GOPMUPOBAHMA MULLEBBIX
PacCTPOWCTB: OMbIT COLMONONMYECKOro NccieoBaHNA», Bolwelwan B pasgen «[e-
Morpadum», 1 CTaTbA Konnektuea aBTopoB 13 Mocksbl (CupaeBa T.B. n coaBT.)
no ¢ptusmatpumn «OpraHM3aLNoOHHbIE aCNeKTbl MEAVLIMHCKOWN peabunutauumn 6onb-
HbIX Ty6epKyné3om OpraHoB [bIXaHUA».

MNogpobHee ¢ pesynbTaTamy UCCIeAOBaHUA BCEX MPeACTaB/IEHHbIX pa-
60T MOXHO O3HAaKOMUTbCA B COOTBETCTBYIOLNX pa3genax XypHana. Hageemcs,
YTO MpeAcTaBieHHble MaTepuanbl OyayT MHTEPECHbI WWMPOKOMY Kpyry uutaTe-
nen, 3a YTO XOTMM Bbipa3nTb 6narofapHOCTb Kak aBTopaMm, Tak U peLeH3eHTaMm,
NPVHMMaBLINM y4YacTue B CO3JaHUN JaHHOrO BbiNycKa.

Ana yntuposaHuna: Pbiukosa J1.B. Mpeancnosre 3amectutens rnaBHoro pegakropa K N2 1
(2024). Acta biomedica scientifica. 2024; 9(1): 5-8. doi: 10.29413/ABS.2024-9.1.1
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ABSTRACT

Lysophosphatidic acid (LPA) is a biologically active lipid mediator that regulates
anumber of signaling pathways involved in the pathogenesis of bronchial asthma.
Attention to studying the relationship of LPA with LPA receptors (LPARs) and ion
channels with transient receptor potential (TRP) is caused by their role in the initi-
ation and development of bronchial obstruction, which suggests the development
of new effective strategies for the treatment of bronchial asthma through blocking
LPA synthesis and/or regulation of the activity of the ligand-receptor relationship.
The aim of the review. To summarize ideas on the role of lysophosphatidic acid
and its receptors in the pathogenesis of bronchial asthma based on the analysis
of articles published in English in 2020-2023 from the PubMed database.
Conclusion. The review summatrizes recent literature data on the chemical structure,
biosynthetic pathways and LPA receptors. It presents the information on the role
of LPA, LPARs and TRP channels in the pathogenesis of bronchial asthma; summatrizes
the bronchial asthma therapeutic strategies targeting LPA, LPARs, and TRP channels.
The review highlights not only a new perspective on understanding the mechanisms
of initiation of asthmatic reactions, but also possible ways to manage them
at the stage of correction of their development.

Key words: lysophosphatidic acid, lysophosphatidic acid receptors, transient receptor
potential channels, bronchial asthma

For citation: Kytikova O.Yu., Novgorodtseva T.P, Denisenko Yu.K. Lysophosphatidic acid
and its receptors: Role in bronchial asthma pathogenesis. Acta biomedica scientifica. 2024;
9(1): 12-22. doi: 10.29413/ABS.2024-9.1.2

12

Internal diseases



ACTA BIOMEDICA SCIENTIFICA, 2024, Vol. 9, N 1

POJNb JIN30DOCHOATUAHON KUCIIOTbI U EE PELLENTOPOB
B MATOTEHE3E BPOHXWAJIbHO ACTMbl

KbiTukoBa O.10., PE3IOME
Hosropopguesa T..,
JeHunceHko 10.K. JluzogpoccpamuoHnas kucnoma (LPA, lysophosphatidic acid) asnsemca 6uonoau-

YyeckU aKmuBHbIM JIUNUOHbIM MeOUAdmMOpPOM, pe2ysiupyloujuM pao CU2HATbHbIX
nymed, 808/1e4EHHbIX 8 namozeHe3 bpoHxuaabHol acmmel (bA). IHmepec k u3y-
yeHuto 83aumoomHoweHul LPA ¢ LPA-peyenmopamu (LPARs, lysophosphatidic acid
receptors)u UOHHbIMU KAHAIAMU C MPAH3UMOPHbIM peyenmopHbIM NOMEHYUAG/IOM
(TRP, transient receptor potential) o6ycnosneH ux poseto 8 UHUYUAYUU U pazgumuu
b6poHxuanbLHoOU 06cmpykyuu, Ymo npednosiazaem paspabomky Ho8bix 3(hhekmus-

Brnagusoctokckuin punuan OreHY
«[lanbHEeBOCTOUHbBIN HayYHbIN LEHTP
bU3MoNOrM 1 NaToNOrMmN AbIXaHUA» —

HayuHo-nccnenoBarenbekil MHCTATYT HbIx cmpameeuli neyeHus bA yepes 6okuposaHue cuHmesa LPA u/unu peeynayuu

MeAMLMHCKON Knmnmatonorum aKkmusHOCMU J1U2aHO-peyenmopHO20 83aUMOOMHOWEHUS.

1 BOCCTAHOBUTENIbHOrO Nle4eHnA Lene 0630pa. O606wume npedcmassieHUa o posau au3o¢occhamuoHol Kuciomel

(690105, 1. BnapmeocTok, yn. Pycckas, 73T, eé peyenmopos 8 namozerese GpoHXUAbHOU dCMMbl HA OCHOBAHUU AHAAU3A

Poccws) cmamed, ony6/IUKOBAHHbIX HA AH2/TUUCKOM A3biKe 8 nepuod ¢ 2020 no 2023 2. 8 6a3e
0aHHbIx PubMed.

3aknoyeHue. B 0aHHOM 0630pe 0606ujeHbl NOc/Ie0HUe umepamypHbie 0aHHble
0 Xumuyeckoli cmpykmype, nymsax 6uocuHme3a u peuyenmopax LPA. [lpedcmasneHa
uHgpopmayua o ponu LPA, LPARs u TRP-kaHanos 8 namoeeHeze bA. O606ujeHsl
mepanesmuyeckue cmpameauu bA, HauyeneHHele Ha LPA, LPARs u TRP-kaHanel.
JaHHeIl 0630p noduépkusaem He MoJsibKO HO8bIU 8327190 Ha NOHUMAHUE MexXaHU3Mo8
UHUYUAayuu acmmamuyeckux peakyud, Ho U 803MOXHble cnocobsl ynpasieHus umu
HA 3mane Koppekyuu ux pazeumus.

ABTOP, OTBETCTBEHHbIN 3a Nepenuncky:
KbiTnkoBa OkcaHa lOpbeBHa,
e-mail: kytikova@yandex.ru

Kniouesole cnosa: nusogpochamudHaa Kucioma, peyenmopbi au3opocghamudHol
KUC/I0Mbl, UOHHblE KAHAsbl C MPAH3UMOPHBLIM peyenmopHbIM NOMeHYUasaom,

6poHXxuanbHas acmma
Cratba noctynuna: 30.05.2023 Ona untuposauma: Koitrkosa O.10., Hosropoguesa T.I., JeHnceHko F0.K. Ponb nusodoc-
Cratba npuAra: 25.01.2024 daTUAHOM KNCNOTbI 11 €€ peLienTopoB B MaToreHese 6poHXManbHOM acTMbl. Acta biomedica
Cratbs onybaukoBaHa: 26.03.2024 scientifica. 2024; 9(1): 12-22. doi: 10.29413/ABS.2024-9.1.2
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INTRODUCTION

Lysophospholipids are bioactive lipid mediators
localised in cell membranes [1]. They affect cell pro-
liferation, differentiation, survival, migration, adhe-
sion, invasion and morphogenesis, and are associated
with neurogenesis, angiogenesis, fibrogenesis and on-
cogenesis [2]. In recent years, the signalling function
of lysophospholipids, in particular lysophosphatidic
acid (LPA), has been actively studied in various diseas-
es and pathological conditions. However, not much at-
tention has been paid to the study of the role of LPA
in the pathogenesis of bronchopulmonary diseases,
particularly bronchial asthma [3-5].

LPA is known to interact with LPA receptors 1-6
(LPARs), peroxisome proliferator-activated nuclear re-
ceptors (PPARs), actin-binding proteins (ABPs) and,
as recently discovered, ion channel receptors with tran-
sient receptor potential (TRP), resulting in the activation
of multiple signalling pathways [2, 4, 6, 7].

Therole of LPA receptorsin the pathogenesis of asth-
matic reactions has been actively studied [3], but in re-
cent years the focus of research has shifted significantly
to the interaction of LPA with TRP-channel receptors
[8, 9]. Malfunction of these channels is known to have
a significant impact on the pathogenesis of bronchi-
al obstruction, which makes them potential targets
in bronchial asthma treatment [10-18]. LPA has been
identified as a ligand for TRP receptors and its ability
to modulate the activity of TRPM2 (TRP cation channel,
subfamily M, member 2), TRPV1 (TRP cation channel,
subfamily V, member 1) and TRPA1 (TRP cation channel,
subfamily A, member 1) has been described [3, 19].

After the mechanism of interaction of LPA
with LPARs and TRP receptors in the bronchopulmonary
system has been established a new perspective on un-
derstanding the mechanisms of initiation of asthmatic
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reactions and possible ways to manage them is being
discovered, which suggests fundamentally new possi-
bilities in the development of an effective therapeutic
strategy for bronchial asthma at the stage of correction
of the development of asthmatic reactions.

Controlling LPA signalling through influencing
LPAR1-6 is a relevant pharmacological objective [20].
However, LPA signalling via its receptors is also associ-
ated with stimulation of fibrosis development, trigger-
ing atherogenesis, oncogenesis and metastasis [21].
Therefore, the use of LPA agonists faces the dilemma
of utilising therapeutically effective mechanisms of ac-
tion of this lipid molecule while avoiding the develop-
ment of undesirable effects [20], hence the relevance
of studying other LPA receptors as therapeutic targets.

This article summarizes recent literature data
on the chemical structure, biosynthetic pathways
and LPA receptors. The focus is on the role of LPA, LPARs
and TRP channels in the pathogenesis of bronchial asth-
ma. Possible therapeutic strategies for bronchial asth-
ma targeting LPAs, LPARs and TRP-channels are summa-
rized and discussed.

The PubMed database was systematically searched
for articles published in English in 2020-2023. Five ar-
ticles published before 2020, which did not include
the keywords of this review, were also analyzed to pro-
vide more detail on the information provided. The re-
view included information sources that addressed is-
sues relevant to the aim of this review. Information
requests included the following set of keywords: ‘lyso-
phosphatidic acid)‘asthma’, ‘transient receptor potential
channels, ‘lysophosphatidic acid receptors’ (Table 1).

The titles of the articles found on request were re-
viewed and if they matched the literature review topic,
the abstracts of the articles were analyzed. If the ab-
stract complied with the inclusion criteria, the full-text
version of the article was searched and analyzed.

RESULTS OF A SYSTEMATIC SEARCH OF ARTICLES IN THE PUBMED DATABASE (2020-2023)

Number of articles

Key words for the period
2020-2023
“lysophosphatidic acid” 698
“lysophosphatidic acid” and “asthma” 9
“lysophosphatidic acid” and “transient receptor potential channels” 7
“lysophosphatidic acid” and “asthma” and “transient receptor potential channels” 1
“asthma” and “transient receptor potential channels” 67
“lysophosphatidic acid” and “lysophosphatidic acid receptors” 304
“lysophosphatidic acid” and “asthma” and “lysophosphatidic acid receptors” 5
“asthma” and “lysophosphatidic acid receptors” 4



1. LYSOPHOSPHATIDIC ACID

Lysophosphatidic acid is classified as a lysoglycer-
ophospholipid, a phospholipid with only one fatty acid
residue, unlike glycerophospholipids that have two fatty
acids at the sn-1 and sn-2 positions [6].

Lysophosphatidic acids are represented by different
molecular species depending on the presence of sat-
urated or unsaturated fatty acid residues in their struc-
ture (LPA16:0, LPA18:0, LPA18:1, LPA18:2, LPA20:4
and LPA22:6). Also, the structure and activity of LPA are
determined by the position of fatty acids in the glycerol
molecule [1, 6] (Fig. 1).

FIG. 1.
Chemical structure of lysophosphatidic acid

LPA biosynthesis is carried out through several path-
ways [2, 6, 7] (Table 2).

In the first pathway, LPA biosynthesis depends
on the activity of phospholipases [22]. This pathway
includes cleavage of membrane phospholipids (phos-
phatidylcholine, phosphatidylserine and phosphati-
dylethanolamine) or cleavage of diacylglycerol (DAG)
and phosphatidic acid formation. Phosphatidic acid
is a substrate for phospholipases A1 and A2, which re-
lease fatty acids from the sn-1 or sn-2 positions, respec-
tively, forming LPA.

Phospholipase A1 acts both extracellularly and in-
tracellularly. Extracellular phospholipase A1 is involved
in triacylglycerol hydrolysis and fatty acid cleavage. Phos-
pholipase A2 is a large superfamily comprising 15 groups
and 30 isoforms belonging to four types: secreted (IB,
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IIA, IIC, 1D, IIE, IIF, I, V, X, XIIA and XIIB), cytosolic, calci-
um-independent and lipoprotein-associated phospholi-
pases A2. Phospholipase A2 hydrolyses unsaturated fatty
acids and is involved in the generation of eicosanoids
and platelet-activating factor. On the one hand, secret-
ed phospholipase A2 releases omega-3-polyunsaturated
fatty acids (PUFAs), which are a substrate for anti-inflam-
matory and pro-resolving oxylipins. On the other hand,
secreted phospholipase A2 is involved in the generation
of fatty acids, lysophosphatidic acid, lysophospholipids,
prostaglandins, leukotrienes and thromboxanes, which
have pro-inflammatory effects [1, 22].

In the second pathway, LPA biosynthesis is mediated
by autotaxin (ATX) [6]. Autotaxin (isoforms ATX-a, ATX-(,
ATX-y, ATX-8 and ATX-g) or lysophospholipase D belongs
to the ectonucleotide pyrophosphatase/phosphodiester-
ase 2 (ENPP2) family. The transcription of the ENPP2 gene lo-
cated in the human chromosomal region 8g24 is regulated
by several pro-inflammatory and transcription factors [23].
ATX inhibition leads to decreased levels of pro-inflammato-
ry mediators (tumour necrosis factor, interleukin (IL) 1, IL-6)
in the experiment [24].

ATX is active in most biological fluids, including serum/
plasma, bronchoalveolar lavage (BAL) fluid, cerebrospinal
fluid and urine. In platelets, autotaxin can bind to platelet in-
tegrins aVB33 and allbP3. Adipose tissue is considered to be
the main source of autotaxin in blood [6].

LPA is also formed from glycerol-3-phosphate
with the participation of glycerol-3-phosphate acyltrans-
ferase (GPAT). Lastly, LPA can be cleaved to monoacyl-
glycerol and diacylglycerol with the participation of lyso-
phosphatases, to PA - via LPA-acyltransferase, and to G3P
- with the participation of lysophospholipases [6].

Lysophosphatidic acid receptors

The physiological role of circulating LPAs is to pref-
erentially transmit signals by interacting with transmem-
brane G-protein coupled receptors (GPCRs), which include
LPA receptors (LPAR1-6) [2, 6]. Furthermore, recent studies
revealed that LPA is a ligand for some TRP channels [2, 4, 6,
7]. The LPA receptors are summarised in Table 3.

LPAR1-3 belong to the endothelial differentiation
gene (EDG family: LPAR1/EDG2, LPAR2/EDG4 and LPAR3/
EDG?7. LPAR4 (P2RY9, GPR23), LPAR5 (GPR92) and LPAR6
(P2RY5, GPR87) belong to purinergic receptors (P2Y).

PATHWAYS AND ENZYMES OF LYSOPHOSPHATIDIC ACID BIOSYNTHESIS

Pathways of LPA biosynthesis
Phosphatidic acid
Lysoglycerophospholipids (LPC, Lyso-PS and LPE)

Glycerol 3-phosphate (G3P)

Enzymes involved in LPA biosynthesis
PLA1, PLA2
ATX/Lyso PLD

GPAT
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Recent studies have shown that LPA can also activate
P2Y10 [2].

LPAR1iswidely expressedin various organsand tissues,
but mainly in the brain, heart, placenta, large and small
intestines. Higher expression of LPAR2 mRNA is found
in kidney, uterus, and testis; lower expression - in thymus,
pancreas, and spleen. The level of LPAR3 mRNA is higher
in the heart, lungs, pancreas, brain, prostate and ovaries.
LPAR4 mRNA levels are elevated in mouse skin, heart,
ovaries, and thymus. Large amount of LPAR5 is expressed
in the spleen, large and small intestines. LPAR6 is associ-
ated with hair growth, but there are relatively few studies
on its role and mechanisms in various systems [2].

TABLE 3

LYSOPHOSPHATIDIC ACID RECEPTORS

LPA receptors

LPARs activate Ga protein subtypes (Ga12/13,
Gag/11, Gai/o and Gas) that modulate downstream
signalling pathways. Thus, the ROCK (Rho/Rho-associ-
ated protein kinase) signalling pathway is activated via
Ga12/13;Gag/11 activates phospholipase C (PLC) and fur-
ther downstream cascades, GSK3 (glycogen synthase ki-
nase 3) and CREB; Gai/0 activates the PLC pathways, CREB
and GSK3, and stimulates extracellular signal-regulated
kinases 1/2 (ERK1/2), Akt/phosphoinositide-3-kinases
(PI3K, PI3-kinases) and inhibits cyclic adenosine mono-
phosphate (cAMP) production; GaS modulates adenylate
cyclase and protein kinase A (PKA) activity by activating
the cAMP signalling pathway [25].

Signalling pathway/effector

LPAR1/EDG2

LPAR2/EDG4

LPAR3/EDG7

LPAR4 (P2RY9, GPR23)

LPARS5 (GPR92)

LPAR6 (P2RY5, GPR87)

P2RY10

TRPV1

TRPA1

TRPM2

Ga12/13-Rho-ROCK
Gai/o-Ras-Erk 1/2
Gai/o-PI3K-Akt-mTOR
Gai/o-PLC-CREB 1 GSK3
Gag/11-PLC-CREB n GSK3

Ga12/13-Rho-ROCK
Gai/o-Ras-Erk 1/2
Gai/o-PI3K-Akt-mTOR
Gai/o-PLC-CREB 1 GSK3
Gaqg/11-PLC-CREB n GSK3

Gaqg/11-PLC-CREB n GSK3
Gai/o-Ras-Erk 1/2
Gai/o-PI3K-Akt-mTOR
Gai/o-PLC-CREB 1 GSK3

Ga12/13-Rho-ROCK
Gaqg/11-PLC-CREB n GSK3
Gai/o - Ras - Erk 1/2
Gai/o-PI13K-Akt-mTOR
Gai/o-PLC-CREB 1 GSK3
Gas—AC-RKA

Ga12/13-Rho-ROCK
Gaq/11-PLC-CREB n GSK3
Gas-AC-RKA

Ga12/13-Rho-ROCK
Gai/o-Ras-Erk 1/2
Gai/o-PI3K-Akt-mTOR

Gai/o-PLC-CREB 1 GSK3
Gas-AC-RKA

Direct interaction with K710 at the COOH end

LPAR5-PLD
Direct interaction with intracellular KK672-673 and KR977-978

LPAR1-Gai/o-MAP kinases-PARP-1-ADP-ribose
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The main effect of LPA is its ability to modulate
the actin cytoskeleton through the activation of small
GTPases of the Ras superfamily via Gai/o (stimulation
of extracellular Erk1/2 signals) and Rho via Gal12/13
(stimulation of ROCK) [26]. These receptors signal
through MARK, PLC and tyrosine kinases and initiate
the synthesis of a number of transcription factors that
interact with DNA sites and initiate proliferation, cell mi-
gration or intercellular interactions.

LPA mediates many functions through LPARs,
in particular Ca2* mobilisation, survival, proliferation,
adhesion, cell migration, immune function, by reducing
chemokine production and inhibiting cell migration,
and myelination [2].

TRP channels

As mentioned above, lysophosphotidic acid active-
ly interacts with TRP-channels, which play an essential
role in sensory physiology (smell, taste, vision, touch,
thermo-sensing, osmosensing), pathophysiology of pain
and inflammation, and act as signalling conductors in cells
[27-29]. The function of these channels is to alter the cell
membrane potential and fluctuate the intracellular con-
centration of free calcium [Ca2*]i in response to stimulat-
ing environmental influences [30]. TRP channels integrate
TRPC (canonical), TRPV (vanilloid), TRPM (melastatin), TRPA
(ankyrin), TRPML (mucolipin), TRPP (polycystin) receptors
[28-33].TRPA1,TRPV1, TRPV2, TRPV4, TRPM3 and TRPM8 are
thermosensory TRP-channels that are activated by chang-
es in temperature, particularly ambient temperature [27,
32]. TRPVs are activated by heat, while TRPA1 and TRPM8
are activated by cold [33, 34].

TRP-channels are expressed in neuronal cells as well
as in cells of the respiratory tract [14, 27]. To date, it has
been established that LPA is able to directly or indirect-
ly activate TRPM2, TRPV1 and TRPA1 [3, 35]. For instance,
TRPM2 and TRPA1 are activated indirectly. Extracellular LPA
elevation activates LPAR5, phospholipase D (PLD, phos-
pholipase D) leading to increased intracellular LPA levels
and TRPA1 activation. Activation of LPAR5 via Gai/o stimu-
lates PARP-1 (poly(ADP-ribose) polymerase 1), ADP-ribose,
and TRPM2. TRPA1 and TRPV1 are directly activated [3, 35].

Thus, literature data demonstrate that LPA realizes
its mechanism of action through interaction with LPARs
and TRP channels, activating a number of signaling path-
ways. LPARs and TRP-channels are widely represented
in the bronchopulmonary system, which makes it im-
portant to further study the effects of LPA in BA, despite
the fact that clinical trials of TRP modulators have not been
successful so far [14].

2. WHEEZING AND TRP-CHANNELS

Epidemiological studies of recent years convinc-
ingly demonstrate that the combination of high, low
temperatures and humidity is accompanied by the de-
velopment of wheezing in BA patients [12], which is medi-
ated by the participation of TRP-channels in the reception
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of physicochemical stimuli of the environment [10],
in particular, thermosensory TRPA1, TRPV1, TRPV2, TRPV4,
TRPM3 and TRPMS [27, 33].

Strong evidence has been presented for the import-
ant role of TRPA1, TRPC6, TRPM2, TRPM5, TRPM7, TRPMS,
TRPV2, TRPV4 in airway function and pathogenesis of re-
lated diseases [13, 15-17].

For example, C-fibres, non-neuronal cells, airway cells,
smooth muscle cells, epithelial cells and fibroblasts express
TRPAT1 [36]. Cigarette smoke, car exhaust, air pollution, re-
active oxygen intermediates (ROls), and various tempera-
ture conditions are among the known TRPA1 agonists [37,
38]. Activation of sensory nerves via TRPA1 initiates cough-
ing, mucus secretion, airway hyperresponsiveness, inflam-
mation and development of wheezing [15, 17, 37, 39].

Vanilloid receptors (TRPV1-6) are localised in nocicep-
tive neurons, airway sensory fibres, on bronchial epithelial
cells, mast cells, macrophages and human airway smooth
muscle cells [14, 15, 28].

TRPV1 is present in airway sensory fibres lining the tra-
chea, bronchi and alveoli, and is also expressed in bron-
chial epithelial cells and in intrapulmonary arterioles.
The relationship between TRPV1 and bronchopulmonary
diseases has been demonstrated in vitro and in vivo. Acti-
vation of TRPV1 by agonists leads to the release of neuroki-
nin A, substance P and CGRP, which contribute to smooth
muscle contraction, mucus hypersecretion, coughing
and the development of asthma-like symptoms [13].
Of significance, a role for TRPV1, which is mainly expressed
in neurons, in IL-33 secretion by airway epithelium in re-
sponse to exposure to the house dust mite allergen HDM
and fungal allergens has recently been described [14].
Bronchospasm and asthma-like symptoms that develop
in response by exposure to cold air and high humidity
are associated with the involvement of not only TRPV1
but also TRPV2 and TRPV4 in osmoreception [16, 40].
TRPV1 and TRPV4 seem to contribute most significantly
to the development and exacerbation of BA [18].

TRPA1 channels often act in concert with TRPV1 [41].
These data suggest that the interaction between TRPA1
and TRPV1 may be essential in regulating the function
and excitability of pulmonary sensory neurons during air-
way inflammation. TRPV1 can also oligomerize with other
TRP family subunits, including TRPV3 [41].

TRPV1-4 are channels showing a predominance
of Ca2* influx over Na* influx, with TRPV5 and TRPV6 be-
ing Ca2* - only permeable channels [18]. In a review
by JH. Nam and W.K. Kim the relationship between TRP
channels and immune cells involved in the pathogenesis
of allergic diseases, as well as therapeutic agents targeting
these channels are discussed [30]. An increase in intracel-
lular Ca2* concentration causes the release of histamine,
anaphylactic chemotaxis factor of eosinophils and neutro-
phils from mast cells and leads to contraction of bronchial
musculature. This intracellular Ca2* signalling is provided
by TRP-channels involved in almost all types of immune
cells, in particular mast cells, T-cells and B-cells involved
in the pathogenesis of allergic inflammation characteristic
of allergic BA [30].
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3.LYSOPHOSPHATIDIC ACID, LPARS
AND TRP-CHANNELS IN THE PATHOGENESIS
OF WHEEZING

LPA synthesis is enhanced by inflammation, particu-
larly localised in the bronchopulmonary system [5, 42-46].
In vitro studies have revealed that LPA activates eosino-
phils, lymphocytes, mast, dendritic, epithelial and smooth
muscle cells in the airways.

LPA levels have been demonstrated to be significantly
elevated in the BAL of patients with BA [5]. Of interest, LPA
has been identified as a regulator of the epithelial-mesen-
chymal transition involved in the conversion of fibroblasts
to myofibroblasts and the development of airway remod-
elling [47].

The functions of LPA in the bronchopulmonary sys-
tem are conditioned by its reactions with LPARs [2, 5, 46]
and TRP-channels [4, 8]. As previously mentioned, cen-
tral to the effects of LPA is its ability to activate the small
GTPases Ras (Erk1/2 stimulation) and Rho-kinases via
Ga12/13 (ROCK stimulation) [26].

The Rho-kinase of the ROCK signalling pathway
is known to play a key role in maintaining the expression
of muscle contractions during smooth muscle activation.
Rho-kinase inhibition is currently being studied as a com-
ponent of combined treatment of wheezing in BA [48].
Accordingly, the LPA - LPARs — ROCK signalling pathway
requires to be studied closely.

LPA via LPAR1-3 activates p38 MAPK and JNK kinases
and induces IL-8 production, which increases inflamma-
tion and promotes airway remodelling in BA [5]. These
data are evidence that LPA plays an important role in aller-
gic airway inflammation and that blockade of LPARs may
have therapeutic potential in BA [5].

LPA is able to activate TRPA1, TRPM2 and TRPV1 [3, 17].
Currently, only sporadic works have focused on the inter-
action between LPA and TRPA1 in various pathologies [9].
TRPM2 are expressed in pulmonary endothelium and are
involved in the regulation of barrier function, cell death,
cell migration and angiogenesis [16]. Although LPA is able
to activate TRPM2 [3], their interaction in BA has not been
studied [17].

Recently, it has been described that LPA can activate
TRPV1 [3, 19]. M. Benitez-Angeles et al. reported that LPA
directly interacts with TRPV1 through the K710 residue
in the C-terminal of TRPV1 [19].

Interestingly, LPA has been implicated in the patho-
genesis of wheezing through interaction with LPAR
and TRPV1 [3, 4]. A series of works by N.G. Jendzjowsky
et al. was devoted to the study of the role of carotid bod-
ies in the occurrence of wheezing [3]. Carotid corpuscles
respond to changes in partial pressure of oxygen, carbon
dioxide, pH, temperature, and have also demonstrated
the ability to react in response to bacterial infection [49]
and exposure to allergens [3]. N.G. Jendzjowsky et al. have
revealed that the increase in blood LPA caused by aller-
gen exposure activates carotid cells and causes wheezing
via LPAR and TRPV1 [3]. This signalling pathway involves
PKCe (protein kinase C epsilon) binding LPAR1 and TRPV1
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to each other. In their recent work, N.G. Jendzjowsky et al.
also have revealed that repeated exposure to allergen in-
creases carotid body sensitivity to LPA as a consequence
of LPARs hyperexpression in carotid bodies. These exper-
imental data demonstrate the ability of allergens to sen-
sitise carotid cells, highlighting their role in the devel-
opment of BA and the involvement of the LPAR1T - PKCe
- TRPV1 pathway in the pathogenesis of asthmatic reac-
tions [3]. However, it is worth noting that this mechanism
has not yet been confirmed in humans.

In summary, the presented data evidence the thera-
peutic potential of LPA, TRP-channels and LPARs, which
play a definite role in the development of airway inflam-
mation and bronchospasm in BA.

4 MODERN THERAPEUTIC APPROACHES
TO THE REGULATION OF LPA ACTIVITY

LPAR antagonists

LPA as a potent signalling molecule affects numer-
ous physiological and pathological processes; therefore,
the control of LPA signalling is of growing pharmacothera-
peutic interest worldwide [20]. The action of LPA is mediat-
ed through the activation of several types of molecular tar-
gets, including LPAR1-6, which are now targeted by most
drug development methods in a wide range of patholo-
gies [20]. LPA signalling through its receptors, however,
is also associated with the development of pathological
responses that include, for example, stimulation of fibro-
sis or the development of atherogenesis, which should be
taken under consideration in drug development [20, 21].

In a brilliant review by S. Llona-Minguez et al. the re-
sults of 30 years of studies conducted in the pharmaceu-
tical industry in relation to LPA and its receptors have
been summarised [50]. The co-authors of the review note
that LPART and LPAR1/LPAR3 antagonists have attracted
the most attention for pharmaceutical development (Kirin
Ki16425). Of the two potential LPAR antagonist molecules
(BMS-986020 for the treatment of idiopathic pulmonary
fibrosis and SAR-100842 for the treatment of systemic
sclerosis), the study of SAR-100842 was discontinued [6].
S. Llona-Minguez et al. also analyse a number of develop-
mental issues: for example, the lack of potent and selective
low molecular weight LPAR3 and LPAR5 agonists, LPAR4
antagonists and the lack of LPAR6 modulators [50]. The au-
thors also identified a wide range of conditions in which
selective LPA modulators may be effective (fibrosis, throm-
bosis, cancer metastasis, urinary tract diseases, and several
others), while emphasising the inherent risk of side effects
and the need to develop new LPA modulators with se-
lectivity in mind. Also S. Llona-Minguez et al. emphasize
the need to detail the structure of LPA receptors and to de-
velop the design of new drugs on this basis [50].

Y.J.Lee et al.indicate the prospect of developing LPAR2
antagonists for the BA treatment [51]. The authors of this
study compared the effects of an antagonist (H2L5186303)
and an agonist (GRI977143) of LPAR2 in an experimen-
tal protocol for ovalbumin-induced allergic BA (OVA).



H2L5186303 demonstrated reduced airway hyperrespon-
siveness, decreased levels of inflammatory cytokines, mu-
cin production and eosinophil counts. The authors of this
study suggest that the development of LPAR2 antagonists
will achieve greater therapeutic efficacy in BA compared
to the action of agonists in this pathology [51].

M. Kondo et al. also demonstrated on the model
of allergic BA that administration of LPAR2 antagonist
(H2L5186303) effectively suppressed allergic inflammation
[5]. The authors revealed that the increase in IL-13 produc-
tion as a result of LPA stimulation was inhibited by treat-
ment with LPAR2 antagonists. The authors of this study
also demonstrated that LPA exacerbates allergic bronchial
inflammation by promoting Th2 differentiation and IL-33
production, whereas the LPAR2 antagonist controls IL-33
production. According to the conclusion of M. Kondo et al.
blockade of LPAR2 may be an effective therapeutic strate-
gy in BA [5].

N.G. Jendzjowsky et al. demonstrated that administra-
tion of LPA receptor antagonist (BrP-LPA) effectively blocks
bronchoconstriction in experiment [3].

Drugs inhibiting synthesis
or enhancing degradation of LPA

Many therapeutic agents are currently available that
inhibit LPA synthesis by affecting the reduction of autotox-
in activity or enhancing LPA degradation [43, 51-53].

There is currently sufficient evidence that the ATX-
LPA axis is involved in the processes of cancer initiation
and metastasis, the development of atherosclerosis, obesi-
ty, arthritis, glaucoma, acute and chronic liver failure, fibro-
sis of the liver, kidneys and lungs and many other diseases
and pathological conditions [21, 23, 44, 54, 55]. Some re-
searchers continue to support and develop the idea that
this axis plays an important role in the development of air-
way inflammation [21], particularly in BA [5, 45]. For exam-
ple, the role of the ATX-LPA axis in lung development, lung
function in norm and pathology is brilliantly summarised
in a recent study by S. Zulfikar et al. [21].

One possible method to affect the LPA signalling
pathway is through ATX inhibition [45, 52, 56, 57]. ATX in-
hibitors may be effective for the treatment of chronic in-
flammation [44, 52, 58]. New imidazo[1,2-alpyridine deriv-
atives are considered as potent allosteric inhibitors of ATX.
Their promising antifibrotic efficacy was demonstrated
in a mouse lung model [59]. J.W. Cuozzo et al. found inhi-
bition of LPA production through the interaction of com-
pound 1 (X-165) with autotaxin under experimental con-
ditions. This compound has also demonstrated efficacy
in a mouse model of fibrosis [53].

Itis conceivable that ATX is a relatively safe therapeutic
target, but to date there is insufficient information about
its safety in humans [45]. No ATX inhibitors are currently
approved by the US Food and Drug Administration (FDA),
with only two drugs in clinical trials, BBT-877 and BLD-0409
[52]. ATX inhibitor researchers concur that there is a need
to optimise their kinetic properties and to develop inhib-
itors with multiple targets. For example, in LPA-mediated
diseases, ATX, PLA, and PPAR may serve as targets [52].
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TRPV receptor antagonists

As mentioned above, LPA is able to activate TRP-chan-
nels (TRPA1, TRPM2 and TRPV1); some of them are involved
in the pathogenesis of wheezing [3]. These experimental
data demonstrate the ability of allergens to sensitise ca-
rotid cells and activate the LPART - PKCe — TRPV1 path-
way, which plays an important role in the pathogenesis
of asthmatic reactions. Since administration of a TRPV1
receptor antagonist (AMG9810) blocks the development
of wheezing, vanniloid receptors may be an important tar-
get for therapy of BA [3].

Thus, there are now a number of LPAR antagonists,
inhibitors of LPA synthesis, and drugs that enhance LPA
degradation that are effective in BA. In addition, there
is evidence that TRPV1 receptor antagonists are promising
for the treatment of wheezing.

CONCLUSION

LPA controls many physiological processes in the cell
and is one of the mediators whose expression is en-
hanced in inflammation localised in the bronchopulmo-
nary system. LPA receptors have been revealed to be
activated by a number of downstream signalling path-
ways through interactions with LPARs, nuclear receptors
and TRP-channels. Although LPARs are potent activators
of signalling pathways, the study of TRP-channels also
deserves close attention because of their involvement
in the pathogenesis of bronchial obstruction.

As evident from the literature provided, some
ATX and LPA antagonists reduce airway inflammation
and hyperresponsiveness underlying the pathogene-
sis of BA. A number of studies also point to the prom-
ise of developing LPA receptor antagonists (particu-
larly LPAR2) for the treatment of BA. In addition, there
is emerging evidence that TRPV1 receptor antagonists
are promising for the management of wheezing. Recent
studies also reveal that LPA is involved in the patho-
genesis of wheezing through interactions with LPAR
and TRPV1, which offers interesting prospects for the de-
velopment of inhibitors with multiple targets. A number
of researchers have indeed emphasised the need not
only to optimise the kinetic properties of ATX inhibi-
tors, but also to develop inhibitors with multiple targets
for their action. For example, in LPA-mediated diseases,
ATX, PLA and PPAR may serve as multiple targets. Based
on the analysed literature, we can also assume that
such multiple targets for the development of LPA inhib-
itors may be LPAR and TRP-channels, which will allow
to effectively influence the main links in the wheezing
pathogenesis. The purpose of this review was to draw
researcher attention to this area, which undoubtedly re-
quires further study.
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SOCIAL FACTORS IN THE FORMATION OF EATING DISORDERS: EXPERIENCE
OF SOCIOLOGICAL RESEARCH

Antonova N.L., ABSTRACT
Nagnoenko D.V.

Background. The increasingly complex structure of modern society and systemic
changes associated with the processes of digitalization and mediatization are raising
the issue of preserving the health of the younger generation, which is the most receptive
and vulnerable group to external impact.

The aim of the study. Based on survey data, to carry out an analysis of social factors
influencing the development of eating disorders in girls.

Materials and methods. The method of collecting information was an online sur-
vey of girls aged 18 to 25 years old, conducted in Yekaterinburg in the spring of 2023
(n = 205). Using in-depth interviews, 8 girls were interviewed to clarify the social
factors in the formation of eating disorders.

Results. In girls’ assessments, distorted body image, fear of weight gain, and orthorexia
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Corresponding author: are the signs of eating disorders. Social factors influencing the formation of an ideal
Natalya L. Antonova, body image and eating disorders are social media, circle of contacts, as well as the ex-
e-mail: n.l.antonova@urfu.ru ternal environment, which causes psychological and physical stress. Despite the neg-

ative perception of the content of communities promoting anorexic bodies, girls are
well aware of the published materials. The main tool for achieving the standard model
of a girl’s physicality is dietary practices, food restrictions and calorie counting, despite
the recognition of the negative consequences of their use.

Conclusion. Eating behavior for girls is one of the leading tools for achieving an ideal
body, ideas about which are formed today by social media, as well as the immediate so-
cial environment, including the opposite sex. Communities on social networks can serve
as a source for development of deviant eating attitudes, on the one hand, and a real
driving force in providing assistance and support to young people with signs of eating
disorders, on the other hand. We believe that online consultations with specialists
and the development of a parental culture of health protection can have a significant
impact on the development of harmonious, health-protecting eating habits.

Key words: eating behavior, eating disorders, social factors, social media, circle
of contacts, ideal female body, youth
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COUUAJIbHbIE ®AKTOPbl ®OPMUPOBAHMA NMULLEBbIX PACCTPOUCTB:
onbIT COUNONOTMYHYECKOIo NCCJIEAOBAHNA

AHTOHOBa H.J1,, PE3IOME
HarHoeHko [0.B.

O6ocHosaHue. YC/I0XXHAIWAACA CmpyKmypa cospemMeHHo20 obujecmeaa u cucmem-
Hble U3MeHeHUS, C8A3aHHble C npoyeccamu yugposusayuu u Meduamusayuu, akmya-
JU3Upytom 8onpoc o 300posbecbepexeHuU Mos100020 NOKOJIeHUS, Komopoe A8/iaem-
cA Haubosee sBocnpuumyusol U yazeumoU k 8o30elicmeusam sHewHel cpedbl 2pynnodl.
Lene uccnedosaHusa. Ha ocHoge onpocHbIx OdHHbIX OCyujecmaums aHaau3 co-
yuanbHelx hakmopos, 8UAIWUX HA hopMuposdHue y degywiek paccmpolcma
nuweso2o noseodeHus.
Mamepuansl u memoodsl. Memodom cbopa uHopmauyuu cman oHAAuUH-onpoc oe-
sywiek om 18 0o 25 nem, npogedéHHbIl 8 EkamepuHbypee secHol 2023 2. (n = 205).
C ucnonb3osaHuem 2y6UHHbIX UHMePBbIO 6bl10 oNpoweHo 8 desyuwiek 01 ymoYHe-
HUS cOYUabHbIX hakmopos hopMuposaHus OmkIoHeHUU 8 NULWEBOM NosedeHUU.
Pesynemamel. B oyeHkax 0esywek UCKaXEHHOe socnpusmue meJsa, cmpax Habo-
ABTOp, OTBETCTBEHHDIN 3a NePenucky:  Pd 8ecd, a MAK)e OpMOopeKCUsA ABJIAIMCA NPUSHAKAMU NUWEBbIX pdccmpolicme.
AHTOHOBA Hatanbsa HEOHMAOBHB, Couuaanb/MU d)aKmopaMU, sJluALLWUMU HA dJOpMUpOBGHue udeasnbHo20 o6pasa
e-mail: n.l.antonova@urfu.ru mesia u paccmpolcma nuwego20 nosedeHus, 8biIcmynarm coyudsbHele Meoud,
KOHMAaxkmHell Kpye,  Makxe 8HeWHAA cpedd, KOmopas 8bi3biedem ncuxosaoauye-
CKOe U (huszudeckoe HanpsxxeHue. HecMompsa Ha HezamugHoe 80cnpuamue KOHMeH-
ma coobwecms, nponazaHoUpyrWUX aHOPeKCUYHoe mesio, 0esylWKU NPeKPacHo
ocee0oMJIeHbI 0 NY6AUKYyeMbix Mamepuadnax. OCHOBHbIM UHCMPYMeHmMoM 0ocmu-
XKeHus 3MasoHHo20 0bpad3ya mesecHocmu 0esywKU 8bicmynarm ouemapHsie
Npakmuku, o2paHu4eHus 8 ede U N0OCYEM Kasaopul, HeCMOMpPA HA NPU3HAHUe He-
2amugHbix Noc/1edcmauli Ux Ucnos1b308aHUS.
3aknoyenue. luwesoe nogedeHue 0718 0esywek 8biIcmynaem OOHUM U3 8e0yujux
UHCMpyMeHmMoe 00CMUXXeHus udedsibHo20 mesid, NpedcmassieHus 0 KOmopom ¢op-
Mupyrom ce200HA coyuarsHele Medud, a makxe buxatiuiee COyuanbHoe OKpyXeHue,
8 MOM YUC/le NPOMUBONOJI0XKHO20 nosd. Coobujecmad 8 COYUAIbHbIX Cemsax Mo2ym
C/IYXKUMb UCMOYHUKOM CMAHO8J/IeHUs 0e8UAHMHbIX NUWEBLIX YCMAHOBOK, C 0OHOU
CMOPOHbI, U peanbHoU 08uxywel cusol 8 OKA3aHUU NOMOWU U NOOOEPXXKU MOJIO-
0EXU ¢ NpU3HaKamu paccmpolicmed nuwegoeo nosedeHus — ¢ Opyzou. lMonazaem,
Umo oHNaliH-KOHCYIbMayuu cneyuanucmos u pazsumue pooumessckol Kybmypbl
300po8bechepexxeHUs MO2ym OKAd3dme 3HAYUMeIbHOE 8/IUSHUE HA CMAHO8seHuUe
20PMOHUYHbIX 300p08bEPA3BUBAIOLLUX NULLEBbIX NPUBLIYEK.

®rAOY BO «Ypanbckuii bepepanbHblii
YHUBEPCUTET MMEHV

nepsoro pe3naeHTa Poccun B.H. EnbuyuHa»
(620002, r. EkaTepunbypr, yn. Mupa, 19,
Poccun)

Kntouesbie cnoga: nuwesoe nosedeHue, paccmpolicmed nuwesozo nosedeHus,
coyuasnsHele hakmopel, coyuasnbHele Meoud, KOHMAKMHbIl Kpye, UOeasibHOE XeH-
CKOe meJio, MOJI00EXb
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INTRODUCTION

Eating disorders are a serious and intractable
problem in modern health care systems. According
to J.F. Lépez-Gil et al. the overall proportion of chil-
dren and adolescents with eating disorders is 22.36 %,
with girls significantly more likely to report eating dis-
orders than boys [1].

Eating disorders (EDs) refers to a disorder of eating,
expressed as a lack of ability to control timely and cor-
rect intake [2]. The main types of eating disorders in-
clude anorexia nervosa, bulimia nervosa, and com-
pulsive overeating [3], which often lead to secondary
comorbidities. The main factors in the formation of an-
orexia nervosa are distorted perception of one’s body
andfalseinterpretation of others’attitudes —dysmorph-
ophobia [4], which develops in adolescence, and most
often in girls [5]. Patients with anorexia and bulimia
have depressive episodes [6], and the course of the dis-
eases is long-standing/chronic with possible remis-
sions [7]. Regarding compulsive overeating, excessive
food intake is associated with the desire to reduce
emotional stress [8].

Acting as one of the complex biopsychosocial
phenomena of human life, the formation of routin-
ised everyday practices of eating behaviour origi-
nates from an early age and is influenced by a wide
range of institutions and agents. In particular, parents
- agents of primary socialisation — have a great influ-
ence in forming children’s food habits both through
their own food attitudes and through control over
the child’s diet, which is implemented from the posi-
tion of restricting “unhealthy food” in general and forc-
ing to use exclusively healthy foods [9]. This can form
the attitude of eating “in reserve”in the absence of feel-
ing hungry. Peers included in the contact circle also ex-
ert pressure: ridicule from peers causes dissatisfaction
with the body and the desire to change it by restricting
food intake [10].

In the process of socialisation, eating behaviour be-
comes a tool for implementing a variety of functions,
acquiring sign-symbolic properties. In essence, eating
behaviour marks the social position of an individual
and becomes a reflection of his or her style and lifestyle,
in which orientation to standardised beauty standards
is not the least important. German researcher T. Fuchs
states that a person who tries to get in shape to meet
modern standards has a disturbed body image, experi-
ences increased anxiety and shame [11].

Modern media actively broadcast ideal body imag-
es. Researchers have revealed that an increase in eating
disorders is associated with women’s weight loss in mov-
ies and magazines [12]: women in TV shows and movies
between the ages of 21 and 39 are more likely to be
portrayed as thin and wearing revealing clothing than
women of other ages, and female characters with larger
and heavier bodies are virtually absent from the screen
in family films on prime-time television [13]. Digital In-
fluencers [14], which establish models of the ideal body
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(using special tools (retouching, filters, etc.)), creating
standards and proposing mechanisms for its construc-
tion, including through dietary practices, are becoming
increasingly important for the young generation.

THE AIM OF THE STUDY

To reveal social factors influencing the formation
of eating disorders in girls on the basis of survey materials.

MATERIALS AND METHODS

The sociological study was conducted in the spring
of 2023 in the city of Yekaterinburg. Using an online
survey, a questionnaire was conducted with 205 girls
aged 18 to 25: 49.8 % of the respondents had high-
er education; 2/3 of the girls said that at the time
of the survey they were in a romantic relationship
with the opposite sex, and 8 % had already married. We
emphasize that 39 respondents with a confirmed diag-
nosis from the eating disorder spectrum participated
in the survey. The remaining girls confirmed some diffi-
culties in the practices of implementing healthy/harmo-
nious/adequate eating behaviors to the screening ques-
tion of the questionnaire. The author’s questionnaire
contained 45 questions (closed, open, semi-closed).
The obtained materials were processed using the Vortex
program (Shkurin D.V.). To deepen the data obtained,
we also conducted 8 in-depth interviews with girls (Ta-
ble 1), the materials of which were transcribed and sum-
marized in accordance with the research objectives.

The study was of a pilot nature and its results cannot
be extended to the entire population of Russian girls,
but they demonstrate problem areas in the develop-
ment of young women'’s eating behaviour and reveal
the social factors that influence the formation of de-
viations in eating behaviour. The authors aim to draw
the attention of practitioners and managers to current
issues in the field of health care for the younger gener-
ation in general and reproductive health of the female
community in particular.

RESULTS AND DISCUSSION

The results of the study reveal that the signs of eating
disorders, as assessed by the girls, are, first of all, dis-
torted perception of their bodies, fear of gaining weight
and orthorexia, i.e. division of foods into “healthy”
and “harmful” (table 2).

The ideal body model is interpreted by the respon-
dentsinaverywiderange:from“hourglass”(25.7 percent)
to anorexic physique (24.9 per cent), with 68.3 per cent
of the surveyed girls striving to meet the latter stan-
dard. The results of in-depth interviews also testify
to the expansion of the boundaries of body standards:
«In fact, now, as | think, the standards are becoming more
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TABLE 1

TRANSCRIBED AND SUMMARIZED DATA FROM IN-DEPTH INTERVIEWS WITH GIRLS

The informant’s code Age
11 23
12 22
13 22
14 23
15 23
16 24
17 24
18 23

and more “blurred” [12]; «Now skinnies, heroin chic, thin-
ness is coming back into fashion again» [15]; «There are
always a lot of complaints about girls. Something that
will probably never go out of style is thinness. A skinny
body always looks more aesthetic» [I7];»Well, skinny girls
are always in fashion. An athletic body, too. What will al-
ways be in fashion is a slim waist, long legs, those golden
90-60-90» [18].

According to studies, impaired body perceptions
increase the risk of developing eating disorders [15].
Among the main daily practices aimed at matching
one’s own body to ideal standards, eating behaviour
takes the lead. Specifically, 29.2 per cent of those sur-
veyed plan to limit their food intake, and 40.7 per cent
of them have used diets and calorie counting. M. Fou-
cault believed that in any society the human body
is subjected to the discipline of obedience and certain
manipulations [16]. Concurrently, according to the girls
questioned, food restrictive disciplinary practices aimed
at developing an ideal body image lead to negative
consequences for both physical and mental health
(84.1 per cent). The most common are breakdowns af-
ter diets, fear of weight gain, obsessive thoughts about
food, and deterioration in mental health (Figure 1).

In our questionnaire, we asked female respon-
dents to assess the factors that influence perceptions
of the ideal body and patterns of eating behaviour
as a tool for achieving conformity to reference body im-
age patterns. According to the respondents, the sources
of stereotypes about the ideal female body are primarily
social media: accounts of media personalities in social
networks (24.3 %), as well as visual materials (photos/
videos) posted in communities (19.8 %). According
to the data obtained during the interviews, various body
images circulate in the Internet space, which for young
people become standards: «/t’s definitely social networks
in the first place» [11]; «..groups in VK (VKontakte)...» [I5];
«..the Internet, ... fitness bunnies, models, bloggers» [17].
Social media today is the most powerful conveyor belt
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Category
Employed

Student

Student
Employed
Employed

Employed, on maternity leave

Employed
Employed

of production and reproduction of appearance culture,
including the tyranny of slenderness (in the rhetoric
of V. Sokhan [17]), the perception of the body as a proj-
ect and gender stereotypical body ideals. According
to informants’ estimates, «overweight girls are not con-
sidered acceptable, let alone girls and women, for exam-
ple, with a size 50+» [I4], since «there is an ideal available
in the Internet, and if you do not correspond to it, you are
something «not like that», i.e. immediately there is judge-
ment, and you have to “adjust” yourself to the standards»
[13], as «there is a feeling of unworthiness, we become dis-
satisfied with our body and face, which causes ED» [15].

The specificity of modern media is that individuals
not only act as consumers of content, but also produce
social reality by participating in discussions, reposts,
and copywriting. Girls (89.8 %) surveyed confirmed that
they are/were subscribed to communities in the so-
cial network VK (VKontakte), the main topics of which
are unhealthy weight loss («40 kg», «Typical anorexic»,
«Fat logic», «Psychology of anorexia», «Fat anorexic»).
At the same time, 78.8 % of respondents answered that
they have a negative attitude towards them.

The interview texts also include recognition
of the content offered by community members and neg-
ative attitudes towards them: «/ am familiar with the 40 kg
community, all my friends used to subscribe to it. | some-
times went there, just to look, but | was not subscribed’
[12]; «I have never been a member myself, but | have a lot
of girls | know who have «stayed» there and from whom
I have heard stories about these groups. Well, maybe
a couple of times | went there just for the sake of interest»
[16]; «/ have a negative attitude towards such communi-
ties, because they promote unhealthy thinness, which can
be very harmful to the body. ...Especially now ED is very
popular among teenagers» [14]; «they form the wrong
type of figure..., ...ambassadors of thinness..., ...of course,
this is in the mind of a child or teenager. And if you don't
look like that, then you spend the rest of your life thinking
that something is wrong with you» [I5]; «it seems to me
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TABLE 2

SIGNS OF EATING DISORDERS EXPERIENCED BY FEMALE RESPONDENTS (% OF RESPONDENTS) *

92.7

81.0
80.5
52.2
473
424
415
415
288
273
254

244

17.6

17.1
15.1

13.2
7.8

Note. * — the sum of answers exceeds 100 %, because the respondents were given an opportunity to choose several answer options.

FIG. 1.
Consequences of restricting eating behaviour in order to achieve an ideal body model (% of respondents): the sum of responses exceeds
100 % because respondents were given the opportunity to choose more than one answer option
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that it only makes things worse and provokes the disease
even more; especially since it is as if they romanticise
it all, present it as something good, although there is to-
tal propaganda of ED» [I8]; «terrible communities, which
should be banned, cause enormous harm to adolescent
girls and young girls» [I13]; «such communities only ex-
acerbate the problem..... like the crab in a bucket effect,
when one wants to get out, others climb on top of him,
and in the end no one gets out. ...In general, such groups
should be banned, because it is very addictive» [16].

Such communities often publish photos of girls who
are emaciated, extremely thin, with imbalanced propor-
tions. Every third girl noted that she saw such photos quite
often, and 30.2 % answered that they observed these
photos every time they visited the community page.

We turned to the emotions that emerge in respon-
dents when viewing such photos (Table 3). J. Berger
and K.L. Milkman found that people are more likely
to convey emotionally charged information that elicit-
ed either a very positive response or a very negative re-
sponse [18]. The most common emotions experienced
when viewing such content are sadness, outrage, aggres-
sion and nervousness.

Turning to the content published in communities
about ED, the girls interviewed noted that they most often
encountered photos of girls asking for feedback on their
figure, encouraging weight loss and avoidance of food,
and suggesting diet plans (Figure 2).

The influence of materials published in the commu-
nities was also confirmed by the interviewees: «diseas-
es are romanticised there: everyone who “sits” there only
adds oil to the fire. You see these dead girls with thin legs
and arms every day, it makes you feel bad because you want
the same thing, but you can't do it. And it makes you hate

FIG. 2.

yourself even more» [I1]; «full romanticisation of diseas-
es, some jokes about ED, although not a funny topic at all.
They post pictures of anorexic women and take it as an ideal
figure, it's horrible» [I13]; «broadcasting a deliberately false
image of the “correctness” of the figure or nutrition, it can
destroy the psyche of a person in general» [I7]; «people de-
cide for themselves whether to “sit” there or not. But per-
sonally, | don’t understand it. | think it just makes it worse

TABLE 3

EMOTIONS EXPERIENCED WHEN SEEING PICTURES
OF GIRLS WITH UNHEALTHY THINNESS*

Emotions Index Rank

Sadness 2.9945 I

Exasperation 2.6593 Il

Aggression 2.2418 I
Nervousness 2.1703 v
Disgust 1.8791 \
Inspiration 1.5549 Vi
Superiority complex 1.5495 Vi
Envy 14121 Vil
Delight 1.3297 IX

Note. * - respondents’ evaluations were made on a 5-point scale, where
1 - never experienced an emotion; 5 - always experienced an emotion.
The index is calculated in the range from 1 to 5. The higher the index value,
the more often the girl experienced the emotion.

Frequency and focus of content viewed in communities with unhealthy weight loss topics: the index was calculated in the range from
1to 5; the higher the index value, the more often the girl encountered relevant content in the community
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and provokes the disease even more.» [I8]. We consider
it important to emphasise that despite the negative at-
titude in general towards communities promoting un-
healthy thinness, the interviewed girls are, nevertheless,
well aware of the materials posted, which form an attitude
towards the anorexic body as an ideal model and the prac-
tice of dietary restriction/refusal to eat as an effective tool
for achieving the standard.

Another factor that has a significant influence
as to the formation of girls’ perceptions of their ideal
body image and their eating behaviour is their imme-
diate environment: classmates/groupmates (29.6 %),
girlfriends/friends (12.7 %) and parental family (12.5 %).
The interview participants confirmed the significant role
of contact groups in the process of formation of ideas
about the standard of corporeality: «..not imposed,
but as if it is unconsciously being digested by the brain.
From some conversations in the environment, that is, no-
body directly says that a woman should be so-and-so, al-
though they constantly discuss full girls» [14]. Informants
attributed a special influence to boys/youth/men’s as-
sessment of ideal female bodies: «At school they laughed
at overweight girls, friends, especially boys...» [14], «...bul-
lying at school, society’s stereotypes, the opinion of some
left-wing guys who say that “a woman should be this
and that’..» [I1]; «...some men think it is their duty to write
some girl a bad word about her figure» [13]; «people can bul-
ly for being overweight, especially men, because a woman
should always be perfect, and a man is a little prettier than
a monkey [17] Male chauvinism becomes a significant fac-
tor in the formation of deviant eating behaviors. Accord-
ing to our online survey, 18.5 % of girls believe that a ste-
reotype circulates in public opinion that when eating out,
girls’ portions should be small («a girl should eat little»),
and each third shares the stereotype that it is necessary
to give up eating out in favour of weight loss («to lose
weight, all you have to do is stop eating»).

The parental family also acts as an important agent
in shaping the eating habits of the younger generation.
In the gastronomic culture of some families, for exam-
ple, one can observe the fascination of female moth-
ers with dietary practices that are carried out without
medical supervision. By forcing a child to finish a meal,
parents encourage them to be guided not by how they
feel, but by factors such as approval or permission to fin-
ish eating/leave the table. In our study, we invited girls
to identify food attitudes formed in childhood that have
a negative impact on overall health. Materials of the on-
line survey reveal that the most widespread are such atti-
tudes as rewarding with a sweet dessert after a full meal
(«you will get a chocolate bar only after you have eaten por-
ridge») (65.9 %); watching TV or content on a laptop/tab-
let/phone during a meal (51.7 %); delaying a meal if one
of the family members is late (20 %); finishing a meal only
after all family members have eaten (18.5 %).

The materials of in-depth interviews also testify
to the significant role of the parental family: «personally,
my mother and grandmother had a great influence on me:
they made me always finish eating, even if | had already
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had enough, now it is as if | have no sense of satiety, | can
eat endlessly» [14]; «...family attitudes: when, for example,
they forbid sweets, | want to eat them even more...» [13];
«and «Sovietesque» [«Sovietesque» — related to, correlated
with Soviet (in the sense of «<Soviet man», «Soviet power»,
«Soviet systemy)] attitudes that parents can instil: «you will
not leave the table until you eat everything», «l will give you
a candy only after soup», and so on. And my grandmother
always said: «why are you so thin, eat up!» [17].

In the course of in-depth interviews, girls paid at-
tention to the fact that external influences can cause
psychological and physical tension (stress/anxiety),
the way out of which becomes an eating disorder: «...
constant stress, against the background of which eating
of emotions appears... Because of school, some academic
failures, because of failed relationships, because of family
quatrrels... Food for ED women is like a cure for all diseases»
[11]; «food is perceived as a sedative» [13]; «it may be asso-
ciated to chronic stress, when a person cannot cope with it,
and ED may develop. After all, food is dopamine, and a per-
son tries to drown out stress with this dopamine» [I4]; «...
stress in various situations, which induces to eat emotions,
oron the contrary - to refuse to eat» [16]; «I think this disease
(ED) “comes out” against the background of stress. I've heard
this theory that when a person can't control something
in his life, he starts to control himself, his food, his body...
the focus shifts» [18]. The questionnaire also revealed
that 46.8 % of girls “escape” from stress by eating more
food, and 44.4 %, on the contrary, eat less, up to com-
plete refusal to eat. In addition, the findings revealed
that girls who experience stress almost every day have
a confirmed diagnosis from the eating disorder spectrum
(31 %). The data demonstrate that the external environ-
ment influences the mental and physical state of the body,
shaping deviations in food intake practices and creating
conditions for risky eating behavior.

CONCLUSION

The results of the conducted study led to the follow-
ing conclusions. Distorted body perception, fear of gain-
ing weight, and orthorexia are the most common signs
of eating disorders, according to girls. At the same time,
the key social factors influencing their formation are
stereotypes about the ideal model of the female body,
as well as the close contact circle, including relatives
and friends/acquaintances. In the era of digitalisation,
social media, including social networks, have a spe-
cial influence upon perceptions of beauty standards
and ways of achieving it. The study results reveal that
girls have a negative attitude towards them, but are
nevertheless involved in interacting and production
of content. To meet the standard, the interviewed girls
use dieting practices, food restriction and calorie count-
ing, with a significant proportion of respondents recog-
nising their negative consequences (breakdowns after
diets, fear of gaining weight again, obsessive thoughts
about food, deterioration of mental health).
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The body today becomes a construct embedded
in the socio-cultural space [19], which leads to the emer-
gence of a certain discourse: ideal body - eating behavior.
Social media has the potential to be a significant resource
in representing a healthy body and demonstrating healthy
eating behaviours. We assume that positive effects may
be observed with the widespread replication of eating
disorder recovery communities and social media groups,
where real people share their stories of «battles» with eat-
ing disorders. The expert opinion of specialists in the field
of treatment of this kind of disorders is also important, who
will provide advice and support in a dialogue mode using
social media. Special attention should be paid to the fam-
ily institution, which also needs professional counselling
aimed at establishing and developing a culture of eat-
ing behaviour in both the adult members of the family
and the younger generation.
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ABSTRACT

The role of arginine in the development of primary arterial hypertension continues to be
clarified up to the present moment. During natural metabolic processes in cells, meth-
ylated forms of arginine are produced — symmetric (SDMA) and asymmetric (ADMA)
dimethylarginine. ADMA is a nitric oxide synthase inhibitor and is now considered
a well-established marker for endothelial dysfunction. SDMA is not a nitric oxide syn-
thase inhibitor, but may indirectly reduce nitric oxide production through competitive
interaction with cellular L-arginine.

Currently, arginine preparations are practically not used for the treatment of primary
arterial hypertension. This was the rationale for the given scientific review. The article
summatrizes the information available in the literature (2018-2022) on the pathogenet-
ic mechanisms of the relationship between arginine and the development of impaired
vascular tone. We used PubMed and RSCI databases for our review. Using keywords,
1784 publications were found over the past 5 years. The final selection criteria were
time frame and matching keywords. The review provides data on the increased ADMA
concentrations in experimental hypertensive animals and individuals with essential hy-
pertension. The role of arginine metabolites in the genesis of endothelial dysfunction
and arterial hypertension and the prospects for the therapeutic use of this compound
are discussed.
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PE3IOME

Ponb apeuHuHa 8 pazsumuu nep8uyHol apmepudnabHol 2unepmeH3uu 00 HaCmMo-
AwWe20 8peMeHU Npodosxdem ymo4yHamocs. Bo 8pems ecmecmeeHHbIX 06MeHHbIX
npoueccos 8 Kiiemkax obpdsyromcs Memusiupo8aHHble (POPMbl AP2UHUHA — CUM-
mempu4Hell (SDMA, symmetric dimethylarginine) u acummempuyHsiti (ADMA,
asymmetric dimethylarginine) oumemunapauHuH. ADMA aenaemca uHaubumopom
CUHMA3bl OKUCU d30ma u 8 Hacmosuee 8peMs paccmampusdemcs 8 Kayecmee 06-
wenpusHaHHo20 Mapkepa 3HoomesuaasHol oucgyHkyuu. SDMA He aengemcs UH-
2ubUMOpPOM CUHMA3bl OKUCU d30md, OOHAKO MOXem KOCBEHHO CHUXAmb NpoOoyK-
YUto OKUCU a30ma nocpeocmeom KOHKYPEHMHO20 83aumMo0elicmaus C KJIemoyHbIM
L-apeuHuHOM.

B Hacmosuwee spema npenapamel ap2UHUHA NPAKMUYECKU He UCNOb3ylomcA 0715
JledeHUs nepsu4Hol apmepuanbHol eunepmeH3uu. 3mo [8U0Cb 060CHOBAHUEM
0aHHO20 HayyHo20 0630pa. Cmamesa 0b606wWaem uMewyca 8 1umepamype UH-
¢opmayutio (2018-2022 22.), NOCBAWEHHYIO NAMO2eHeMuUYecKUM MexaHu3Mam e3d-
UMOCBA3U ap2UHUHA C pazgumuem HapyweHus cocyoucmozo moHyca. Micnons3o8a-
Hbl 6a361 daHHbIX PubMed, PUHL|. [To Kntoyesbim criosam HatioeHs! 1784 nybaukayuu
3a nocniedHue 5 nem. Kpumepuamu oKkoHYamesnbHo20 ombopa 6buiiu 8peMeHHble
pPAaMKU U coendoeHue KJtouesbix c/108. B 063ope npusedeHbl OdHHble 0 N08blUEeHUU
KoHuyeHmpayuu ADMA y skchepumMeHmasieHelx 2UnepmeH3UBHbIX XUBOMHbIX U JIUY,
C 3cCeHyuanbHou 2unepmeH3sueli; 06cyx0eHa posib Memaboaumos dpeUuHUHd 8 2e-
He3e 3HOomesuaIbHoU OUCHYHKYUU U apmepudsibHOU 2unepmeH3uU U nepchekmu-
8bl MepanesmMuy4ecko20 Ucnos1b308aHUsS O0AHHO20 COeOUHEeHUS.

Knroueesble cnoea: nepguyHas apmepuasabHas 2unepmeHsus, apeauHuH, cuMme-
mpuy4Hell QUMemUuIapeuHUH, dcuMMempuyHeit OUMemuiap2UHUH, YUMPYJUIUH,
OKCuO0 azoma, CuHmasda okcuoa azomd, KOMOpOUOHOCMb
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Essential hypertension is the most common non-
communicable disease, occurring in more than 30-45 %
of the population worldwide and in the Russian Federation.
The prevalence of this pathology determines the risk of cor-
onary heart disease, myocardial infarctions, strokes, demen-
tia, chronic kidney disease [1]. This determines the constant
attention of scientists and clinicians to the pathogenesis
of high blood pressure (BP). In our country, the term «hy-
pertensive heart disease», proposed in 1948, is traditionally
used. G.F. Lang, to define a disease whose main symptom
is an increase in BP that is not associated with pathology
leading to secondary hypertension. Overseas, the terms «es-
sential hypertension» and/or «arterial hypertension» (AH)
are synonymous with this diagnosis.

The founders of the pathogenetic links in the formation
and progression of hypertension are G.F. Lang and A.L. My-
asnikov, who described the neurogenic theory of hyperten-
sion. These days it is a recognised section of pathogenesis
related to activation of the sympathoadrenal system. Since
this mechanism of BP increase is realised mainly through
alpha- and beta-adrenoreceptors, beta-adrenoreceptor
blockers are widely used in the clinic [2]. Alpha-blockers are
used less frequently, mainly in therapy-resistant hyperten-
sion and in individuals with benign prostatic hyperplasia.

Essential hypertension has been studied from various
perspectives, ranging from genetics [3, 4], physiology [5],
and in recent years microbiota [6-8] as previously underes-
timated areas of knowledge contributing to the identifica-
tion of the aetiology of the disease. Dysfunction of the en-
dothelium with predominant production of vasoconstrictor
substances with a simultaneous decrease in the produc-
tion of bradykinin, nitric oxide, prostacyclin and other
compounds that reduce vascular tone plays a crucial role
in the formation of hypertension.

Each direction individually has made unique con-
tributions to the understanding of the different mecha-
nisms of BP regulation. However, metabolic dysfunction
as one of the links in the pathogenesis of primary arterial
hypertension (PAH) is poorly understood. The amino acid
L-arginine serves as the main substrate for nitric oxide
(NO) production in blood vessels. NO has been called
the «molecule of the twentieth century», as the use
of drugs based on this molecule significantly improved
the prognosis of patients not only with cardiovascular
diseases, but also with other pathologies. L-arginine has
previously been evidenced to reduce systemic blood
pressure in some forms of experimental hypertension,
but the comorbid pathology is poorly understood. Pre-
vious studies, although not uniform, have revealed pos-
itive results of the effects of L-arginine supplementation
on endothelial function. As yet, however, they have not
found widespread use in clinical practice. The above was
the rationale for this scientific review.

THE AIM

Study of the arginine role in the regulation of endo-
thelial function and vascular tone.
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This review summarises the information available
in the literature (2018-2022) addressing the pathoge-
netic mechanisms of arginine’s relationship with the de-
velopment of vascular tone disorders. We used PubMed
and RSCl databases for our review. The key words
for the search were «primary arterial hypertension», «ar-
ginine», ‘symmetrical dimethylarginine, ‘asymmetrical
dimethylarginine, ‘citrulline) ‘nitric oxide), and ‘nitric oxide
synthase’ 1,784 publications were found by keywords,
mostly in the last 5 years. The final selection criteria were
time frame and matching keywords.

1. ROLE OF ARGININE IN PHYSIOLOGICAL
CONDITIONS

In 1998, American scientists Louis J. Ignarro, Ferid Mu-
rad and Robert Francis Furchgott were awarded the No-
bel Prize in Physiology and Medicine for their discovery
oftherole of nitric oxide as a signalling molecule in the reg-
ulation of the cardiovascular system. With the discovery
of the NO role, new opportunities for the treatment of car-
diovascular diseases have emerged.

L-arginine, hereinafter referred to as arginine,
is a semisubstitutable or conditionally essential amino
acid since it can be synthesised by healthy individu-
als [9]. The name comes from the Greek word &pyuvpog
(silver), the typical colour of arginine nitrate crystals.
Its chemical formula is 2-amino-5-guanidinopentano-
ic acid. In the body, arginine is synthesized from L-ci-
truline. The L-citruline molecule is converted by argi-
ninosuccinate synthase enzymes into an intermediate
product, argininosuccinate, which is cleaved by argini-
nosuccinate lyase to arginine and fumarate. Through
fumarate, the arginine conversion cycle and NO forma-
tion are linked to the tricarboxylic acid cycle. Arginine
is used in cells to synthesise not only NO, but also pro-
teins, urea, creatinine, polyamines, proline, and gluta-
mate [10]. Arginine is involved in a number of biological
processes, being the basis of many reactions for the syn-
thesis of other amino acids, as well as a substrate for two
enzymes: nitric oxide synthase (NOS) and arginase,
which are essential for the formation of NO and urea,
respectively.

0 NH,
I H |

Citrulline formula
NH NH,
I H |
H,N— C —N—CH,—CH, — CH — COOH

Arginine formula



The definition of «nitric oxide» refers to the reduced
form of NO with a half-life from 2 to 30 s [11, 12]. Its sta-
ble final metabolites are nitrite (NO,) and nitrate (NO,).
Total indicator (nitrite and nitrate) is a product of NO,
which is an indirect marker of nitric oxide concentration
in the body. In body fluids, including plasma, most ni-
trite is converted to nitrate [13].

The nitric oxide synthase family includes endotheli-
al NOS (eNOS), neuronal NOS (nNOS) and inducible NOS
(iNOS).These NOS isoforms catalyse the conversion of ar-
ginine and L-homoarginine to NO, one of the most po-
tent physiological vasodilators and inhibitors of platelet
aggregation [14]. NO and other endothelial substanc-
es including prostacyclin (vasodilator) and endothelin
(vasoconstrictor) have been revealed to play important
roles in cardiovascular physiology and pathology [15].
Altered endothelial NO homeostasis as a result of endo-
thelial dysfunction has been revealed to lead to cardio-
vascular diseases [16].

NO is synthesised from arginine by the enzyme
NOS in a reaction involving electron transfer from nic-
otine amide adenine dinucleotide phosphate (NADP)
- via flavinadenine dinucleotide and flavinmononucle-
otide in the C-terminal reductase domain - to heme
in the N-terminal oxygenase domain, where the sub-
strate arginine is oxidised to citrulline and NO [17].
The formation of NO occurs in two steps. First, NOS
hydroxylates arginine to Nw-hydroxy-arginine (which
remains largely bound to the enzyme). NOS then oxidis-
es Nw-hydroxyarginine to citrulline and NO [18]. Under
normal conditions, NOS catalyses the conversion of ar-
ginine, O, and NADPH electrons into NO and citrulline.
However, in the presence of pathological conditions
such as atherosclerosis and diabetes mellitus, NOS func-
tion is altered and the enzyme catalyses the reduction
of 0, to superoxide (0,), a phenomenon commonly re-
ferred to as «NOS uncoupling» [19, 20].

2. THE ROLE OF ARGININE IN PATHOLOGY

One of the main mechanisms for the development
of PAH is endothelial dysfunction [21-23]. In addition
to PAH, it plays a role in the development of other dis-
eases, including diabetes, atherosclerosis, and others.
More importantly, many authors have revealed that
the systemic manifestations observed in COVID-19 can
be explained by endothelial dysfunction [24-26]. Actu-
ally, alterations in endothelial function have been asso-
ciated with hypertension, diabetes mellitus, thrombo-
embolism and renal failure, which have been observed
to varying degrees in COVID-19 patients [27-30].
H.M. Al-Kuraishy, et al. [31] revealed that due to antivi-
ral and immunomodulatory effects, L-arginine and re-
leased NO have interrelated effects against SARS-CoV-2
infection.

Over recent years, there has been growing inter-
est in the potential therapeutic effects of arginine
supplementation, especially in cardiovascular disease.
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Disruption of NO synthesis is considered a major sign
of endothelial dysfunction [32]. Concurrently, some
authors have revealed that arginine intake in healthy
subjects does not significantly increase NO production
[33]. For instance, daily administration of citrulline or ar-
ginine during 8 days to 15 well-trained swimmers had
no effect on serum NO concentration, nor did it improve
their performance at 100 and 200 m [34].

That said, other studies reveal the positive effects
of arginine supplementation in healthy individuals.
For example, arginine supplements have been tested
on athletes because vascular dilation promotes oxygen
perfusion during exercise, enhancing muscle strength
and recovery [35]. These studies have produced con-
flicting results, sometimes finding no effect of arginine
supplementation over physical performance and some-
times finding a significant improvement in exercise tol-
erance [36, 37].

The paradox of arginine is that although its intra-
cellular physiological concentrations are only a few
hundred micromoles per litre, thus exceeding the Km
of eNOS, acute administration of exogenous arginine
further increases NO production [38]. One mechanism
that may help explain the arginine paradox is relat-
ed to the discovery of asymmetric dimethylarginine
(ADMA), an endogenous NOS inhibitor [39].

Symmetric dimethylarginine (SDMA) is not a NOS
inhibitor, but can indirectly reduce NO production
through competitive interaction with cellular L-arginine
[40]. SDMA is a methylated arginine amino acid. SDMA,
together with its biologically active structural isomer
ADMA, is formed as a consequence of intranuclear
methylation of L-arginine residues of various regulatory
proteins and is released into the cytoplasm after pro-
teolysis. SDMA is excreted by the kidneys, while ADMA
is largely metabolized [41].

Increased ADMA concentrations have been re-
vealed in hypertension in experimental animals [42,
43]. An increase in ADMA concentration was recorded
with PAH. Thus, in children aged 12-17 years, this in-
dex was observed to increase to 0.640 = 0.017 umol/I,
which was statistically significantly (p < 0.01) higher
than the level of the control group - 0.27 £ 0.02 pmol/I
[44]. In paediatric PAH, ADMA levels were directly cor-
related with beta-salusin, but no relationship between
beta-salusin and SDMA was revealed [45]. A cross-sec-
tional study involving school children aged 6-9 years
from the Eastern Cape Province of South Africa revealed
a direct correlation between obesity, hypertension
and ADMA [46].

V.I. Podzolkov et al. revealed a statistically sig-
nificant increase in ADMA concentration in patients
with essential arterial hypertension compared to phys-
iological norm. Moreover, this increase was greater
in the group with uncontrolled AH (UAH) compared
to controlled AH (CAH). In intergroup analysis among
patients with UAH, there was a significant positive cor-
relation between ADMA concentration and creatinine
level (r = 0.615; p < 0.05), and a statistically significant
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negative correlation between ADMA level and renal fil-
tration function assessed using the glomerular filtration
rate (r =-0.444; p < 0.05). With increasing levels of ADMA
in serum, a statistically significant decrease in glomer-
ular filtration rate was observed (p < 0.05). Also, a sta-
tistically significant positive correlation between ADMA
content and progression of brachiocephalic artery ste-
nosis was revealed in the group of patients with UAH
(r = 0.5; p < 0.05). The authors believe that statistically
significant correlation between ADMA level in patients
with UAH and parameters of renal function decline
and progression of brachiocephalic artery stenosis indi-
cates the potential use of arginine as a marker of target
organ damage and prognosis of the disease course [47].

Considering its similar structure to arginine, ADMA
is a direct competitor for NOS binding. More important-
ly, both ADMA and arginine are transported into the cell
via a highly affinity Na+-independent carrier of basic
amino acids [48], and therefore also compete with each
other at this level. Since ADMA competes with arginine
for NOS and cellular transport, NO bioavailability de-
pends on the balance between the both.

Arginine administration can balance the arginine/
ADMA ratio, restoring NO production. The increased
availability of arginine as a result of ingestion, in other
words, competes with ADMA in binding eNOS. This in-
teresting mechanism sheds light into the efficacy of in-
creased arginine availability, suggesting its further ther-
apeutic potential [49].

3. DISRUPTION OF NO PRODUCTION
AS A MECHANISM OF ENDOTHELIAL
DYSFUNCTION AND ARGININE INTERVENTION

The ability of the endothelium as a regulator of vas-
cular homeostasis is largely dependent on NO produc-
tion, making insufficiency of endothelial vasodilators
a major sign of endothelial dysfunction. The impaired
endothelial availability of NO in the vascular network
may be associated with decreased NO synthesis or, in-
directly, with increased production of reactive oxygen
intermediates (ROIs), which inactivates the NO source
[50].In addition to counteracting oxidative stress, stimu-
lation of NO synthesis represents an alternative and po-
tentially effective approach, for example by providing
additional substrates to NO synthase. Arginine supple-
mentation theoretically fulfils these needs and therefore
they have been tested in many cardiovascular diseases
as a potential therapeutic strategy [51]. Studies exam-
ining the use of arginine on humans, however, have
often been controversial. Actually, in healthy individ-
uals as well as in patients with cardiovascular disease,
plasma arginine levels range from ~45 to ~100 umol/L
[52], which is significantly higher than the eNOS Km
of 2.9 umol/L. Endocrine mechanisms may also contrib-
ute to arginine-induced vasodilation. In fact, arginine
stimulates the release of insulin and glucagon by pan-
creatic islets of Langerhans [53].
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Numerous data indicate that endothelial dysfunc-
tion is common in many diseases. A.A. Khan et al. re-
vealed it in atrial fibrillation and associated a high risk
of complications with endothelial dysfunction [54].
Endothelial dysfunction and C-reactive protein predict
the incidence of heart failure in patients with arterial hy-
pertension [55]. Endothelial dysfunction is also associ-
ated with age-related decline in cognitive and physical
function [56], as well as with the pathogenesis of stroke
[57], diabetes mellitus [58], erectile dysfunction [59]
and heart failure [60].

Clinical studies examining the effects of arginine
against endothelial dysfunction caused by aging have
yielded conflicting results. Acute intravenous infusion
of arginine (1 g/min for 30 min) had no effect on endo-
thelial-dependent vasodilation in healthy elderly sub-
jects [61]. However, intravenous arginine administra-
tion caused a significant increase in renal plasma flow,
glomerular filtration rate, natriuresis and potassauresis
in young but not in elderly hypertensive patients [62].

4. ARGININE INTAKE IN HYPERTENSION

Most studies in animal models have confirmed
the beneficial effects of citrulline and arginine sup-
plementation in elevated BP. The arginase pathway
is responsible for the catabolism of 76-85 % and 81-
96 % of arginine in the extraintestinal tissues of pigs
and rats, respectively. Arginine supplementation (315
and 630 mg Arg/(kg body weight per day) for 91 days)
had no adverse effects on male and female pigs. Sim-
ilarly, no safety concerns were observed in male or fe-
male rats supplemented with 1.8 and 3.6 g arginine/(kg
body weight per day) for at least 91 days. Intravenous
administration of Arg-HCl to pregnant ewes at doses
of 81 and 180 mg Arg/(kg body weight per day) is safe
for at least 82 and 40 days, respectively. Animals receiv-
ing a normal diet can tolerate large amounts of Arg
(up to 630 mg Arg/(kg body weight per day) for pigs
or 3.6 g Arg/(kg body weight per day) for rats) well
for 91 days, equivalent to 573 mg Arg/(kg body weight
per day) for humans. Collectively, these results may help
in studies to determine the safety of long-term oral ad-
ministration of Arg in humans [63].

Brazilian authors have assessed whether endotheli-
al function of vertebral arteries (VA) is impaired in men
with hypertension. In 13 men with arterial hyperten-
sion (46 + 3 years) and 8 men from the control group
of the same age (46 + 4 years), BP (photoplethysmog-
raphy), blood flow in the vertebral (VA) and common
carotid artery (CCA) was determined by duplex ultra-
sound. Results were recorded at rest and within 30 min
after intravenous injection of L-arginine (30 g) or isoton-
ic solution. The control group and hypertensive patients
demonstrated similar blood flow at rest (601 = 30 ml/
min vs. 570 =43 ml/min in controls; p =0.529) and blood
flow in VA (119 £ 11 ml/min vs. 112 = 9 ml/min in con-
trols; p = 0.878). During L-arginine administration, blood



flow in the CCA increased equally between groups
(12+3 % in the group with AHand 13 + 2 % in the con-
trol group; p = 0.920). In contrast, increased blood
flow in VA was absent in subjects with hypertension
(0.8 = 3 % compared with controls, 16 = 4 %; p = 0.015)
without significant change in BP. Flows in both CCA
and VA returned to near resting values within 30 min-
utes after infusion, and four patients with hyperten-
sion and three of the control group had no significant
effect on blood flow in VA or CCA. The results demon-
strate endothelial dysfunction in the posterior cerebral
circulation in middle-aged men with arterial hyperten-
sion [64].

Iranian authors studied the effect of L-arginine
supplementation over BP by conducting a systematic
review and meta-analysis of dose-effect relationships
in randomised placebo-controlled clinical trials (RCTs).
They searched online databases for relevant keywords
up to April 2021 to identify RCTs using oral L-arginine
supplementation to measure systolic BP (SBP) and dia-
stolic BP (DBP) in adults. Inclusion criteria were adult par-
ticipants and duration of intervention > 4 days. Exclusion
criteria were L-arginine infusions and emergency inter-
ventions. A random effects model was used to estimate
the weighted mean difference (WMD) and 95% confi-
dence interval (95% Cl). 22 RCTs were included in this
meta-analysis. Pooled analysis demonstrated significant
reductions in SBP (WMD = -6.40 mmHg; 95% Cl: -8.74;
-4.05; p < 0.001) and DBP (WMD = -2.64 mmHg; 95% Cl:
-3.94; -1.40; p < 0.001) after L-arginine supplementa-
tion. Subgroup analyses showed significant reductions
in SBP and DBP regardless of baseline BP category (nor-
motensive, hypertensive), study duration (< 24 days,
> 24 days), sex (female, male), health status (healthy,
unhealthy), and body mass index (normal, overweight,
obese). No significant changes were observed at doses
> 9 g/day, trial duration > 24 days, or in obese sub-
jects. L-arginine supplementation also reduces DBP
more effectively in women than in men. Moreover, me-
ta-regression analysis of DBP demonstrated a signifi-
cant association between the dose of L-arginine intake
and DBP changes (p = 0.020). In non-linear dose-re-
sponse analysis, the effective dose of L-arginine was
found to be = 4 g/day for SBP (p = 0.034) regardless
of study duration. Overall, the authors believe that
L-arginine supplementation may be effective in reduc-
ing BP [65].

Chinese authors have examined the effects of traf-
fic-related air pollution over BP, cardiovascular disease,
and mortality. They aimed to assess the potential effica-
cy of L-arginine supplementation in mitigating adverse
cardiovascular effects in adults with elevated BP while
walking outdoors under conditions of vehicular air pol-
lution using a randomised, double-blind, placebo-con-
trolled trial. A total of 118 adults with elevated BP were
enrolled and randomly assigned to either a placebo
group or an intervention group with L-arginine supple-
mentation at a dose of 9 g/day for 2 weeks. On day 14,
participants from the two groups walked in pairs along
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the carriageway for 2 hours. Resting BP, L-arginine ni-
tric oxide metabolites, and inflammatory biomarkers
were measured before, during, and after a 2-hour expo-
sure, and BP measurement and Holter monitoring were
performed during a 2-hour outdoor walk. Participants
in the main group had significantly increased plas-
ma L-arginine levels compared to the placebo group
after supplementation. Both groups were exposed
to the same traffic-related air pollutants. However, par-
ticipants in the main group revealed a significant de-
crease of 5.3 mmHg (95% CI: -9.9; -0.7) in resting SBP,
4.3 mmHg - in resting DBP, and 4.6 mmHg (95% Cl: -7.9;
-1.3)inresting mean blood pressure (mBP) at 30 minutes
after a 2-hour outdoor walk compared with the placebo
group. There were also significant reductions in ambula-
tory SBP, DBP, and mBP (7.5-9.9 mmHg, 5.3-7.6 mmHg,
and 4.7-7.9 mmHg, respectively) during walking
in the main group compared with the placebo group.
No significant changes in ST segment levels, L-argi-
nine (NO) metabolites and inflammatory biomarkers
were revealed, and no statistically significant associ-
ations were observed between specific traffic-related
air pollutants and measures of cardiovascular health.
The study reveals that oral L-arginine supplementation
was safe and well tolerated, and could improve BP levels
in adults with elevated BP while walking in the air, even
when it was polluted due to traffic [66]. Other authors
also reveal a favourable effect of arginine supplementa-
tion on the course of PAH [67-69].

CONCLUSION

In summary, the amino acid arginine is a molecule
involved in BP regulation. Asymmetric dimethylarginine
and its structural isomer, symmetric dimethylarginine,
are predictors of the development of a complicated
course of cardiovascular disease. Previous studies con-
ducted in relation to the therapeutic use of arginine are
contradictory, making it difficult to put the results into
practice.

Overall, the literature data recommend arginine
supplementation for cardiovascular disease, especially
to prevent the development of hypertension and ath-
erosclerosis. One of the limitations of arginine supple-
mentation remains the selection of the optimal target
group. With respect to these concerns, we believe that
ADMA levels can be very useful in selecting a target
population, and patients with an elevated ADMA/ar-
ginine ratio are probably the most appropriate group
for whom arginine supplementation may indeed be ef-
fective. Another limitation to the use of arginine con-
cerns its dosage. Indeed, the available evidence offers
a range of different doses — sometimes effective, some-
times not. Unfortunately, much of the evidence about
the effects of arginine with regard to hypertension
comes from small clinical trials, and despite the prom-
ising efficacy, further, especially large, randomised
and controlled trials are needed.
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ABSTRACT

Background. Increase of the epicardial adipose tissue (EAT) thickness is associated
with development of inflammation and cardiovascular complications, however, there
is no data on the relationship between EAT thickening and the number of immunosup-
pressive regulatory T lymphocytes.

The aim. To study the number of circulating T regulatory lymphocytes and nuclear
translocation of the FoxP3 transcription factor in patients with stable coronary heart
disease (CHD) depending on the epicardial adipose tissue thickness.

Materials and methods. We examined 30 patients with chronic stable CHD. The EAT
thickness was measured by echocardiography. Patients were divided into groups de-
pending on the presence and absence of EAT thickening above 5 mm (groups 1 and 2,
respectively). Imaging flow cytometry was used to determine the number of T regu-
latory lymphocytes and the level of FoxP3 nuclear translocation. The concentration
of cytokines and high sensitivity C-reactive protein (hsCRP) was determined using en-
zyme-linked immunosorbent assay in blood serum.

Results. In group 2, there was an increase in low-density lipoprotein cholesterol con-
centration (p = 0.043), ratio of low-density lipoprotein cholesterol to high-density lipo-
protein cholesterol (p = 0.017) and the concentration of hsCRP (p = 0.044) and IL-1f3
(p = 0.005), a decrease in the number and relative count of T requlatory lymphocytes
(p = 0.020 and p = 0.026, respectively), as well as the number of cells with FoxP3 nu-
clear translocation (p = 0.018) compared to group 1. According to multiple logistic re-
gression, the concentration of hsCRP, IL-18 and T regulatory lymphocytes relative count
in total were the predictors of EAT thickening (accuracy 80 %; sensitivity 75 %; specificity
84.6 %; AUC = 0.89).

Conclusion. Thickening of epicardial adipose tissue in patients with coronary heart
disease is associated with a decrease in the number of T regulatory lymphocytes
and FoxP3 nuclear translocation in them in presence of comparable anthropometric
parameters of obesity and the severity of coronary atherosclerosis.

Key words: epicardial adipose tissue, T regulatory lymphocytes, FoxP3, interleukin 1,
lipids, imaging flow cytometry, atherosclerosis
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PE3IOME

O6ocHo8aHue. YgenuyerHue mosiuuHbl SnukapoudsibHol xuposol mkaHu (IXKT) ac-
coyuupyemca ¢ pasgumuem 80CNaaeHUA U cepoeyHO-CcoCyOUCMbIX OC0XHEHUU, OOHA-
KO OaHHble 0 83aumoceA3u mexdy ymonujeHuem KT u Koslu4ecmeom pezyiasmopHbix
T-numgoyumos omcymcmayrom.

Llenoto uccnedosaHus [8/15/10Cb U3yHeHUE COOepXAaHUs YUPKyupyrwux T-peey-
JIAMOPHbIX IUMpOYUMOo8 u A0epHoOU mpaHciokayuu gakmopa FoxP3 y nayueHmos
co cmabunsHol uwemuyeckoli 6onesHbio cepoya (MbC) 8 3asucumocmu om mosiuuHs!
3NUKapouanbHoU Xuposol MKAHU.

Memooebl. O6cnedosarHo 30 nayueHmMos ¢ xpoHudeckoli cmabunbHol MBC. Ton-
WuHy KT usmepanu memoodom sxokapouozpaguu. [layueHmeol 6biu pazoeneHsl
Ha 2pynnel 8 3a8UCUMOCMU OM OMCYMCMBUSA U Hasauyus ymonweHusa KT 6onee 5
MM (2pynnel 1 u 2 coomeemcmeeHHo). Memodom npomoyHoU yuumomempuu ¢ 8u-
3yanuzayuel onpedesanu cooepxaHue T-pe2yaimopHbIX TUMEBOYUMO8 U yposeHsb
A0epHol mparcnokayuu FoxP3. Memodom umMmyHogepMeHmMHo20 aHanau3d 8 Cbi-
80pOMKe Kpo8U onpedesiau cooepXaHue UUMmOoKUHO8 U 8bICOKOYY8CMBUMEeIbHO20
C-peakmugHozo 6enka (84CPb).

Pe3ynemamel. B 2pynne 2 8bisig/1eHO y8esiuyeHue co0epXaHus xosiecmposd iunonpo-
meuHo8 Hu3kol ninomHocmu (p = 0,043), coomHoweHUs xoecmepona unonpome-
UHOB HU3KOU NJIOMHOCMU K X0/1ecmepos1y JIUNONPOmMeuHo8 8bICOKOU naomHocmu (p
= 0,017) u koHueHmpayuu 84CPb (p = 0,044) u IL-1B (p = 0,005) u cHUXxeHUe OMHoCU-
mesibHO20 U abCcomomHo20 cooepxaHus T-pe2yniamopHeix numgpoyumos (p = 0,020 u p
= 0,026 coomeemcmaeeHHO), d MAk»e Ko/lu4ecmaa Kiemok ¢ A0epHoli mparciokayueti
FoxP3 (p = 0,018) no cpasHeHuto ¢ epynnoli 1. [1o OaHHbIM MHOXecmeeHHOU /lo2ucmu-
yeckoU pezpeccuu kKoHyeHmpayuu 84CPb, IL-1 u dona T-pe2ynamopHeix nuMpoyumos
8 COBOKYNHOCMU ABJIA/IUCL NPeOUKMOopamu Haauyua ymonujeHus KT,

3aknoyeHue. YmorsuweHue 3nukapouaabHol Xuposol mkaHu y nayueHmos ¢ NbC
accoyuupyemcs co CHUXeHUeM CoO0epXXaHus T-pe2yiamopHbix TUMGOYUMO8 8 Kposu
u A0epHol mpaHcaokayuu hakmopa FoxP3 8 HUX npu conocmasuMbix aHMponome-
mpuy4ecKux napamempax OXXUpeHUs U 8bIpaxxeHHOCMU KOPOHAPHO20 amepocK/iepo3d.

Knioueable c108a: snukapouanbHas Xupoeds mKaHe, T-pe2ynsmopHsle TUM@Boyu-
mei, FoxP3, uHmepnelkuH-1, naunudel, npomoyHas yumomempus ¢ eusyanuzayued,
amepockiepos

Ana untnposanma: Konorpusosa W.B., Xaputornosa O.A., Imutpiokos A.A., KpaBueHKO
E.C., Kowenbckaa O.A., Cycnosa T.E. Bzanmoceasb copepxanna FoxP3+ T-perynatopHbix
NMMGOLIMTOB 1 TONLUMHBI SMMKAPANANbHOW XKUPOBOW TKaHW Y NaLYEHTOB C MLLEMUYECKON
6onesHblo cepaua. Acta biomedica scientifica. 2024; 9(1): 42-52. doi: 10.29413/ABS.2024-
9.1.5
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BACKGROUND

Epicardial adipose tissue (EAT) is a unique fat de-
pot localised between the myocardium and the visceral
layer of the epicardium. EAT is closely related to cardiac
tissue both anatomically and functionally and contrib-
utes to the pathogenesis of a number of cardiovascu-
lar diseases such as coronary heart disease (CHD), atrial
fibrillation and heart failure [1].

Increased EAT thickness determined by echocardi-
ography is a reflection of ectopic fat deposition, which
is associated with increased cardiovascular risk [2, 3].

It is evidenced that the content of immune cells
in EAT is the highest compared to other fat depots
and is about 20 % of the total number of cells [4]. EAT
in patients with CHD is characterised by marked inflam-
mation associated with infiltration by macrophages
with predominantly proinflammatory M1 phenotype,
mast cells and cytotoxic T-lymphocytes, and the severity
of inflammation in EAT, as a rule, exceeds that not only
in subcutaneous adipose tissue (SAT), but also in any
other visceral fat depot, and the thickness of EAT direct-
ly correlates with the severity of inflammation in it [1].

Regulatory T lymphocytes (Treg) represent a distinct
and important subpopulation of T lymphocytes that
provides protection against the development of au-
toimmune reactions and excessive immune response.
The CD4*CD25"FoxP3* Treg subpopulation, which
in norm is 5-10 % of all CD4* T-cells in peripheral blood
and lymphoid organs, is the most characterized. Treg cell
deficiency is associated with signs of subclinical inflam-
mation in patients at high and very high cardiovascular
risk and increased high-sensitivity C-reactive protein
(hsCRP) [5]. Treg lymphocytes exert immunosuppres-
sive function both by contact, through direct interre-
ceptor interaction, and by secretion of anti-inflammato-
ry cytokines. The key cytokines of Treg lymphocytes are
interleukin (IL) 10 and transforming growth factor (TGF)
B [6], while IL-1 suppresses their activity [7]. The state
of lipid metabolism, including the activity of propro-
tein convertase subtilisin-kexin type 9 (PCSK9), has also
been evidenced to be critical in maintaining Treg ho-
meostasis [8, 9]. In the process of Treg lymphocyte acti-
vation, the expression of CD25 molecule may decrease,
and cells with CD4*CD25"FoxP3* phenotype appear.
And the number of these cells increases with active au-
toimmune inflammation [10].

The suppressor activity of Treg is highly dependent
on the stable expression and activity of the transcrip-
tion factor FoxP3. When intracellular signalling is im-
paired, FoxP3 translocation to the nucleus is impaired,
which is accompanied by Treg dysfunction [11]; how-
ever, post-translational regulation of FoxP3 activity has
attracted the attention of researchers relatively recently,
and many questions remain unexplored.

The existence of adipose tissue resident Treg lym-
phocytes has been evidenced to contribute to the main-
tenance of tissue insulin sensitivity by suppressing ex-
cessive inflammation. Visceral adipose tissue is most

enriched with Treg lymphocytes, the content of which
can reach 50 % of all CD4* T cells [12]. Fatty Tregs are
characterised by a distinct repertoire of T cell receptors
(TCR), produce more IL-10 and depend on PPAR-y regu-
lation, in contrast to Tregs of lymphoid origin [12].

Most of the information about the role of Treg
in the regulation of visceral adipose tissue function-
al properties, however, has been derived from animal
models, and studies in the human population are incon-
sistent. For example, when FoxP3 mRNA was assessed,
it was revealed that visceral adipose tissue from obese
patients contained less FoxP3 mRNA than visceral
adipose tissue from normal weight individuals [13].
In contrast, in other studies, FoxP3 expression increased
in obesity [14]. Considering that Treg in adipose tissue
are most probably of thymic origin [15], it is of interest
to investigate whether the changes occurring in EAT
in patients with CHD are related to systemic immuno-
regulatory dysfunction and whether they are correlated
with the content of circulating Treg lymphocytes.

The aim of the present study was to examine
the content of CD25"FoxP3*CD4*and CD25"°FoxP3+CD4*
Treg lymphocytes and subcellular localisation of FoxP3
in them in patients with stable coronary heart disease
depending on the thickness of epicardial adipose tissue.

METHODS

An observational single-center, single-stage com-
parative study was conducted. The study included 30
patients (22 men and 8 women) aged 44 to 78 years
with chronic stable CHD.

All procedures were performed in accordance
with the World Medical Association Declaration of Hel-
sinki «Ethical Principles for Conducting Scientific Med-
ical Research Involving Human Subjects» as amended
in 2004 and «Rules of Good Clinical Practice in the Rus-
sian Federation» approved by Order of the Ministry
of Health of the Russian Federation No. 200H dated
April 01, 2016. The study was approved by the local eth-
ical committee of the Research Institute of Cardiology,
Tomsk National Research Medical Centre of the Russian
Academy of Sciences (Minutes No. 210 dated February
18, 2021). All individuals included in the study signed
informed consent to participate.

The study included only those patients in whom
coronary angiography and echocardiography proce-
dures with EAT thickness determination were previous-
ly performed as indicated. Selective coronary angiog-
raphy was performed using the Artis One angiography
suite (Siemens Shenzhen Magnetic Resonance Ltd., Chi-
na) and the Digitron-3NAC computer system (Siemens
Shenzhen Magnetic Resonance Ltd., China). Gensini
Score index [16] was used to assess the severity of coro-
nary atherosclerosis.

EAT thickness was measured along the free wall
oftherightventricleattheend of diastole[2,17]ata point
perpendicular to the direction of the ultrasound beam



with respect to the free wall of the right ventricle using
the aortic annulus as an anatomical landmark. EAT thick-
ness was determined based on the mean of echocardio-
graphic data obtained in three consecutive cardiac cycles.
EAT thickness (tEAT) greater than 5 mm was considered
EAT thickening [18]. All patients were divided into two
groups: group 1, without EAT thickening (tEAT < 5 mm);
group 2, with EAT thickening (tEAT > 5 mm).

Exclusion criteria comprised: acute atherosclerotic
complications in the preceding 6 months; any acute in-
flammatory disease; presence of current or recurrent in-
fectious disease; chronic kidney disease above C3b class;
presence of oncological, haematological or autoimmune
diseases; and refusal to participate in the study.

All patients underwent anthropometric measure-
ments to assess overall obesity (body mass index (BMI) was
calculated) and abdominal obesity (waist circumference
was measured).

All patients were on regular drug therapy approaching
optimal.

The material for the study was venous blood sampled
in the morning on an empty stomach. Blood was sampled
in tubes with heparin and tubes with clotting activator.
The tubes with clotting activator were centrifuged at an ac-
celeration of 1500 g. After centrifugation, serum was sam-
pled into plastic microtubes, frozen at -40 °C and stored
until further examination.

Mononuclear leukocytes were obtained from blood
with heparin by density gradient centrifugation (Histo-
paque 1077, Sigma Aldrich, USA). To assess the content
of CD4*CD25"FoxP3* and CD4*CD25"FoxP3* Treg lym-
phocytes, cells were stained with monoclonal an-
tibodies to surface antigens (anti-CD4 conjugated
with fluorochrome FITC; anti-CD25 conjugated with flu-
orochrome PE) (Becton Dickinson, USA), cells were fixed
and permeabilized using a set of buffers for intracellular
and intracellular staining (Becton Dickinson, USA). Cells
were then stained with monoclonal antibodies to FoxP3
conjugated to fluorochrome AF647 (Becton Dickinson,
USA), fixed and 7-aminoactinomycin D (7-AAD) was add-
ed to stain the nucleus. Cells were harvested on an Am-
nis FlowSight instrument (Luminex, USA) with 488 nm
and 642 nm lasers in the INSPIRE program (Amnis Cor-
poration, USA). For subcellular localization analysis
of FoxP3, IDEAS 2.0 software (Amnis Corporation, USA)
including the Nuclear Localization Wizard for cell image
analysis was used. Results were expressed as % positive
cells from the desired population. The absolute number
of cells in the peripheral blood was calculated according
to the data of the general blood analysis.

Concentrations of hsCRP, IL-10, IL-1 B (all kits — Vec-
tor-Best, Russia), TGF-f (Invitorgen kit, ThermoFisher
Scientific, Austria), PCSK9 (R&D Systems kit, Bio-techne,
USA) were assessed in serum by solid phase enzyme
immunoassay.

Blood lipid spectrum (total cholesterol (TCL), tri-
glycerides (TG), CL of high-density lipoprotein (CL-HDL),
CL of low-density lipoprotein (CL-LDL) was studied (kits
of CJSC «Diakon-DS», Russia). Blood glucose and glycated
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haemoglobin contents were estimated on Konelab 60i
(ThermofFisher Scientific, USA) and Cobas 6000 C501 (Ro-
sche, USA) automated analysers, respectively. The CL-LDL/
CL-HDL ratio was calculated.

Statistical processing of the obtained data was per-
formed using Statistica 10.0 software package (StatSoft
Inc., USA). Results were presented as median and inter-
quartile range (Me (Q1; Q3)). The Shapiro — Wilk criterion
was used to test the hypothesis of normality of distribution
of quantitative indicators. Since the distribution of quanti-
tative indices differed from normal, the statistical signifi-
cance of differences in quantitative indices in independent
groups of patients was assessed using the Mann — Whit-
ney U-criterion. The frequencies of occurrence in inde-
pendent groups of patients were compared by Pearson’s
X° test or Fisher's exact test. Spearman’s rank correlation
coefﬁcient(rs) was used to assess the relationship between
the traits. Differences were considered statistically signifi-
cant when the achieved level of p < 0.05. To reveal statis-
tically significant factors affecting the increase in epicardi-
al adipose tissue thickness, a multiple logistic regression
model was constructed; to assess the quality of the model,
a ROC-curve (Receiver Operator Characteristic) was con-
structed and the area under curve (AUC), accuracy, sensi-
tivity and specificity of the model were calculated.

RESULTS

The groups of patients with EAT thickness < 5 mm
and > 5 mm were comparable to each other in terms
of sex, age, presence and duration of type 2 diabetes mel-
litus (DM) and arterial hypertension (AH), smoking status,
anthropometric measures of obesity and severity of ath-
erosclerosis (Table 1). The frequency of intakes of statins
and the type of drug taken (atorvastatin / rozuvasta-
tin) did not differ between patient subgroups (Table 1),
but the dosages taken were higher in the group of patients
with thicker EAT: 20 (20; 40) vs. 40 (40; 60) mg/day for ator-
vastatin (p = 0.019) and 20 (10; 20) vs. 30 (20; 40) mg/day
for rosuvastatin (p = 0.030)).

When metabolic parameters were assessed, it turned
out that patients with EAT thickness > 5 mm were char-
acterised by higher CL-LDL concentrations and CL-LDL/
CL-HDL ratio values (despite more intensive therapy
with statins), and tended to have lower CL-HDL and high-
er PCSK9 concentrations. The glycemic indices in both
groups were comparable (Table 2).

In patients with EAT > 5 mm, we revealed
a decrease in the relative and absolute content
of CD25"FoxP3* Treg lymphocytes, as well as a decrease
in the absolute content of CD25"FoxP3* Treg lymphocytes
with intracellular FoxP3 localization (Fig. 1). The content
of CD25"FoxP3*Treg lymphocytes did not differ in the stud-
ied groups (Fig. 1).

The content of pro-inflammatory hsCRP and IL-13 was
higher in patients with EAT thickness > 5 mm with compa-
rable concentrations of TGF-f3 and IL-10, key Treg lympho-
cyte cytokines (Table 3).
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In the general group of CHD patients, the content
of CD25"FoxP3* Treg lymphocytes was negatively correlat-
ed with triglyceride concentration (r,=-0.345; p = 0.034)
and triglyceride/CL-HDL ratio (r, = -0.388; p = 0.016),
and the absolute content of CD25"FoxP3* Treg lympho-
cytes and CD25M"FoxP3* Treg lymphocytes with intra-
cellular localization of FoxP3 were negatively correlated

TABLE 1

with the concentration of IL-13 (r, = -0.374; p = 0.038
and r.=-0.389; p = 0.031, respectively). Only in the group
of patients with EAT thickness < 5 mm, we found an inverse
relationship between PCSK9 content and absolute CD25'
FoxP3* Treg lymphocytes content (r,=-0.608; p = 0.036).
In patients with greater EAT thickness, this relationship
was absent.

CHARACTERIZATION OF PATIENTS ACCORDING TO THE THICKNESS OF EPICARDIAL ADIPOSE TISSUE

Patients with tEAT <5 mm

Indices (n=14)
Sex: male/female 10/4
Age, years 67 (59; 69)
AH history, n (%) 14 (100)

AH duration, years

type 2 DM history, n (%)
DM duration, years

BMI, kg/m?

Waist circumference, cm
tEAT, mm

Gensini Score, points

19.5 (15.0; 30.0)
7 (50)

0.5 (0; 5)
29.2(25.7;31.9)
100 (96; 105)
4.8(3.9;5.0)
30.0(17.5;77.0)

Tobacco smoking, n (%) 3(21.4)
Statin intake, n (%) 14 (100)
Atorvastatin, n (%) 9(64.3)
Rosuvastatin, n (%) 5(35.7)

TABLE 2

Patients with tEAT > 5 mm

(n=16) p-value
12/4 0.999
61 (58;67) 0.224
15(93.8) 0.998
15.0 (12.0; 20.0) 0.217
4(25) 0.477
0(0;2) 0.652
27.0 (24.3;32.1) 0.854
100.6 (93.0; 111.5) 0.697
9.1(7.8;11.4) < 0.001
53.0(38.8;68.5) 0.313
8(50.0) 0.142
15(93.8) 0.998
8 (50.0) 0.484
7 (43.7) 0.722

METABOLIC PARAMETERS OF PATIENTS DEPENDING ON THE THICKNESS OF EPICARDIAL ADIPOSE TISSUE

Patients with tEAT <5 mm

Indices (n=14)
Fasting glucose, mM 6.3(5.3;6.8)
Glycated hemoglobin, % 6.1(5.8;8.3)
Total cholesterol, mM 3.3(2.9;3.8)
Triglycerides, mM 1.2(0.8;1.9)
CL-LDL, mM 1.6 (1.1;2.1)
CL-HDL, mM 1.1(1.0;1.3)
CL-LDL/CL-HDL 1.4 (0.9; 1.9)

PCSK9, ng/mL

211.1(180.7; 244.5)
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Patients with tEAT > 5 mm (

n=16) p-value
5.8(5.2;7.6) 0.886
6.2 (6.0; 6.6) 0.701
4.2 (3.0;5.4) 0.154
1.6(1.1;2.1) 0.240
2.4(1.5;2.8) 0.043
1.0 (0.8; 1.1) 0.077
2.0(1.6;3.0) 0.017
273.9(199.3; 294.8) 0.087
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FIG. 1.

The content of FoxP3+ T-regulatory lymphocytes and translocation of FoxP3 into the nucleus: A - an example of a dot dia-
gram reflecting the content of CD25hiFoxP3+ and CD25loFoxP3+ cells among CD4+ lymphocytes; B — histograms reflecting
the degree of translocation of FoxP3 into the nucleus; C — examples of cellular images obtained by flow cytometry with vi-
sualization with cytoplasmic and nuclear localization of FoxP3 (the nucleus is colored red, FoxP3 is colored yellow); D — the
relative content of CD25hiFoxP3+ and CD25loFoxP3+ cells at different tEAT; E — the absolute content of CD25hiFoxP3+ and
CD25loFoxP3+ cells at different tEAT; F — the proportion of cells with nuclear localization of FoxP3 among CD25hiFoxP3+
and CD25loFoxP3+ cells at different tEAT; G — the absolute content of CD25hiFoxP3+- and CD25loFoxP3+ cells with nuclear
localization of FoxP3 at different tEAT
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TABLE 3

CONTENT OF KEY CYTOKINES AND HIGH-SENSITIVITY C-REACTIVE PROTEIN IN PATIENTS ACCORDING

TO THE THICKNESS OF EPICARDIAL ADIPOSE TISSUE

. Patients with tEAT <5 mm
Indices
(n=13)
hsCRP, mg/L 2.1(1.0;4.5)
TGF-B, ng/mL 36.2(29.1;38.2)
IL-10, pg/mL 1.9(1.7;3.2)
IL-183, pg/mL 0.7 (0.5; 0.9)

TABLE 4

Patients with tEAT > 5.4 mm
(n=13) p-value
49(3.1;17.5) 0.044
36.6 (32.4;42.4) 0.948
2.3(1.8;2.6) 0.545
1.1(0.9; 1.4) 0.005

ESTIMATES OF LOGISTIC REGRESSION MODEL COEFFICIENTS AND THEIR LEVELS OF STATISTICAL

SIGNIFICANCE

Indices
Absolute term
hsCRP, mg/L
IL-1B, pg/mL
CD25"FoxP3* Treg, %

According to correlation analysis, EAT thickness
in all patients with CHD was positively correlated with BMI
(rS = 0.336; p = 0.037), waist circumference (rS = 0.379;
p = 0.017), serum concentrations of hsCRP (r, = 0.400;
p =0.019) and IL-188 (r, = 0.444; p = 0.008) and negatively
- with a relative CD25"FoxP3* Treg lymphocytes content
(r,=-0.353; p =0.032).

We constructed a multiple logistic regression model
according to which the significant predictors of EAT thick-
ening in patients were hsCRP concentration, IL-1(3 concen-
tration, and relative content of CD25"FoxP3* T-regulatory
lymphocytes (Table 4).

Although theindividual contribution of each of the pre-
dictors in the model individually was not statistically sig-
nificant, the level of statistical significance of the model
as a whole was high (p = 0.00403). The predictive perfor-
mance of the model: accuracy 80.0 %, sensitivity 75.0 %,
specificity 84.6 %, AUC = 0.891. The ROC curve of the mod-
el is shown in Figure 2. The threshold probability of differ-
ent degrees of EAT thickening was 0.63.

DISCUSSION

Although increased EAT thickness is associated with in-
creased local production and accumulation of proinflam-
matory cytokines [19], the relationship between the prop-
erties of this fat depot and FoxP3* T lymphocytes, important

Ratio estimation
0.228
-0.101
-2.378

0.461
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p value
0.929
0.283
0.101

0.143

FIG. 2.

ROC curve of the multiple logistic regression model for classifying
patients into groups with and without thickening of epicardial
adipose tissue thickness greater than 5 mm

regulators of the intensity of the inflammatory response,
has long remained unexplored. In this study, we have re-
cently revealed that greater EAT thickness in CHD patients
with comparable anthropometric parameters of general



obesity (BMI, waist circumference) and severity of coronary
atherosclerosis (Gensini Score index) is associated with a de-
crease in relative and absolute Treg content in peripher-
al blood, with a decrease in the absolute number of cells
with intranuclear localisation of FoxP3.

The relationship between the development of in-
flammation and EAT thickening may be ambivalent. EAT
thickening has been revealed in many inflammatory dis-
eases including rheumatoid arthritis, psoriasis, multiple
sclerosis, and human immunodeficiency virus infection
[19]. Meanwhile, the conditions of inflammation pro-
voke an increase in adipogenesis, although initially this
process is protective [20].

No evidence for a relationship between FoxP3* Treg
and EAT accumulation is available. However, it is known
that Treg lymphocytes are able to interact with adipo-
cytes and other immune cells in subcutaneous and vis-
ceral adipose tissue [21]. It has been evidenced that
during adaptive transfer, circulating Treg cells in animals
have tropism to adipose tissue, where they promote
mRNA expression of genes regulating thermogenesis
and the transformation of subcutaneous and epididy-
mal white adipose tissue into beige tissue, which is ben-
eficial in maintaining a favorable metabolic profile [21].
This is of particular importance since in healthy individ-
uals EAT adipocytes have a phenotype close to brown
adipose tissue, and with accumulation of epicardial fat
they change their properties and acquire more and more
features of white adipose tissue [19].

Preservation of immunoregulatory function in obe-
sity depends on cell localisation. Specifically, the de-
velopment of obesity was associated with a decrease
in the relative and absolute numbers of Treg lympho-
cytes in visceral adipose tissue, but Treg in subcuta-
neous adipose tissue and spleen remained intact [12,
14]. Although we have also demonstrated an inverse
relationship between the content of FoxP3* Treg lym-
phocytes in peripheral blood and EAT thickness, further
study of the cellular composition of the stromal-vascu-
lar fraction of the EAT proper is necessary, as the num-
ber of Treg cells in it and the subcellular localisation
of FoxP3 may differ from the circulatory pool. There-
fore, a comparative analysis of Treg content in the cir-
culation and epicardial fat depot with further evalua-
tion of the relationship of these parameters with tEAT
is of interest for further studies.

A number of mechanisms can be speculated that
may have caused the decrease in Treg lymphocyte con-
tent in patients with thicker EAT. Patients with EAT thick-
ness > 5 mm were characterised by increased CL-LDL
and CL-LDL/CL-HDL ratio. Considering that statin thera-
py was more intensive in this group of patients, it is most
likely associated with the baseline more unfavourable
lipid profile in these patients. A recent study evidenced
that increased CL-LDL was associated with pro-inflam-
matory changes in EAT in patients with chronic CHD
[22]. It is known that elevated LDL concentrations are
directly capable of causing impairment of the rela-
tive content, function, stability and migratory activity
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of Treg cells, thus contributing to the progression of in-
flammation in patients with atherosclerosis [23]. Mean-
while, the doses of statins in all patients included in our
study were relatively low as a result of the develop-
ment of side effects or reaching the maximum toler-
ated dose of the drug. Pleiotropic effects of statins
are known, including in relation to Treg lymphocytes,
unrelated to their hypolipidaemic action. Thus, it was
evidenced that intensification of therapy with ator-
vastatin (increasing the dosage from 20 to 80 mg/day)
led to an increase in the content of Treg lymphocytes
in patients with stable CHD, while increasing the dosage
of hydrophilic rosuvastatin did not cause such an effect
[24]. However, it should be emphasised that culturing
Treg cells with high doses of atorvastatin in vitro result-
ed in a decrease in theirimmunosuppressive properties
and reduced expression of key molecules, including
the transcription factor FoxP3 [25]. It is urgent to con-
duct prospective studies aimed at closer examination
of hypolipidaemic and pleiotropic effects of statins
against content and functional activity of Treg lympho-
cytes in comparison with the study of EAT in patients
with CHD. In addition, patients’adherence to statin ther-
apy was not studied in our study, but could potentially
influence the obtained results.

In patients with thicker EAT, we observed a trend
towards increased PCSK9 concentrations. PCSK9, whose
main pool is produced by hepatocytes, regulates lip-
id metabolism by promoting lysosomal degradation
of the low-density lipoprotein receptor [26]. PCSK9 has
also been evidenced to affect the immune system: sup-
pression of PCSK9 gene expression resulted in increased
production of IL-10, TGF-3 and Treg lymphocytes [27].
Notwithstanding the important role of PCSK9 in regulat-
ing Treg lymphocyte homeostasis and lipid metabolism,
the change in its concentration in patients depending
on EAT thickness was only at the trend level, and there
were no correlations with the content of FoxP3*-cell
subpopulations at greater EAT thickness. Further studies
are required to elucidate the place of PCSK9 in the de-
velopment of epicardial obesity and immunoregulatory
imbalance in high cardiovascular risk patients.

With EAT thickening, we did not reveal changes
in the content of key Treg lymphocyte growth factors,
TGF-B and IL-10. However, Treg cell deficiency was as-
sociated with an increase in the pro-inflammatory
cytokine IL-1B and the systemic inflammatory mark-
er hsCRP, which together with the relative content
of CD25"FoxP3* Treg lymphocytes determined the in-
crease in EAT thickness. A study performed earlier by an-
other group of scientists also evidenced a relationship
between circulatory concentration of hsCRP and EAT
thickness in patients with metabolic syndrome [28]. Ac-
cording to the results of the CANTOS study, inhibition
of IL-1B by the monoclonal antibody drug canakinum-
ab in patients with hsCRP concentration > 2 mg/l who
had undergone myocardial infarction was accompanied
by a reduction in the number of adverse cardiovascular
events [29]. Considering the relationship between EAT
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thickness and pro-inflammatory biomarkers revealed
in this pilot study, it is important to consider the prop-
erties of the epicardial fat depot when further studying
therapeutic approaches aimed at controlling inflamma-
tion in patients with atherosclerosis.

The study has several limitations, the main ones be-
ing small sample size, lack of prospective follow-up of pa-
tients, and lack of data in patients without CHD. To date,
in addition, there is currently no uniform approach
to assess EAT thickness in patients. Although many
groups of researchers assess EAT thickness at the end
of systole [30], assessment of EAT thickness at the end
of diastole, such as that performed in our study, is also
warranted for better correlation with the results ob-
tained by CT and MRI [2, 17]. The borderline EAT thick-
ness value of 5 mm used in our study is not standardised
to determine the presence of epicardial obesity, but was
proposed by A.G. Bertaso et al. (2013) as a result of anal-
ysis of data from the largest EAT studies by echocardiog-
raphy performed in diastole [18]. The inverse correlation
between EAT thickness and Treg lymphocyte content re-
vealed in our work, however, is a reason to conduct larg-
er prospective studies aimed at translating the findings
into the clinic, since Treg lymphocytes are characterised
by a high therapeutic potential [12].

CONCLUSION

The results of the pilot study reveal a decrease
of CD4*CD25"FoxP3* Treg lymphocytes content in pe-
ripheral blood and nuclear translocation of transcrip-
tion factor FoxP3 in them with increasing thickness
of epicardial adipose tissue in patients with CHD. The re-
vealed changes are not associated with anthropometric
parameters of obesity and severity of coronary athero-
sclerosis and are associated with signs of systemic in-
flammation and more unfavourable serum lipid profile.
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ABSTRACT

Klebsiella pneumoniae (Kp) species complex is a genetically and ecologically diverse
group of bacteria that causes a wide range of infections in humans and animals.

The aim of the study. To carry out biological characterization and genotyping based
on the study of different loci of Klebsiella pneumoniae clinical isolates.

Materials and methods. The object of the study was three Klebsiella pneumoniae
clinical isolates from different biotopes of patients from a regional children’s multidisci-
plinary hospital. We used a complex of bacteriological, molecular genetic and bioinfor-
matic methods. Genotyping of the isolates was carried out using the Pasteur Institute
service for strains of the K. pneumoniae species complex.

Results. All strains were susceptible to antimicrobial drugs from carbapenem (imi-
penem, meropenem) and tetracycline groups (tigecycline), and demonstrated high
susceptibility to the Klebsiella polyvalent bacteriophage. The antibiotic resistance
of the Kp ODKB-16 and ODKB-81 isolates to seven and eight antimicrobial drugs,
respectively, was registered.

Based on the results of multilocus sequence typing, all strains were assigned to Kp1
phylogroup, K2 type and differed in sequence type, scgMLST629 profile, and KL
type. Kp ODKB-16 strain was identified as ST-65, scgST-11107, KL2; ODKB-07 strain -
as ST-219, scgST-6401, KL125KL114; ODKB-81 strain — as ST-86, scgST-2800, KL2KL30.
The virulence gene clusters AbST, CbST, YbST, SmST, and RmST have been character-
ized only in the genome of the Kp ODKB-16 isolate, allowing it to be characterized
as highly virulent with multidrug resistance (MDR). Additionally, genes responsible
for the synthesis of types 1 and 3 fimbrial adhesins were registered in all strains,
and ter operon loci were identified only in Kp ODKB-16. Resistome analysis showed
that all strains had 2b genotype. Plasmids were found in the genomes of Kp ODKB-81
(Incl2) and ODKB-16 (IncFIA + IncFIB + IncHI1B).

Conclusion. We used a comprehensive framework for genomic taxonomy of clinical
isolates, which can contribute to the unification of global and regional peculiarities
of the developing and microevolution of bacterial pathogens.

Key words: Klebsiella pneumoniae species complex, genotyping, multilocus analysis,
multiple antibiotic resistance, antimicrobial drugs, virulence
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2024; 9(1): 53-63. doi: 10.29413/ABS.2024-9.1.6

53

Microbiology and virology



ACTA BIOMEDICA SCIENTIFICA, 2024,Vol. 9, N 1

BUONOIMNMYECKUE CBONCTBA UTEHETUYECKAA CTPYKTYPA KJIIMHUYECKUX
MN30JIATOB KOMIJIEKCA BUAOB KLEBSIELLA PNEUMONIAE

benbkoBa H.J1.",
Knumenko E.C.7,
HemueHko Y.M.",
Mpuroposa E.B.,
CutHnkosa K.O.',
3yreeBa P.E.),
CmypoBa H.E.},
Yemesosa H.H.'?,
CaBunoB E.[.

! OTBHY «HayuHblii LeHTp Npo6rem
3[0POBbA CEMbYU 1 penpoayKLun
yenoBeka» (664003, r. pkyTck,

yn. Tumnpasesa, 16, Poccua)

2 NpkyTcKasa rocynapcTBeHHas
MeOULIMHCKasA akafemmnsa NocneanniIoMHOro
obpaszoBaHusa — dunuan Oreoy Ano
«Poccuiickas MeanLMHCKan akagemus
HernpepbIBHOIO NPodpecCcUoHanbHOro
o6pasoBaHusa» MuH3gpasa Poccun
(664049, . pkyTckK, tO6uneiiHbii, 100,
Poccun)

ABTOP, OTBETCTBEHHbIN 3a Nepenuncky:

benbkoBa Hatanba JleoHngoBHa,
e-mail: nlbelkova@gmail.com

Cratba nocTynuna: 28.08.2023
Cratba npunara: 17.01.2024
(ratbs ony6aukoBaHa: 26.03.2024

PE3IOME

Komnnekc sudos Klebsiella pneumoniae (Kp) npedcmasnsem cobol eeHemuyecku
U 3K0J102UYeCKU pa3HoobpasHyto 2pynny bakmepud, 8b13618arOLYI0 WIUPOKUL cnekmp
UHgekyul y odel U XUBOMHBbIX.

Llenb uccnedoeaHus. buosozuyeckas Xapakmepucmuka U 2eHOmunuposaHue
Ha 0CHoBe U3y4YeHUs pasHbiX JIOKYCO8 KTUHUYecKux usonamos Klebsiella pneumoniae.
Mamepuansi u memoosbl. O6veKMoM UCCIe008aHUS CMAIU MPU KIUHUYECKUX U30-
nama Kp, ebi0esieHHble U3 pa3Hblx 6UOMoN08 NayueHMo8 0emcKo20 MHO20NPOpU/Ib-
HO20 CMayuoHapa pezuoHasibHo20 yposHs. B pabome ucnone3osaH Kkomnsiekc 6ak-
mepuosio2uYeckuX, MOJIEKY/IAPHO-2eHEMUYECKUX U BUOUHHOPMAYUOHHbLIX MemMoo08.
[eHomunuposaHue u30/19Mo8 NPOBOOUJIU C UCNO/Ib308aHUEM cepsucd IHcmumyma
[Macmepa ona wmammos 8udo8oz0 komnsekca K. pneumoniae.

Pesynemamel. Bce wmammsl 6bisiu yygscmeumesibHbl K AHMUMUKPOOHbIM npe-
napamam 2pynn kapbaneHemsl (UMUNeHeM, MeponeHeM) U mempayukauHel (mu-
2eYUKJIUH) U 0eMOHCMPUPOBAIU 8bICOKYIO Uy8CMBUMEeTbHOCMb K bakmepuogpazy
knebcuenn nonuganeHmHsil. Y uzonamos Kp ODKB-16 u ODKB-81 ommeyveHa aH-
mubuomuKope3uCmeHmMHoOCMb K ceMu U 80CbMU AHMUMUKPOOHbIM npenapamam
coomeemcmeeHHO.

CoanacHo pe3ynbmamam mysbmuaoKyCHO20 MUNUpPOBaHUs, 8ce WMAamMMbl OMHece-
Hbl K puniozpynne Kp 1, umenu K2-mun u pasiuyanuce no CUKBEHC-MUNAam, Npogusio
scgMLST629 u KL-muny. lLimamm Kp ODKB-16 6611 onpedenéH kak ST-65, scgST-11107,
KL2; ODKB-07 — kak ST-219, scgST-6401, KL125KL114; ODKB-81 — kak ST-86, scgST-2800,
KL2KL30. Knacmepel 2eHos supyneHmHocmu AbST, CbST, YbST, SmST u RmST 6wbinu
oxapakmepu3o8aHsl moJsibko 8 ceHome usonama Kp ODKB-16, umo no3gosnisem oxa-
paKmepu308ams €20 KAk 8bICOKOBUPYIEHMHbIU C MHOXecmeeHHOU siekapcmeeHHoU
ycmodtyvusocmeto (MJ1Y). [JlononHUmMensHo y 8cex wWmammos 8bif8/ieHsbl 2eHbl, om-
8emcmaeHHsble 3a cCUHMe3 huMbpuabHbIX a02e3uHos 1-20 U 3-20 MUNO8, a JIOKYCbl
ter-onepoHa — moneko y Kp ODKB-16. AHanu3 pesucmoma nokasas, 4mo ece uimam-
Mbl umenu 2zeHomun 2b. l1na3mudsl 6siiu onpedenieHsl 8 2eHomax Kp ODKB-81 (Incl2)
u ODKB-16 (IncFIA + IncFIB + IncHI1B).

3aknrwyeHue. VIcnonb308aHA KOMNJIEKCHAS CxeMd 07151 2eHOMHOU MAkKCoOHOMUU
K/TUHUYeCKUX U30/71mMo8, Komopds MoXem cnocobcmeosams yHUGUKAYUU 2/10-
6a/1bHbIX U pe2UoHATbHbIX 0CO6eHHOCMeli B03HUKHOBEHUS U MUKPO380/TI04UU 6aK-
mepuasbHbIX NAMO2eHO8.

Knioueenle cnoea: komnnekc sudos Klebsiella pneumoniae, 2eHomunuposaHue,
MybMU/IOKYCHbIU aHANIU3, MHOXeCmeeHHAs daHmubuomuKope3ucmeHmMHoCms,
AHMUMUKpObHble Npenapamol, 8UpYIeHMHOCMb

Ona uyntnpoBaHua: benbkosa HJL., Knumenko E.C., HemueHnko Y.M., lpuroposa E.B.,
CutHukoBa K.O., 3yreesa P.E., CmypoBa H.E., Yeme3osa H.H., CaBunos E.[l. Bionornueckune
CBOWCTBa U reHeTUYecKkasa CTPYKTypa KIIMHNYeCKUX N30N1ATOB KoMrieKkca Buaos Klebsiella
pneumoniae. Acta biomedica scientifica. 2024; 9(1): 53-63. doi: 10.29413/ABS.2024-9.1.6
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BACKGROUND

The Klebsiella pneumoniae species complex is a genet-
ically and ecologically diverse group of bacteria causing
a wide range of infections in humans and animals [1]. Con-
sidering its diversity, as well as evolutionary dynamics,
multidrug resistance and virulence, typing schemes for K.
pneumoniae strains are being developed [1-3]. Controversial
microbial species identification and horizontal gene transfer
underlie the extensive strain heterogeneity of their phe-
notypes, which is of ecological, medical, and/or industrial
importance [4]. Obviously, the most successful taxonomic
system for genetic typing of microbial strains is the mul-
tilocus sequencing approach [5, 6]. This system is used
for population biology studies and surveillance of bac-
terial pathogens in public health [7]. Several genotyping
schemes based on different loci have been developed
for the K. pneumoniae species complex: proper multilocus
typing (MLST, multilocus sequence typing) [8], multilocus
typing by main genome (cgMLST, core genome multilo-
cus sequence typing) [2, 3], typing by wzc and wzi genes
[9], as well as multilocus typing of virulence gene clusters
(AbST, CbST, YbST, SmST, RmST), and antibiotic resistance
(aminoglycosides, beta-lactamases, quinolones) [2, 10, 11].

It has been previously revealed that K. pneumoniae
in 23.1 % of cases acts as an etiological factor in the de-
velopment of hospital purulent-septic infections in a pae-
diatric multidisciplinary hospital at the regional level
[12]. When microbiological data from clinically relevant
biotopes (blood, sputum, urine, wound contents, abdom-
inal fluid, tracheobronchial flushes, and liquor) were ex-
amined, it was revealed that blood (32.3 %) and sputum
(27.1 %) had the highest frequency of microbial isolation
[12]. These clinical isolates of K. pneumoniae have been ex-
perimentally observed to form biofilms with varying effi-
cacy, showing different resistance to disinfectants and an-
timicrobial agents (AMAs) [13-15]. It may also be further
noted that traditional methods of clinical bacteriology do
not allow distinguishing strains within the K. pneumoniae
species complex, which masks the true clinical significance
of each sequencing type/phylogroup and their potential
epidemiological features [9]. Considering this statement,
the isolation biotope and multiple AMA resistance were
taken into account when selecting strains for genetic

typing.
THE AIM OF THE STUDY

Biological characterisation and genotyping based
on different loci of three clinical isolates of K. pneumoniae

isolated from different biotopes of patients of a regional
paediatric multidisciplinary hospital.

METHODS

Three isolates of K. pneumoniae were studied
from the clinical material of patients being treated

55

in the intensive care unit of a paediatric multidisciplinary
hospital at the regional level (Irkutsk).

The isolates were determined according to morpho-
logical, tinctorial, culture, and biochemical properties
using bioMérieux APl systems (France) and confirmed
by mass spectrometric analysis with the ultraflExtreme
mass spectrometer (Bruker Daltonics, Germany) [16].

To assess susceptibility to AMA, bacterial suspen-
sion was prepared according to standard methodology
with an optical density of 0.5 McFarland. AMA suscep-
tibility was determined by disc-diffusion method using
Mueller - Hinton medium (HiMedia, India); the results
were analysed in accordance with the current regula-
tions and interpretation tables of the European Com-
mittee on Antimicrobial Susceptibility Testing (EUCAST;
version 11.0, valid from January 01,2021) [17-19]. Strains
exhibiting the R criterion were categorised as resistant,
| - susceptible with increased exposure, and S - suscep-
tible. The study included discs containing aztreonam
(AZT; 30 pg), amikacin (AMK; 30 pg), amoxicillin-clavu-
lanic acid (AMC; 20-10 pg), gentamicin (GEN; 10 ug),
imipenem (IPM; 10 pg), meropenem (MER; 10 ug), netil-
micin (NET; 10 pg), piperacillin-tazobactam (PIT; 30 ug
- 6 ug), tigecycline (TGG; 15 pg), cefepime (CEP; 30 pg),
ceftazidime (CAZ; 10 and 30 pg) (NICF LLC, Russia).

To assess the susceptibility of K. pneumoniae iso-
lates to phages, a commercial preparation of bacterio-
phage produced by SPA (Scientific Production Associa-
tion) «Microgen» (Russia) with declared activity against
Klebsiella - Klebsiella polyvalent bacteriophage (20 ml
vials, series U387 02.2020; Ufa) was used. Determina-
tion of the level of lytic activity (LLA) of bacteriophage
to K. pneumoniae isolates was performed by the drop
method (spot-test) [20, 21].

Whole-genome  sequencing  was  performed
on NextSeq 550 (lllumina, USA) equipment using the lllu-
mina DNA Prep Tagmentation, IDT for lllumina DNA/RNA
UD Indexes Set Tagmentation, and NextSeq 500/550 High
Output Kit v2.5 (300 Cycles) library preparation reagent
kits, according to the manufacturer’s recommendations.
Pre-contig primary data were assembled using SPAdes
v. 3.11.1 [22]. Contigs were aligned against the Klebsiella
pneumoniae subsp. pneumoniae HS11286 reference ge-
nome (GenBank CP003200) and corrected using MAUVE
2.4.0 (The Darling Lab, Australia) [23]. Prokka 1.14.6 (Or-
egon State University, USA) was used for functional an-
notation [24]. MOB-Typer (National Microbiology Labo-
ratory, Canada) was used to characterize plasmids [25].
Mobile genetic elements (MGEs) (IS elements and trans-
posons) were searched using IS-finder (France) [26].

Genotypes of isolates were determined using
the Pasteur Institute database for strains of the K. pneu-
moniae species complex [27] based on MLST [8], cgM-
LST [2, 3], wzc and wzi gene typing [9], and MLST clus-
ters of virulence genes (AbST, CbST, YbST, SmST, RmST)
as well as antibiotic resistance (aminoglycosides, be-
ta-lactamases, quinolones) genes [2, 10, 11].

This study was performed within the frame-
work of the state task No. 121022500179-0 using
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the equipment of the SRF (shared research facility)
«Centre for the Development of Progressive Personal-
ized Health Technologies» and USF (Unique scientific
facility) «Collection of Human Microbiota of the Irkutsk
Region» (Irkutsk) of the Scientific Centre for Family
Health and Human Reproduction Problems (Irkutsk).

RESULTS

A brief characterization of the analyzed K. pneumo-
niae isolates is presented in Table 1. Based on AMA sus-
ceptibility results, all strains showed resistance to more
than two AMAs of different groups, but were suscep-
tible to imipenem, meropenem (carbapenem group),
and tigecycline (tetracyclines). In addition, all isolates
revealed high susceptibility to Klebsiella polyvalent bac-
teriophage (Table 1). It should also be mentioned that
K. pneumoniae isolates ODKB-16 and ODKB-81 revealed
resistance to seven and eight drugs, respectively, and can
be defined as multidrug resistant (MDR) strains.

A summary of the genome assembly and annota-
tion results are summarized in Table 2. The genomes
of the strains were mapped to the Klebsiella pneumo-
niae subsp. pneumoniae HS11286 reference genome
and are shown in Figure 1. The genome sizes of the ana-
lyzed isolates varied slightly and were 5.7 x 105, 5.3 x 105,
and 5.4 x 106 base pairs - b.p. for K. pneumoniae ODKB-16,
K. pneumoniae ODKB-07, and K. pneumoniae ODKB-81,
respectively. The guanine-cytosine (GC) composition was
consistent with the characterization of the K. pneumoniae
species. Plasmids belonging to different incompatibility
groups were revealed in K. pneumoniae strains ODKB-16

TABLE 1

and K. pneumoniae ODKB-81 (Table 3). It is worth noting
that K. pneumoniae ODKB-81 carries Incl2 incompatibili-
ty group plasmid, while K. pneumoniae ODKB-16 carries
a combined plasmid belonging to several groups simul-
taneously (IncFIA + IncFIB + IncHI1B), which is a charac-
teristic feature of clinical isolates. Additionally, MOBF-type
relaxase was revealed in K. pneumoniae ODKB-16 plasmid
and conjugative mobility was predicted. Profages and in-
tegrons were not found in any isolate. MGEs were repre-
sented by insertional IS-elements and Tn-transposons.
MGEs of the 1S1380 and 1S3 families were revealed in all
three isolates in the chromosome. In addition, IS66 was re-
vealedin the K. pneumoniae ODKB-7 chromosome, and IS5
and IS1 elements were revealed in K. pneumoniae ODKB-
16.The MGEs of these families are small in length, ranging
from 500 to 2000 bp. - and do not contain genes responsi-
ble for resistance or pathogenicity. Two MGEs of the 15481
and 1S66 families, which do not carry resistance or viru-
lence genes, were revealed in the K. pneumoniae ODKB-81
plasmid. 18 MGEs belonging to the IS1, 1S3, 1S4, IS5, 1S6,
1S21,1566, 15110, 15481, 15630, 151380, ISNCY, and Tn3 fami-
lies were revealed in the K. pneumoniae ODKB-16 plasmid.
One Tn3 MGE of the family included genes pbrR (tran-
scription factor belonging to the MerR family), pbrA (P1B-
type ATRase), pbrB (integral membrane protein), and pbrC
(putative signaling peptidase). The pbrTRABCD gene clus-
ter is thought to encode a unique, specific mechanism
for lead resistance [28].

Genetic typing of K. pneumoniae included sequenc-
ing-type determination by MLST and cgMLST multilocus
sequencing schemes, identification of markers associated
with phenotypic capsule serotyping, and search for viru-
lence and antibiotic resistance determinants.

BRIEF CHARACTERIZATION OF ISOLATES OF THE K. PNEUMONIAE SPECIES COMPLEX

Isolate labeling  Isolation source (date)

Susceptibility

Tracheobronchial tree
(November 06, 2018)

K. pneumoniae
ODKB-16

AMC20-10, IPM10,
MER10, TGC15

K. pneumoniae
ODKB-07

K. pneumoniae
ODKB-81

AMK30, GEN10,
NET10, AMC20-10,
PIT30-6, IPM10,
CAZ30, MER10, TGC15

Blood (June 21, 2018)

Sputum

(October 22, 2019) IPM10, MER10, TGC15

CAZ10, CAZ30,
AZT30

Antibiotics Polyvalent
Genotype q
(23 loci®) Klebsiella
Resistance bacteriophage
AMK30, GEN10,
NET10, PIT30-6,
CEP30, CAZ10, 2b X
CAZ30,AZT30
CEP30, CAZ10,
AZT30 2b X
AMK30, GEN10,
NET10, AMC20-10,
PIT30-6, CEP30, 2b 4X

Note. * — genotyping was performed at the following loci: blaAMPC, blaBEL, blaCARB, blaCMY, blaCTX_M, blaGES, blalMP, blaIND, blakPC, blaLEN, blaNDM, bla-

OKP_ABCD, blaOXA, blaOXY, blaPER, blaSHV, blaSME, blaTEM, blaVEB, blaVIM.
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TABLE 2

SUMMARY RESULTS OF GENOME ASSEMBLY AND ANNOTATION OF GENOMES OF ISOLATES

OF THE K. PNEUMONIAE SPECIES COMPLEX

Characteristics

K. pneumoniae ODKB-16

K. pneumoniae ODKB-07 K. pneumoniae ODKB-81

Genome assembly results

Number of readings per sample 18 689 678
Scaffold quantity 73
N50 293 674

Genome annotation results

Genome size, b.p. 5693553
GC, % 56.69
Number of protein-coding 5 491
sequences
rRNAs quantity 4
tRNAs quantity 63
Plasmid quantity 1
TABLE 3

23218431 8283 075
66 61
308988 308 386
5333942 5368 963
57.19 57.33
5085 4892
7 6
66 54
No 1

BRIEF CHARACTERIZATION OF PLASMIDS OF K. PNEUMONIAE SPECIES COMPLEX ISOLATES

Characteristics

Size, b.p.
GC, %
Incompatibility groups

Probable origin

According to the results of MLST multilocus typing
for seven genes gapA, infB, mdh, pgi, phoE, rpoB, and tonB,
all strains showed a different genotype: K. pneumoniae
ODKB-16 was identified as ST-65, K. pneumoniae ODKB-07
as ST-219, K. pneumoniae ODKB-81 as ST-86 (Table 4). All
strains were assigned to the Kp1 phylogroup, K. pneumo-
niae ODKB-16 and K. pneumoniae ODKB-81 were K2-type
according to the wzc and wzi genes, but differed in scgM-
LST629 profile and KL-type (Table 4).

The virulence profile of K. pneumoniae isolates was
characterized using the virulence gene clusters ADbST,
CbST, YbST, SmST, and RmST typing at the Aerobactin,
Colibactin, Ersiniabactin, Salmohelin, and RmST/RmpADC
protein family loci, respectively. All virulence gene clus-
ters were identified and characterized only in the genome
of the K. pneumoniae isolate ODKB-16 (Table 5); their lo-
calization is presented on the mapped genome (Fig. 16).

50.37

K. pneumoniae ODKB-16

359611

IncFIA+IncFIB+IncHI1B, rep_cluster_1254

Klebsiella pneumoniae

57

K. pneumoniae ODKB-81

35021
43.25

Incl2

Escherichia coli

Thus, only the K. pneumoniae isolate ODKB-16 can be char-
acterised as highly virulent with MDR.

Additionally, pathogenicity determinants that are
not included in the list of marker genes and their regions
that are validated for typing strains of the K. pneumoniae
species complex were searched in the genomes [27].
It is known that strains of K. pneumoniae complex
having serotype K2 express invasive properties [9].
Genes responsible for the synthesis of fimbrial adhesins
of type 1 and type 3 (imA and mrkD, respectively) were
found in the chromosome structure of the studied
K. pneumoniae strains. However, genes responsible
for the synthesis of invasins, adhesin-pili P, a-hemolysin,
thermolabile enterotoxins, and for the manifestation
of the hypermucoid phenotype (rmpA and magA)
were not revealed. A tellurite resistance operon (TeO,
2, ter operon) was searched within the genomes, which
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6
FIG. 1.
Chromosome maps of K. pneumoniae ODKB-7 (a), K. pneumoniae ODKB-16 (6), K. pneumoniae ODKB-81 (8) strains mapped to the K. pneu-
moniae subsp. pneumoniae HS11286 reference genome. Genes identified by MLST (gapA, infB, mdh, pgi, phoE, rpoB, and tonB) as well
as MLST analysis of virulence determinants (AbST, CbST, YbST, SmST, RmST) and antibiotic resistance are indicated in the footnotes
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FIG. 1. (continued)

Chromosome maps of K. pneumoniae ODKB-7 (a), K. pneumoniae ODKB-16 (6), K. pneumoniae ODKB-81 (8) strains mapped to the K. pneu-
moniae subsp. pneumoniae HS11286 reference genome. Genes identified by MLST (gapA, infB, mdh, pgi, phoE, rpoB, and tonB) as well
as MLST analysis of virulence determinants (AbST, CbST, YbST, SmST, RmST) and antibiotic resistance are indicated in the footnotes

TABLE 4

GENETIC PROFILE OF ISOLATES OF THE K. PNEUMONIAE SPECIES COMPLEX

SL1471; CG1471;
ST-65  scgST-11107  0_0_391_.0_0_0_3_1_0_0 Kp1 SL322; CG322; K2 KL2
SL65 CG65
ST- SL107; CG219;

scgST-6401 0_0.80.8.0.0_0_7_0_0 Kp1 no KL125KL114

219 4 T T SL3157  CG3157
SL1471; CG1471;
ST-86 scgST-2800  0_0_395_0_13_1_0_0_0_0 Kp1 SL322;  CG322; K2 KL2KL30

SL86 CG86
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TABLE 5

VIRULENCE PROFILE OF K. PNEUMONIAE ODKB-16 ISOLATE

YbST/
AbST/Aerobactin/ CbST/Colibactin/ Yersiniabactin/ SmST/Salmochelin/ RmST/RmpADCproteins/
iucABCD, iutA* c/lbABCDEFGHILMNOPQ  ybtSXQPAUTE, iroBCDN rmpACD
irp2, irp1, fyuA
Genotype iuclineage Genotype clblineage ICE lineage Genotype irolineage Genotype rmp lineage
ST-1 iuc 1 ST-13 cb3 Ybt-17; ICEKp10 ST-10 iro1 ST-38 rmp 1; KpVP-1

Note. * — gene cluster name/target product/list of genes from the gene cluster.

has been previously revealed to be closely associated
with K. pneumoniae infection [29, 30]. All loci of this operon
were only determined in the highly virulent MDR isolate
of K. pneumoniae ODKB-16 (Fig. 16).

Resistome analysis of the studied strains using
the Pasteur Institute’s service for strains of the K. pneu-
moniae [27] revealed that the genome of three strains
of K. pneumoniae contained gene clusters encoding resis-
tance to aminoglycosides, beta-lactamases, quinolones,
and had genotype 2b, determined by 23 loci encoding
resistance to beta-lactam antibiotics. Additionally, catA
and sulA genes encoding resistance to chlorampheni-
col and sulphonamides, respectively, were determined
in the genomes of all strains. The fosA gene encoding re-
sistance to fosfomycin was revealed only in the chromo-
some of K. pneumoniae isolates ODKB-16 and ODKB-81.
Efflux pumps are considered to be one mechanism of mul-
tiple AMA resistance formation. Determinants of efflux
pumps and their regulation 0gxAB, acrAB-tolC, acrZ, cusA,
marAR, soxSR, rob, ramAR (RND (Resistance-Nodulation
Division) family), mdtM, bcr (MFS (Major Facilitator Super-
family) family), and macAB (ABC (ATP Binding Cassette)
family) were determined in the genomes of all isolates.

DISCUSSION

In our previous studies, opportunistic bacteria
of K. pneumoniae species were classified as an etiologi-
cal factor in the development of nosocomial generalised
purulent-septic infections [12], and their ability to bio-
film formation and resistance to disinfectants and AMA
was observed [13-15]. Three isolates of K. pneumoniae
with resistance to different groups of AMA were stud-
ied to determine the clinical significance and potential
of the K. pneumoniae species complex. It should be out-
lined that K. pneumoniae strains ODKB-07 and ODKB-81
were isolated from biotopes that account for the highest
frequency of isolation of opportunistic microorganisms
of the K. pneumoniae species complex [12] - these are both
blood and sputum, respectively.

The phylogenetic analysis of the K. pneumoni-
ae species complex conducted by M. Hennart et al. [3]
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allowed to isolate seven major phylogroups Kp1-Kp7,
with the most represented phylogroup Kp1 - the group
of K. pneumoniae sensu stricto. Various studies have
revealed a great diversity of sublineages (SL) and clon-
al groups (CG) in its phylogenetic structure, reflecting
the active interest of clinical microbiologists in isolates
with multidrug resistance or/and hypervirulence [1, 3,
10, 11]. Phylogenetic analyses of other K. pneumoni-
ae phylogroups revealed divergent SLs, but they were
not predominant; apparently clinically important sub-
lines and clonal groups in these phylogroups have yet
to be sequenced [3]. The authors also complemented
the multilocus core genome analysis scheme (cgMLST,
634 loci) previously defined by S. Bialek-Davenet et al. [2].
The scgMLST629 scheme includes 629 loci and the pro-
file combines LIN code, phylogroup (Kp), sublineage (SL),
and clonal group (CG) [3].

The K. pneumoniae isolates ODKB-16, ODKB-07,
and ODKB-81 that have been analysed in this study were
assigned to genotypes ST-65, ST-219, and ST-86 based
on MLST analysis. ScgMLST629 analysis revealed similar-
ity to sublineages SL1471, SL322, and SL65 for K. pneu-
moniae ODKB-16, SL107, and SL3157 for K. pneumoniae
ODKB-07,and SL1471, SL322, and SL86 for K. pneumoniae
ODKB-81.

It should also be pointed out that there is a different
frequency of virulence genes and AMA resistance genes
being observed among the major SLs and CGs [3, 31].
Among the analyzed isolates, all loci were determined
only in the K. pneumoniae ODKB-16 genome, according
to the virulence profile proposed earlier [10, 11]. An iso-
late with a mean virulence score of 5 had a mean resis-
tance score of 1 (1 = ESBL).

The emergence of highly virulent strains of K. pneumo-
niae with high resistance to antibiotics has recently forced
researchers to actively study the mechanisms and factors
responsible for the emergence and survival of such bac-
teria [29]. Considering the effect of AMA against bacteria
as a cell response to an environmental stressor, the forma-
tion of resistance may be a consequence of different ge-
netic determinants. Alternatively, cross-resistance or joint-
ly resistance, for example, to AMA and disinfectants and/
or AMA and heavy metals, may be associated with similar



genetic mechanisms for resistance phenotype formation
[32,33].Inrecent experimental studies with model animals,
the tellurium resistance operon, known as ter-operon, was
revealed to be associated with pneumonia and bacterae-
mia caused by K. pneumoniae [29]. Comprehensive stud-
ies of the ter-operon in K. pneumoniae based on genomic
and bioinformatic approaches revealed that the ter-oper-
on was genetically independent of other plasmid-encod-
ed virulence and antibiotic resistance loci [29]. In mouse
model experiments, ter-operon, which is closely associat-
ed with infection, has been revealed to encode factors that
resist stress induced by the local gut bugs during K. pneu-
moniae colonisation [29]. In a study modelling urinary tract
infection, the role of TerC protein in resistance to ofloxacin,
polymyxin B, and cetylpyridinium chloride was revealed
[30], and together, the results of these studies suggest
a role for ter-operon as a factor in persistence and stress
tolerance [29, 30]. Among the K. pneumoniae strains ana-
lysed in this study, only in the genome of the highly viru-
lent isolate with MDR ODKB-16 all loci of the ter-operon
were characterized, indicating the presence of additional
determinants of tolerance to environmental stressors in its
genome.

CONCLUSION

Phylogroups, sublines, and clonal groups within iso-
lates of the K. pneumoniae species complex can vary con-
siderably in their ecology and pathogenicity, and their
precise definition is important in both basic research
and practical public health. The genomes of three clini-
cal isolates of K. pneumoniae obtained from the patients’
clinical material were characterised based on different
multilocus sequence typing schemes. The virulence profile
was determined, MLST typing of seven genes and core ge-
nome typing with 629 genes (scgMLST62) was performed,
and all isolates were assigned to the Kp1 phylogroup, K2
K-type and 2b genotype. Additionally, the ter operon has
been characterized as a stress tolerance factor. This com-
prehensive species-specific scheme for genomic taxono-
my of clinical isolates may be used and should help unify
global and regional patterns of emergence and microevo-
lution of bacterial pathogens.
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ABSTRACT

Background. Indole and its derivatives are widely used in all areas of pharmaceuti-
cal production. The toxicometry of indole compounds has been sufficiently studied.
At the same time, there is still no information on the toxic effect on individual organs
and systems during long-term intake of most compounds.

The aim. To carry out an experimental study of the toxic effect of indole and its de-
rivative 1-benzylindole on the functional state of the heart and blood values.
Material and methods. The work was carried out on 46 white rats, divided into groups:
control group (n = 22); animals receiving indole once a day for 1 month (n = 12); ani-
mals receiving 1-benzylindole once a day for 1 month (n = 12). The substances were
administered intragastrically 5 days a week. The condition of the animals was assessed
by integral parameters, peripheral blood parameters and biochemical serum tests,
and morphological data.

Results. Administration of indole and 1-benzylindole caused an increase in the elec-
trical activity of the atria, a decrease in the duration of the QRS complex, and a sta-
tistically significant decrease in blood pressure and body temperature compared
to the control group. The intake of indole and 1-benzylindole decreased the number
of red blood cells and hemoglobin, increased the activity of aspartate aminotrans-
ferase and alanine aminotransferase, and increased the concentrations of urea, total
cholesterol and triglycerides in the blood. Against the background of long-term ex-
posure to indole and 1-benzylindole, dystrophic disorders, hypertrophic and atrophic
changes in individual fibers with a pronounced congestion of the microcirculatory
vessels were revealed in the heart of rats.

Conclusion. Indole and 1-benzylindole in case of long-term intake lead to functional
disorders of the cardiovascular system, which cause the development of arterial hy-
pertension, coronary heart disease, and atherosclerotic vascular lesions. Preventive
measures in industries with possible contact with indole and its derivatives should
include regular medical examinations of workers with mandatory monitoring of elec-
trocardiography and advanced indicators of general and biochemical blood tests.

Key words: indole, 1-benzylindole, experimental rats, functional state of the heart,
blood biochemistry, heart morphology

For citation: Gorokhova L.G., Mikhailova N.N., Zhukova A.G., Kazitskaya A.S. Studies
of the effect of indole and its derivative 1-benzylindole on the functional state
of the heart and blood values of laboratory rats. Acta biomedica scientifica. 2024; 9(1):
64-72. doi: 10.29413/ABS.2024-9.1.7
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PE3IOME

O6ocHosaHue. VIHO00/1 U e20 NpoU3BOOHbIE LUUPOKO UCNOJIb3YIOMCA 80 8CeX cihepax
¢apmayesmuyecko2o npou3soocmad. TokCuKomempus UHOObHbIX cOedUHeHUU 0o-
CMamoyHo u3y4eHd. Bmecme ¢ mem ceed0eHUS 0 MOKCUYECKOM 8/IUSHUU HA 0moesib-
Hble op2aHel U cucmembl npu 0UumesibHOM NOCMynJjieHuUU 8 0p2aHu3M 60/16WUHCMBA
coeduHeHuUU 00 cux Nop omcymcmayrom.

Llene uccnedosanus. IkcnepumMeHmMasnbHoe U3ydeHUe MOKCUYECKo20 8/TUSHUS UH-
00/1a U 20 NpoU3800H020 1-6€H3UNUHO0/1A HA (hyHKYUOHAIbHOe COCMOsAHUe cepoyd
U nokasamesiu Kpoau.

Mamepuan u memo0sl. Paboma nposedeHa Ha 46 bestbix Kpblcax, pa30eéHHbIX Ha 2pyn-
Nbl: KOHMPOJLHAs (N = 22); XXUBOMHbIE, NOJTyYasLiue UHOo/ 1 pas 8 deHb 8 medeHue 1 me-
caya (n=12); xugomHele, nostyyasguiue 1-6eH3unuHoosn 1 pas e 0eHb 8 meyeHue 1 mecaya
(n = 12). Bewsecmaa 8800usu 8Hympuxenyoo4Ho 5 OHeli 8 Hedesto. CocmosaHuUe Xugom-
HblX OU4eHU8asIu NO UHMe2PasbHbIM Napamempam, NoKasamessm nepugepudeckoli Kpo-
8U U BUOXUMUYECKUX aHA/IU308 CbIBOPOMKU, MOPOI02UYECKUM OdHHBIM.
Pesynemamel. BsedeHue uHOona U 1-6eH3UIUHOOA NPUBOOUSIO K yeesludeHUto
anekmpuyeckol akmugHocmu npedcepouli, yMeHbWeHUI NPoO0oKUMeTbHOCMU
komnniekca QRS u cmamucmuyecku 3HAYUMO CHUXAJIO apmepuasbHoe 0asJie-
HuUe U memMnepamypy mesd no cpasHeHulo ¢ KoHmposem. [locmynneHue uHoona
U 1-6eH3uUIUHO0IA CHUXAJIO KOIUYeCma0 3pumpoyumos U 2eMo2/106uHd, Nosbila-
JI0 AKMUBHOCMb acnapmamamuHompaHcgepassl U aiaHUHAMUHOMPAHCpepasel,
y8esiu4u8ano KOHUeHMpayuu MoyeguHsl, 06uje2o xosecmepuHa u mpuzauyepucos
8 Kposu. Ha ¢poHe dnumenbHo20 8030elicmausa uHOoa u 1-6eH3unuHoona 8 cepoye
KpbIC 8blAB/IeHbl HapyweHUs OUCmpoguyeckozo xapakmepd, 2unepmpoguyeckue
U ampocguyeckue usmeHeHUs omoesibHbIX 80JIOKOH C Pe3KO 8blpaXeHHbIM NOJTHOKPO-
sueM cocy0o8 MUKPOYUPKYIAMOPHO20 pyca.

3akmoyenue. VIHOon u 1-6eH3UNUHOON 8 ycC/io8uUAX OIUMEIbLHO20 NOCMYNJIeHUA
8 Op2aHU3M NpuBOOAM K (hyHKUUOHA/IbHBIM HAPYWeEHUAM cepOeyHo-cocyoucmoti
cucmemsl, Komopwle 98/1910MCcA NPUYUHOU pazsumus dpmepuasnbHol 2unepmeH3uu,
uwemuyeckol 60s1e3HU cepoyd, amepocKiepomuyeckux nopaxeHuti cocyoos. lpo-
unakmuyeckue MeponpusMus HA NPou3Bo0CMBax, 20e 803MOXeH KOHMAKM C UH-
00/I0M U e20 NPOU3BOOHLIMU, OOJIXKHbI 8K/IOYAMb pe2ysiapHble NpoghocMompel pa-
60MHUKO8 C 0653amesibHbIM KOHMPOJIeM 3/1eKmpo2apouoepapuu U paculupeHHbIMU
nokasamenamu obujezo U GUOXUMUYECKO20 aHA/IU308 KPO8U.

Knioyeaoie cnoea: uHoos, 1-6eH3UUHOO, SKCnepUMeHMAsbHble Kpbicbl, ()yHKYUO-
HaslbHoe cocmosAHue cepoyd, GUOXUMUS Kposu, Mopghosioaus cepoya

Ona uyntuposaHua: flopoxosa J1.I[,, Muxannosa H.H., Kykosa A.l, Kasnukan A.C. iccnepo-
BaHVA BO3AENCTBMA NHAOSA 1 €ero NPou3BogHOro 1-6eH3nnnHAoNa Ha GyHKUMOHaNbHOe
COCTOsIHME cepALa 1 NoKasaTeny KpoBu NabopaTopHbIxX Kpbic. Acta biomedica scientifica.
2024; 9(1): 64-72. doi: 10.29413/ABS.2024-9.1.7
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INTRODUCTION

The modern pharmaceutical industrial complex s charac-
terised by the introduction of new compounds into produc-
tion, often having a complex nature of action over the body.
This process largely determines the change in the clinical
and pathogenetic specificity of modern varieties of occupa-
tional intoxications and the emergence of new nonspecific
reactions that may dominate the clinical picture of diseases.
It has been revealed that the cardiovascular complex is high-
ly sensitive to the toxic effect of chemical substances, which
manifests itself in the form of dystrophic changes in the myo-
cardium and autonomic-vascular dystonia [1, 2]. The iden-
tification of mechanisms of disorders, their nosological
differentiation and diagnostics, however, is considerably
complicated by the fact that lesions of the cardiovascular
system with chemical etiology develop under the com-
bined effect of a whole complex of technological factors
affecting the organism. For this reason, conducting ex-
tended experimental studies makes it possible to isolate
the factor of chemical exposure from the general com-
plex of unfavourable factors and to rank its importance
in the development of various pathologies of the cardio-
vascular system.

Indole (2,3-benzpyrrole) is an organic compound
of a series of nitrogen-containing heterocycles, an ancestor
of an extensive group of synthetic and naturally occurring
compounds. Its content is quite high in coal tar, in some
plant essential oils (e.g., in plants of the olive family, cit-
rus). Indole and its numerous derivatives are widely used
in chemical production, especially in the pharmaceutical
industry. Among them, compounds with a high degree
of biological activity and a wide range of pharmacological
effects on the human body have been revealed [3]. Spe-
cifically, the indole derivative, 1-benzylindole, has been

TABLE 1

revealed to have cardiotropic, antiarrhythmic, anti-inflam-
matory and local anaesthetic activity [4].

The extensive use of indole and its compounds has
been reflected in detailed studies of the toxicometric pa-
rameters of the substances [5, 6]. However, there is still no
information related to the toxic effect of indole and 1-ben-
zylindole on the cardiovascular complex at their prolonged
intake into the body. Accordingly, the aim of the study
was to experimentally examine the toxic effect of indole
and its derivative 1-benzylindole both on the functional
state of the heart and blood parameters.

MATERIAL AND METHODS

Design and proper testing environment. The phys-
icochemical and toxicometric properties of indole and its
derivative 1-benzylindole are summarized in Table 1.

The studies were performed on 46 white male sexually
mature laboratory rats. Animals were kept and excluded
from the experiment in accordance with the requirements
of the guidelines of the Ministry of Health and Social De-
velopment of Russia “About the approval of the rules
of laboratory practice” (No. 708-H dated August 23, 2010)
and international rules «Guide for the Care and Use of Lab-
oratory Animals» (Strasbourg, 1986).

Ethical review. A positive decision of the Biomedical
Ethics Committee of the Research Institute of Complex
Problems of Hygiene and Occupational Diseases (Minutes
No. 3, § 1 dated May 12, 2022) was obtained for the exper-
imental study. All animals underwent the necessary quar-
antine and were kept under standard housing conditions
with natural light regime and free access to water. The rats
were fed according to the standards established by the or-
der of the Ministry of Health of the USSR N¢ 1179 dated

PHYSICOCHEMICAL AND TOXICOMETRIC PROPERTIES OF THE SUBSTANCES UNDER STUDY

Gross  Molecular Substance
Substance Structural formula : Aggregate state DL, (oral) hazard
formula weight =0
category

Indole Pale yellow crystalline
(2,3-benzpyrrole) | owder with a Rats - il

H ZPy CHN 117.15 P - 1200 mg/kg (moderately
CAS Registry N 87 pungent characteristic 78] hazardous)
120-72-9 |1| indole odour '
e [ ] T
§§7S7F_(;e1g_|;try 'Tl CisHsN 207.262 with specific indole 5800 mg/kg  (low-hazardous)

CH,-CgHs unpleasant odor
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October 10, 1983 “About the approval of the feed cost stan-
dards for laboratory animals in health care institutions”.

Study duration, description, and methods of en-
rollment. Two series of experiments were conducted
simultaneously. In the first, the rats were divided into
a control group (n = 11) and a group of animals receiving
indole (n = 12). In the second series, the rats were divid-
ed into a control group (n = 11) and a group of animals
receiving 1-benzylindole (n = 12). The duration of sub-
stance administration was 1 month with weekend breaks.
The study substances were administered intragastrically
with a metal probe at a dose of 0.1 DL, as a 20 % sus-
pension on a starch gel 5 days a week, once a day. Con-
trol animals received starch gel intragastrically at appro-
priate doses. External examination of each animal was
performed within the first hour after drug administra-
tion and every 10 days. Animals were weighed weekly
and variations in feed and water intake in individual cag-
es each day were visually observed.

Conclusions about the degree of the substances ef-
fect over the general condition of the animals were made
considering the dynamics of body weight and rectal tem-
perature measurement using TPEM-1 electrothermom-
eter; motor activity and the value of the sum-threshold
index (STI) were evaluated. Blood pressure readings were
taken in animals by a noninvasive method using a LE
5001 tonometer (PANLAB, S.L. Energia, 112 08940 Cor-
nell, Spain).

In the course of the experiment, on the 10™" and 20™"
days, the rats had electrocardiogram (ECG) readings
recorded in the second standard lead according
to the method of L.V. Lierman (1962).

Blood sampling was performed in rats from the tail
vein. The studies were performed according to a number
of common clinical studies of peripheral blood: the num-
ber of erythrocytes, hemoglobin, leukocytes, analysis
of leukocyte formula. The standard cyanmethemoglobin
photometric method was used to determine hemoglobin
content [9]. The number of erythrocytes and leukocytes
was counted using the test tube method in a Goryaev
chamber. Erythrocyte and leucocyte number were calcu-
lated according to standard formulae.

The following serum biochemical parameters were
measured by standard methods using Vector-Best di-
agnostic kits (Russia): activity of serum aspartate amino
transferase (AspAT), alanine aminotransferase (ALAT),
glucose, urea, total cholesterol and triglycerides.

Histomorphologic examination of heart, liver,
and kidney tissue was performed. A 12 % formalin solu-
tion was used as a fixative. After histological processing
using the AGP-1 apparatus (Russia), the samples were em-
bedded in paraffin. Sections 5-7 um thick were prepared
on a rotary microtome MZP-01 (Russia). The deparaffin-
ised sections were stained with haematoxylin and eosin
and Van Gieson picrofuchsin in order to reveal elastic
and collagen fibres. Histological preparations were ex-
amined by light microscopy method using Nicon Eclipse
E 200 (Nicon, Japan) with digital image transmission
to the monitor and processing in BioVision 4.0 software.
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Statistical analysis. Statistical processing was
performed using Statistica software for Windows v. 10
(StatSoft Inc., USA) by methods of variation statistics
with calculation of the following parameters: mean value,
standard error of the mean, statistical significance of dif-
ferences between comparison groups using the para-
metric Student’s t-test (t) if normally distributed.

RESULTS

The conducted studies revealed significant distur-
bances in the organism of experimental animals exposed
toindole and 1-benzylindole. Electrocardiographic exam-
ination of the experimental group of indole-injected an-
imals revealed a statistically significant increase in heart
rate (HR) and a 10 % increase in the duration of the P
wave, which is an identifier of an increase in the electrical
activity of the atria (Table 2) [10]. In addition, ECG of rats
that had received both indole and 1-benzylindole re-
vealed a decrease in the duration of the QRS complex.

A statistically significant increase in the elevation
of the R wave during ECG acquisition from rats that
survived 1-benzylindole poisoning is also an indicator
of the presence of functional cardiac abnormalities.

The indices of electrical activity of the heart muscle
during indole intake correlate with a decrease in the lev-
el of general excitability of experimental animals, which
was manifested in STl and motor activity changes (Ta-
ble 3). The negative effect of indole and 1-benzylin-
dole administration over physiological and behavioural
reactions was expressed as an increase in the ability
of the nervous system to sum up subthreshold impulses
by 12 % and a decrease in the motor activity of animals
in the maze: total horizontal activity by 30 %; directed
horizontal and vertical activity by 40 %, integral index
by 20 %. During the subacute administration a statistical-
ly significant decrease in body temperature by 0.4-0.6 °C
was observed. In animals that survived indole poisoning,
a statistically significant pronounced decrease in blood
pressure was revealed.

Analysis of the peripheral blood components com-
position revealed that administration of the studied
toxicants to animals resulted in relative erythropenia
and decreased haemoglobin concentration (Table 4).
In the quantitative characteristic of white blood, relative
leucopenia was observed, developing as a result of a 21—
23 % decrease in the number of paloconuclear and seg-
mented neutrophils. The decrease in leucocyte number
resulted in a relative lymphocytosis. A statistically insig-
nificantly expressed tendency to increase by 12-15 %
the number of eosinophils in the blood of indole-poi-
soned animals was observed.

Glycemic level is a significant diagnostic marker
showing the severity of biochemical disorders in intox-
ication. In rats poisoned with indole, an increase in se-
rum glucose levels was observed by 24 %, with 1-ben-
zylindole - by 14 % (Table 4). There was a 20 % increase
in blood urea concentration.
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TABLE 2

ELECTROCARDIOGRAM PARAMETERS OF RATS DURING SUBACUTE INTRAGASTRIC ADMINISTRATION OF
SUBSTANCES (M = M)

Experience (n=12) 524.0 £ 7.50%
Control (n=11) 496.9+7.74
Experience (n=12) 21.2+0.73*
Control (n=11) 19.2+0.34
Experience (n=12) 0.12+0.02
Control (n=11) 0.15+0.019
Experience (n=12) 445+ 1.25
Control (n=11) 441+£1.16
Experience (n=12) 19.5 £ 0.25*
Control (n=11) 20.6 +0.46
Experience (n=12) 0.62 +0.07
Control (n=11) 0.65 +0.07

540.0 £9.54
528.0+11.53
19.9+0.21
19.7 £0.22
0.13+0.02
0.16 £0.01
43.4+0.73
43.1+£1.19
194 £0.21**
20.3+0.21
0.77 £0.07*
0.95 +0.05

Note. Differences with the control group of animals are statistically significant: * - at p < 0,05; ** —at p < 0,01.

TABLE 3

INTEGRAL INDICES OF RAT CONDITION DURING SUBACUTE INTRAGASTRIC ADMINISTRATION

OF SUBSTANCES (M = M)

Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)

Control (n=11)

49+0.19%
44+0.15
37.7 £0.12%*
38.1+0.08
132.2+5.81
136.3+3.72
81.5+4.01*
93.5+3.65
98.2 +3.18*
108.5 +3.61
21.8+2.78%
28.9+1.76
5.7+1.03
8.2+1.04
63+1.12
9.2+0.77
11.8 £1.05%
14.8 £0.32

48+0.10
46+0.10
37.5£0.14%**

38.1+£0.06

24.0+£3.91
27.8 +£2.68
53+1.03
7.2+1.03
53+1.03*
83+1.04
13.0+1.04
13.8+0.41

Note. Differences with the control group of animals are statistically significant: * - at p < 0,05; ** —at p < 0,01.
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When both indole and 1-benzylindole were ad-
ministered, statistically significantly increased 1.2-1.3-
fold AspAT and ALAT activities were revealed in serum.
The study of lipid metabolism revealed an increase in se-
rum total cholesterol concentration by 25 % with indole

TABLE 4

administration and by 40 % with 1-benzylindole admin-
istration, and triglycerides by 45 and 50 %, respectively.

The changes revealed at the functional and bio-
chemical levels are confirmed by the data of morpholog-
ical studies of heart, liver and kidney tissue. For instance,

HAEMATOLOGICAL AND BIOCHEMICAL PARAMETERS OF BLOOD SERUM OF RATS DURING SUBACUTE
INTRAGASTRIC ADMINISTRATION OF SUBSTANCES (M + M)

Indices

HGB, g/L

RBC, 10'%/L

WBC, 10°/L

Leukocyte formula

Banded neutrophiles, %

Segmented neutrophils, %

Eosinophils, %

Monocytes, %

Lymphocytes, %

AspAT activity, mmol/(h « 1)

ALAT activity, mmol/(h « I)

Cholesterol, mmol/L

Triglycerides, mmol/I

Urea, mmol/L

Glucose, mmol/L

Animal groups (number)

Peripheral blood values

Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)

Control (n=11)

Serum biochemical indicators

Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)
Control (n=11)
Experience (n=12)

Control (n=11)

Indole

156.2 + 3.87
161.6 +3.26
7.10x=0.12
730+0.11
120+£1.22
13.6 147
1.0£0.01
1.3£0.12
149+ 1.12
21.7+1.84
2.8+0.62
2.2+0.87
6.1+£0.50
7.1+0.74
76.6 +1.12

67.6 +£3.36

1.99 £ 0.074%**
1.49 +0.075
1.27 £0.115%**
0.62 +0.050
2.0 +0.097%*
1.6 £ 0.086
0.67 £ 0.054**
0.45+0.054
59+0.164
4.9+0.122
7.7 £ 0.222%**

6.2 +£0.261

Note. Differences with the control group of animals are statistically significant: * - at p < 0,05; ** —at p < 0,01.

69

1-benzylindole

148.5 £ 4.48*
161.0 +£3.36
6.65 +0.12*
7.0£0.11
125+1.08
152+£1.34
0.9+0.12
1.0+0.24
20.1+1.83
241 +2.82
2.8 +0.62
22+037
6.6 £0.37
6.8+0.74
67.8+1.85

63.0 +3.48

1.73 £0.040***
1.47 £ 0.047
0.77 +£0.073
0.67 +0.044

2.0 £ 0.125%**

1.4 +0.051
0.65 = 0.042*
0.43 +0.078
6.7 +0.470**

52+0.156

8.0 +£0.347

7.0+0.295



the following changes were revealed in myocardium:
cardiomyocytes were thinned, with the presence of un-
derlined striation; microcirculatory vessels were markedly
full blooded; intermuscular spaces were dilated; residual
traces of round cell infiltration were observed in some
areas of myocardium. Due to some «homogenisation»
of the middle layer of the vascular wall, thickening of ves-
sels is observed; slight infiltration with elements of lym-
phoid series is revealed in them. In the vascular lumen
- stasis phenomena with aggregation of aggregated
erythrocytes.

The liver revealed moderately pronounced fatty dys-
trophy accompanied by a significant decrease in the gly-
cogen content in the cytoplasm of hepatocytes compared
to the control.

The ingestion of toxicants caused a compensato-
ry-adaptive response of the organism, which manifest-
ed itself in diffuse proliferation of kupffer cells. Renal
lesions are expressed in the form of enlarged tubules;
as a result of swelling of capillary endothelium, the lumen
of the Shumlansky — Bowman capsule is narrowed, the ep-
ithelium of renal tubules is swollen, loose protein masses
are found in the lumen of tubules.

DISCUSSION

Data about the toxic effect of indole and 1-benzylindole
on the cardiovascular system in Russian and foreign open
sources are insignificant, while indole and its derivatives are
valuable industrial raw materials for the chemical and phar-
maceutical industries. The conducted studies have revealed
the studied xenobiotics as moderately and low hazardous
atacute intragastric intake into the organism, but it does not
exclude possible toxic effect, especially to heart and blood
system, at subacute and chronic exposure.

The results of the conducted experiment revealed
functional abnormalities in the heart. ECG monitoring
of the group of animals receiving indole revealed signs
of increased atrial electrical activity. The shortening
of the QRS complex duration revealed on the ECG of rats
poisoned by both substances compared to the control
may indicate an acceleration of the depolarisation process
and serve as a sign of myocardial electrical instability [11].

Lesions of the cardiovascular tract are not isolated,
but develop in combination with other general and specific
manifestations of the damaging effect of a chemical agent
to the organism. Administration of both indole and 1-ben-
zylindole statistically significantly decreased blood pres-
sure and body temperature, caused changes in the indices
of motor activity and STI, which demonstrates a decrease
in the general excitability of the animals’ organism.

Being universal, the body’s defense system elicits
a range of monotypic hematologic responses. The inges-
tion of substances in the body causes systemic damage
to the processes of haemopoiesis, which manifests itself
as a decrease in the number of erythrocytes and haemo-
globin concentration [12, 13]. A change in the percentage
of white blood elements can be considered the most typical
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defence reaction of the organism to toxins. In the study
of white blood composition, relative leucopenia was ob-
served due to a decrease in the number of rod-shaped
and segmented neutrophils, which may be of diagnostic
value. The decrease in leucocyte number resulted in a rela-
tive lymphocytosis. The number of eosinophils in the blood
of animals exposed to indole poisoning is increased.

The increased level of enzyme activity in biomedical
studies serves as a marker of a diseased organ, reflect-
ing the level of its morphological destructive changes
and physiological intensity of metabolism. Glycemic levels
reflect the magnitude of severity of biochemical disorders
in intoxication. In rats poisoned with indole and 1-benzylin-
dole, an increase in serum glucose levels was observed,
which may indicate impaired oxidation of the main energy
substrates in the organs as a result of their toxic damage.

In standard clinical studies, the determination
of changes in aminotransferase activity is considered one
of the most highly sensitive marker assays for studying
the functional status of the cardiovascular system. These
enzymes are indicators of the state of organ membranes,
which are characterised by their highest activity. For As-
pAT, the myocardium is primarily such an organ [14, 15].
Consequently, the increased AsAT activity in the serum
of animals that had received indole and 1-benzylindole
reflects probable membrane abnormalities accompa-
nied by release of the enzyme into the blood. In this case,
the increase in ALAT activity may signal not only hepato-
cyte damage, but also anabolic processes dominating
in the organism of experimental animals [16].

The study of lipid metabolism revealed an increase
in the concentration of total cholesterol and triglycerides
in the blood serum of experimental groups of animals.
The proatherogenic effect of toxicants may be one
of the premorbid factors causing the development of ar-
terial hypertension in chronic poisoning. The hypercholes-
terolaemia that develops under conditions of intoxication
may be associated with both the ability of xenobiotics
to activate a number of enzymes involved in cholesterol
biosynthesis and the parallel inhibition of enzymes in-
volved in its breakdown [17].

The 20 % increase in serum urea concentration revealed
in the experiment may signal the initial stages of portal cir-
culation disorder with the accession of renal failure.

Morphohistological studies confirmed the toxic ef-
fect towards the heart of animals poisoned with indole
and 1-benzylindole. In the structure of the rat heart poi-
soned by these compounds, changes of dystrophic char-
acter, hypertrophic and atrophic changes of separate
fibres were observed, in the microcirculatory vascular
bed the walls were thickened at the expense of hypertro-
phy of cells of the muscular layer, full blood vessels were
sharply pronounced.

Study limitations. The study is limited by examin-
ing the toxicological characteristics of indole and 1-ben-
zylindole. In vivo experiments undertaken in accordance
with guidelines for the protection of experimental animals
limit their number as a result of animal hazards and public
ethical views towards in vivo experiments.



CONCLUSION

The results of experimental studies have revealed that
indole and 1-benzylindole under conditions of long-term
intake into the organism lead to heart disorders, clinical
manifestations of which can be such diseases as arteri-
al hypertension, cardiosclerosis, angina pectoris, cardi-
ac arrhythmias, atherosclerotic lesions of blood vessels.
For the purpose of prophylaxis at the production facilities
where contact of employees with indole and its derivatives
is possible, in addition to constant monitoring of work-
places and mandatory use of personal protective equip-
ment, regular occupational examinations of employees
with extended indices of general and biochemical blood
tests and mandatory control of ECG are necessary.
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MOLECULAR COMPONENTS, IMMUNE AND STEM CELLS
IN SOFT TISSUE REGENERATION

Plekhova N.G., ABSTRACT
Korolev D.V.,,
Shumatov V.B. Wound healing is a spatiotemporal and highly regulated process that is divided

into four continuous and overlapping stages: hemostasis, inflammation, repair
(proliferation) and remodeling. All stages are controlled by various body systems
and depend on the regulatory role of immune and stem cells. Despite significant
progress in understanding the cellular and molecular mechanisms of inflammation,
the role of the immune microenvironment in the regeneration process remains un-
clear. On the one hand, the critical importance of the cellular and molecular compo-
nents of the immune system in the reparative response of tissues, including the de-
gree of scarring, restoration of structure and function of organs, has been proven,
and on the other hand, little data is presented on the loss of tissue regeneration abil-
ity associated with the immune competence evolution. The review presents the key

Pacific State Medical University
(Ostryakova Ave. 2, Vladivostok 690002,
Russian Federation)

Corresponding author: cellular and molecular mechanisms of the immune response and of the stem cells
Natalia G. Plekhova, participation soft tissue repair process during their interaction with the extracellular
e-mail: pl_nat@hotmail.com matrix. An analysis of the latest scientific data on the participation of components

of the immune microenvironment and of stem cells in soft tissue repair process was
carried out based on the publications presented in Google Scholar, Medline, PubMed,
Scopus and Web of Science. It has been shown that the nature of this response
and its duration have a significant impact on the outcome of repair - from incom-
plete recovery (scarring or fibrosis) to full regeneration. It is indicated that various
types of immune and stem cells take part in the soft tissue repair and remodeling
processes, and their interaction must be precisely controlled. The review data may
provide the basis for the development of new therapeutic approaches for soft tissue
repair through immune regulation or the use of stem cells and extracellular vesicles.

Key words: immune microenvironment, stem cells, soft tissues, regeneration,
intercellular interaction

Received: 01.06.2023 For citation: Plekhova N.G., Korolev D.V., Shumatov V.B. Molecular components, immune
Accepted: 25.01.2024 and stem cells in soft tissue regeneration. Acta biomedica scientifica. 2024; 9(1): 73-84.
Published: 26.03.2024 doi: 10.29413/ABS.2024-9.1.8

73

Morphology, physiology and pathophysiology



ACTA BIOMEDICA SCIENTIFICA, 2024,Vol. 9, N 1

MOJIEKYJTAPHbIE KOMIMOHEHTbI, UMMYHHbDIE N CTBOJIOBbIE KJIETKU
B PEFTEHEPALIUUN MATKUX TKAHEN

Mnexosa H.T.,
Kopones [1.B.,
LllymaTos B.b.

OrbOY BO «TxooKeaHCKMi
rocyfapCTBEHHbIN MeANLIHCKUI
yHUBepcuteT» MuHsgpasa Poccun
(690002, r. BnaansocToK,

npocn. OcTpakoBa, 2, Poccus)

ABTOP, OTBETCTBEHHbIN 3a Nepenucky:

lMnexoBa Hatanbsa leHHagbeBHa,
e-mail: pl_nat@hotmail.com

Cratba noctynuna: 01.06.2023
Cratba npuHaTa: 25.01.2024
(ratbs ony6aukoBaHa: 26.03.2024

PE3IOME

Cmamesa nocsaweHa 500-nemuto co OHA poxoeHUs geuyaliuie2o 8paya u y4éHoz20
XVI eeka [abpusne Qannonuo (Oannonus), pegontoyuoHepa-mop@hosoa, BHECWE20
HeoueHUMBbIU 8K/1a0 8 pazsumue Hayku, 0OHO20 U3 ocHogamesnel hyHOamMeHmMarslb-
Holi aHamomuu. Y xoms npexde ecezo Oannonuli uzeecmeH Kak aHamom, onucas-
wuli MamouyHsle («ghannonuessi») mpybbl, Kpy2 UHMepecos y4éHo2o bbli 20pa3do
wupe, a ek1ad 8 AHAMoOMUI0 — Hecousmepumo 6osee 3HayumensHoimM. Oannonuti
€0es1a/1 MHOXeCmaeo 8aXXHbIX OMKpbImuli 8 AHAMOMUU, pA0 dHAMOMUYeCKUX CMpyK-
myp Hocam ezo umA. Kpome mozo, [abpusne @annonuo 6bi1 ManaHmMausIM neod-
2020M U U38ECMHbLIM NPAKMUKYIOUUM 8pA4yoM, xupypaom u papmayesmom. Ocobo
cnedyem ommemume, ymo Qannonuli cuuman cebs yueHukom AHOpedca Bezanus.
JlaHHelx, noOmeepxoarouux akm nuyHozo 3Hakomcmeaa ®annonus u Beszanus,
He umeemcs, HO ecmb OOKyMeHMaabHoe noomeepxoeHue KpamkospemeHHoU ne-
penucku ynoMaHymelx y4éHslx. B ce0ém 3HameHUmom mpyoe «AHamomuyeckue Ha-
6rooeHus» («Observationes anatomicae», 1561) @annonuli ykaszan Ha owubku Be-
3a/1UA U €20 HeMOYHOCMU 8 AHAMOMUYeCKUX ONUCAHUAX, ho08epzHY8 KOppeKmHoU
Kpumuke se3anuesckyto «De humani corporis fabrica». CoxpaHuncs omeem Besanus
¢ kKomnaumeHmamu e adpec Gannonus Kak y4éHozo. B irobom cyyae, HeCOMHEHHbIM
¢akmom sengemca mo, umo @annonuli 6bin npusepxeHyem Memoodos Besanus
8 NpuKIAoHoU Hayke U npenoddsaHuu aHamMomMuu U nocsedo8amesibHO 8HeOpAs
UxX 8 NPAKMUKY HA NpOMsiXXeHUU 8celi coell XU3HU.

Knioueavie cnoea: ucmopus aHamomuu, ucmopus meouyuHsl, [abpusne Oannonuo,
¢annonuessl mpy6bl, MEOUYUHCKAA MepMUHOI02Us

Ana yntuposanua: lNnexosa H.I,, Kopones [.B., LLlymatos B.b. MonekynapHble Kommno-
HeHTbl, UMMYHHbIe 1 CTBOJIOBbIE KNIETKW B pereHepauumn MArknx TKkaHein. Acta biomedica
scientifica. 2024; 9(1): 73-84. doi: 10.29413/ABS.2024-9.1.8
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The process of soft tissue regeneration after injury
is accompanied by activation of various cells: platelets,
neutrophils, macrophages, endothelial cells, keratinocytes
and fibroblasts, as well as secretion of biologically active
substances (growth factors, cytokines, chemokines and oth-
ers) necessary for coordination of intercellular interactions.
This process sequentially involves four coordinated steps:
haemostasis, inflammation, repair (proliferation) and re-
modelling, which are controlled by different body systems
(fig. 1) [1]. The regulatory role of immune cells in the devel-
opment of the initial stages of tissue healing determines
the efficiency of subsequent repair and remodelling [1, 2].
Despite significant progress in understanding the cellular
and molecular mechanisms of repair, the question remains:
«Why is there a tendency for incomplete healing (substi-
tution) and scarring of damaged tissue and not complete
regeneration?». The important role of the immune system
in the reparative response, including the development
and severity of scarring, has been proven on the one hand,
and on the other hand, data on the loss of tissue regenera-
tive capacity associated with the evolution ofimmune com-
petence have been obtained. In clinical practice, the disrup-
tion and chronisation of regeneration in traumatic soft tissue
defects (trauma, postoperative wounds, infected wounds)
represent a serious problem. Understanding the mech-
anisms of regeneration, in particular the regulatory role
of the extracellular matrix over tissue homeostasis, is neces-
sary to develop ways to treat such defects. The relationship
between tissue healing and immune response depends
on the organ localisation of the process, the period of life
of the organism (embryonic, neonatal, postnatal) and can
have both negative and positive effects [3]. This review
presents the major cellular and molecular mechanisms
of the immune response involved in the soft tissue healing
process. The nature of the immune response and its dura-
tion have a significant influence over the outcome of re-
pair and determine the completeness of the regenerative
process — incomplete (scarring or fibrosis) or complete
(restitution) recovery.

The action of exogenous etiological factors of mechan-
ical (trauma, wounding), thermal or chemical nature in soft
tissues initiates primary alteration and leads to a prolonged
period of increasing vascular permeability with necrosis
of endothelial cells at the level of arterioles. Haemostasis
with clot formation and exudative reaction with release
of blood plasma and inflammatory infiltrate cells into
the paravasal space are activated in the area of injury.
The early transient response of increased vascular perme-
ability is caused by the action of histamine, progesterone,
leukotriene E4, serotonin, and bradykinin (fig. 1). One
of the leading mediators of delayed and persistent reac-
tion is the slow-reacting substance of anaphylaxis, which
includes various leukotrienes, is secreted by mast cells
and causes proteolysis of basal microvascular membranes
[4]. Vascular dilation with increased endothelial permeabil-
ity facilitates the migration of monocytes and neutrophils
attracted by chemokines, growth factors and cytokines se-
creted by platelets aggregated in the lesion during haemo-
static clot formation [4].
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Neutrophils

When tissues are damaged, the cells of innate im-
munity provide immediate defence against potential
pathogens (fig. 1), and even in the absence of patho-
gens, the immune response, initially triggered by mo-
lecular signals from damaged cells, can cause aseptic
(sterile) inflammation [5]. Recruitment of neutrophils
and the homing of these cells to the focus of injury
are provided by pro-inflammatory cytokines, in partic-
ular tumour necrosis factor a (TNF-a), platelet-derived
growth factor (PDGF), transforming growth factor 8
(TGF-B), arachidonic acid derivatives — leukotrienes
and prostaglandins, as well as complement components
C3a and C5a [2, 6-8]. The process of effective wound
healing requires the active participation of neutrophils
expressing pattern-recognising receptors for microbe-
and pathogen-associated molecules (MAMP/PAMP mi-
crobe-/pathogen-associated molecular pattern), as well
as damage-associated molecular pattern (DAMP) [2,
6]. Such cells are phagocytised by macrophages via 32
integrins, which induces in them the release of TGF-BV
which stimulates myofibroblast differentiation, promot-
ing collagen synthesis and reducing the area of dam-
age [9]. The presence of neutrophils at the injured area
is generally limited to the phase of active inflammation;
their longer presence in physical trauma and/or ongo-
ing infection has a detrimental effect and prevents ef-
fective wound healing [2, 10]. Expression of the DAMP
and MAMP pattern-recognising receptors by neutro-
phils in combination with cytokine release further en-
hances the inflammatory response at the injured area.
In this case, the universal nuclear transcription factor
«kappa-bi» (NF-kB, nuclear factor kappa-light-chain-
enhancer of activated B cells), which controls the ex-
pression of immune response, apoptosis and cell cycle
genes, is activated in neutrophils [11, 12]. The toxic ar-
senal of neutrophils directed primarily against patho-
gens, when released as a result of necrosis rather than
apoptosis, leads to damage to the extracellular matrix,
which affects blood coagulation and other mechanisms
involved in wound healing [2, 8, 10, 13]. The negative in-
fluence of neutrophils can be manifested in the initiation
of secondary soft tissue damage, including reperfusion,
which increases the influx of these cells and the forma-
tion of persistent inflammation [14]. Another example
of undesirable effects of neutrophils is the excessive
formation of neutrophil extracellular traps (NET), which
is considered as an inhibitor of wound healing in diabet-
ic patients [15]. NET is an effector function of neutrophils
with release of bactericidal granule components into
the cytoplasm, histone modification, resulting in chro-
matin decondensation, nuclear envelope and cytoplas-
mic membrane disruption with the participation of gaz-
dermin D protein. Subsequently, chromatin is ejected
outside the cell and a structure is formed of modified
nucleus chromatin surrounded by bactericidal granule
proteins and cytoplasm. Uncontrolled NET formation
is a provocative factor in the development of many in-
flammatory and autoimmune diseases [15].
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FIG. 1.

Immune microenvironment and intercellular signaling during soft tissue regeneration. Stages of healing including hemostasis, in-
flammation, repair and remodeling. CCL2 - C-C motif ligand 2; MMP — matrix metalloproteinase; MCP-1 — monocyte chemoattractant
protein-1; IL - interleukin; TNF-a - tumour necrosis factor a; IFN-y - interferon gamma,; NK — natural killer; DAMP — damage-associated
molecular pattern; Treg — regulatory T-cells; MSC — mesenchymal stem cells; PDGF - platelet-derived growth factor; NO - nitrogen
oxide; ROI - reactive oxygen intermediates
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The physiological role of neutrophilsin wound heal-
ing is not only in the clearance of pathogens, but also
in the removal of remnants of damaged cells, includ-
ing red blood cells. In soft tissue repair, neutrophils
have no direct effect on collagen synthesis or granu-
lation tissue formation, but their production of cyto-
kines, including TNF-a, can promote re-epithelialisa-
tion and wound closure [16]. Generally, the claim that
neutrophils have no effect on wound healing through
their regulatory effect on the synthesis of connective
tissue components is rather controversial. The exper-
imental model of aseptic wounds, for example, re-
vealed that neutrophils take part in inflammation that
ends in scarless regeneration [17]. Furthermore,
a decrease in the number of neutrophils in this type
of soft tissue injury without bacterial involvement
correlates with high levels of anti-inflammatory cyto-
kine interleukin (IL) 10, vascular endothelial growth
factor (VEGF) and accelerated wound epithelialisation
[18, 19]. VEGF secreted by neutrophils stimulates an-
giogenesis and promotes tissue repair [20]. There are
several mechanisms to control the effect of neutro-
phils on the induction of repair, particularly through
the scavenging of free radicals generated by hyperacti-
vated neutrophils by superoxide dismutase-3 (SOD-3)
mesenchymal stem cells (MSC) [21]. Additionally, MSCs
themselves can slow neutrophil migration through
TNF-6 protein gene expression and IL-10 production.
Epidermal growth factor in saliva has been known
to reduce neutrophil recruitment and activity, which
explains the positive effect of licking wounds in ani-
mals [22]. The positive effect of neutrophils on wound
healing is also their effect on cell hyperproliferation
and prevention of malignisation [23]. A pronounced
soft tissue inflammatory response with the presence
of neutrophils that neutralise bacteria may be crucial
for the control of the commensal microbiota and sub-
sequent epitheliocyte proliferation [17]. The involve-
ment of the powerful oxidative potential of neutro-
phils (production of reactive oxygen intermediates
(ROIs)) is also important: in addition to their bacteri-
cidal effect, they additionally supply oxygen to pro-
liferating cells [24]. Neutrophils support monocyte
chemoattractant protein-1 (MCP-1) and chemokine
ligand 3 (CCL3, C-C motif ligand 3) synthesis-mediated
additional recruitment of macrophages and T lympho-
cytes to the injury focus [25]. During wound infection,
neutrophils through the release of carboanhydrase,
elimination of DAMP and MAMP alter the microenvi-
ronment, which also promotes healing processes [6].
After bacteria and necrotic tissue are removed, neutro-
phils undergo apoptosis or necrosis and are engulfed
by macrophages via efferocytosis [26, 27]. Some neu-
trophils leave the injured area and return to the cir-
culatory system by reverse migration. If neutrophils
are not eliminated from the injured area, secondary
necrosis develops with the release of pro-inflamma-
tory and cytotoxic molecules. Therefore, the number
and activity of these cells requires strict regulation,
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which is a challenge, especially in the chronic course
of severe trauma.

Recently, another mechanism of neutrophil in-
volvement in the resolution of inflammation during
tissue injury has been actively discussed [2, 28]. The re-
sponse in the form of migration to the inflammation
location in these cells is often switched from explor-
atory patrolling to coordinated formation of dense
clusters, so-called «swarming», which further disrupts
the architecture of the surrounding tissue [28]. The re-
sponse in the form of cell aggregation (their self-or-
ganisation) occurs as a result of signal transduction
by paracrine chemoattractants of neutrophils them-
selves and primarily the inflammatory mediator leukot-
riene B4 [LTB4]. The mechanism of neutrophil swarm
coordination is triggered in part by sustained calcium
flux from necrotic tissue, which requires perception
of a damage signal involving adenosine triphosphate
(ATP). This «calcium alarm» signal propagates rapid-
ly in the nascent neutrophil cluster in a contact-de-
pendent manner via connexin-43 (Cx43, connexin
43) half-channels, which mediate the active release
of ATP molecules. As a consequence, the biosynthe-
sis of chemoattractants in the growing cluster is en-
hanced, which promotes coordinated cell movement
and swarming. The regulatory mechanisms of swarm
growth limitation are implemented with the partic-
ipation of ROIs and possibly through modulation
of ion channel activity [29]. There may also be similar-
ities with neutrophil extracellular traps, the formation
of which is enhanced by ATP involvement and varies
with cell population density [30]. Similarly, with re-
spect to the resolution phase, it is not clear whether
monocytes or macrophages can resolve the recruit-
ment cascade into neutrophil swarms.

Macrophages

Infiltration of the injury focus by neutrophils
and monocytes occurs in response to the appearance
of chemoattractants, namely protein fragments of ex-
tracellular matrix (MCP-1) and inflammatory chemok-
ines (CXCL8, CCL2, CCL3, CCL4, CCL5, CCL11, CXCL10).
Monocytes differentiate into active macrophages,
which in turn synthesise cytokines and chemokines,
causing the subsequent mobilisation and recruitment
of lymphocytes into the wound bed with the devel-
opment of further intercellular communication (fig. 1)
[1]. In the meantime, resident macrophages near cap-
illaries in the focus of injury recognize signals of extra-
cellular matrix and start to express purine-producing
receptors on their surface, which promote the attrac-
tion of other cells [31]. Based on their different roles
in the healing process, macrophages can be roughly
divided into two types: inflammatory (type M1), tissue
utilising and remodelling (type M2) [32, 33]. M1-type
cells produce pro-inflammatory cytokines, have high
phagocytic activity, can engulf apoptotically altered
neutrophils and remove pathogens and dead cells,
whereas M2-type cells have anti-inflammatory effects
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and regulate angiogenesis, fibroblast regeneration,
myofibroblast differentiation and collagen production
[33]. The polarisation of macrophages into the M1 phe-
notype is influenced by interferon y (IFN-y), interleuk-
ins (IL-2, IL-3, IL-12), TNF-a, as well as by lipopolysac-
charides and agonists of Toll-like receptors (TLR) [33,
34]. These cells secrete pro-inflammatory interleukins
(IL-1B, IL-6, IL-12, IL-23), TNF-a, chemokines (C-X-C mo-
tif), their ligands (CXCL-9 and CXCL10) and participate
in inflammatory responses. Cytokines such as IL-4,
IL-10, IL-13, TGF-B and granulocyte-macrophage col-
ony-stimulating factor (GM-CSF) induce polarisation
of M2 macrophages, which secrete anti-inflammatory
molecules, promoting tissue regeneration [35].

In the early stages of injury, M1 macrophages
expressing high levels of receptors for lymphocyte
complex antigen 6 (Ly6c) and CC-chemokine 2 (CCR2)
are the main activated phenotype in the wound mi-
croenvironment. They act predominantly as phago-
cytes as they remove cell fragments and pathogens
and cleanse wounds of detritus. When large numbers
of apoptotic neutrophils are phagocytosed, these cells
can induce the transition of microenvironment com-
ponents from inflammatory to proliferative [36-38].
A prospective randomised study concerning the treat-
ment of second-degree deep burns with recombinant
GM-CSF revealed that an increase in the number of tis-
sue macrophages is associated with an enhanced lo-
cal immune response and accelerated healing [39].
Although M1 macrophages have strong antibacterial
activity, their persistence at the wound area may re-
sult in the secretion of matrix metalloproteinase 9
(MMP9) and tissue damage [40]. For this reason, time-
ly polarisation of macrophages of the M1 phenotype
into M2 is very important for accelerating the wound
healing process; it takes place with the participation
of T-helper type 2 (Th2) cytokines, apoptotic cells
and with the synergistic effects of nucleotides and ex-
tracellular matrix components [41].

New data regarding the mechanism of M1 mac-
rophage community formation in the wound bed are
of interest. Swarming of these nitric oxide (NO)-pro-
ducing cells may help prevent neutrophil accumulation
by blocking cellular respiration and reducing the AT-
P:ADP (adenosine diphosphate) ratio [42]. The coor-
dination of neutrophils resulting in their «<swarming»
in wounds (mentioned above) is protective, as it allows
the formation of «plugs» or physically isolates sterile
tissue from potential microbial invasion [43]. A com-
munity of tissue macrophages in «swarming» can ac-
tively «<mask» small tissue lesions and prevent the leak-
age of danger signals, such as ATP in particular, to deter
further tissue damage by clusters of neutrophils [44].
«Community»-type (quorum) reactions of neutrophils
and macrophages reflect the group behaviour of cells
and the synchronised response of the mammalian im-
mune system to tissue damage.

Conversely, M2 macrophages at the repair stage
produce cytokines that promote neutrophil apoptosis
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and switch from a pro-inflammatory (M1) to anti-in-
flammatory (M2) phenotype, while phagocytosing
the debris of dead cells. The mechanism of switching
from one phenotype to another has also been demon-
strated to involve the scavenger receptor class B1 and/
or under the control of exosomes, with the latter pro-
moting skin wound healing by enhancing angiogene-
sis, re-epithelialisation and collagen formation [45, 46].
In addition to phagocytic functions, M2 phenotype
macrophages participate in the regeneration process
by actively synthesising TGF-f3 and PDGF, which influ-
ence the formation of granulation tissue [37]. M2 phe-
notype macrophages are responsible for the formation
of new extracellular matrix with fibroblast activation
and blood vessel formation. Activated fibroblasts se-
crete IL-1 and insulin-like growth factor (IGF-1), which
participate in the initiation of the proliferative phase.
Thus, macrophages play a crucial role in tissue regen-
eration through phenotypic polarisation and are in-
volved in almost all its stages.

Mast cells (MS) originate from bone marrow
and are located around blood vessels in the dermis,
peripheral nerves, sebaceous and sweat glands [47].
They are key effectors of allergic reactions and deter-
mine the body’s resistance to bacterial invasion. Upon
tissue injury, activated MSs release pre- or de novo syn-
thesised mediators such as histamine, serotonin, chy-
motrypsin, elastase and trypsin from secretory gran-
ules into the inflammatory microenvironment [47].
Histamine promotes skin wound healing by increasing
the expression of basic fibroblast growth factor (bFGF)
to attract macrophages and stimulate angiogenesis
during inflammation [48]. The combination of trypsin
with protease-activated receptors 2 (PAR2) of vascu-
lar endothelial cells causes telangiectasia and medi-
ates neutrophil infiltration of the injured area [49]. In-
flammatory mediators such as TNF-a, MMP-2 and IL-8
synthesised by MS influence neutrophil recruitment
and macrophage activation [50]. The presence of ex-
cessive MS, however, can interfere with wound healing.
Specifically, in type 2 diabetes mellitus, high expression
of the MS receptor to IL-3 causes chronic inflammation
of the skin, and prolonged activation of these cells
promotes fibrosis [51]. MS also influence the prolifera-
tion stage, especially the formation of abundant gran-
ulation tissue (e.g., keloids and hypertrophic scars),
angiogenesis, stimulate wound re-epithelialisation
and the transition from acute to chronic inflammation
[47]. It is noteworthy that different microenvironmen-
tal stimuli of the injury focus can lead to functional
differences in MS, which allows us to distinguish phe-
notypes of actively producing anti-inflammatory me-
diators, secreting mediators without degranulation
and degranulating mastocytes [52].

In the late stages of healing, growth factors and cy-
tokines synthesised by MS affect the phenotype of fi-
broblasts, inducing the emergence of myofibroblasts
that provide the transition from fibroplasia to con-
traction and final wound healing [53]. During tissue



remodelling, these cells can activate collagen syn-
thesis by fibroblasts, which may be associated in part
with tryptase, which has been demonstrated on hu-
man dermal fibroblasts to stimulate type | collagen
synthesis [50]. In contrast, MSs produce and release
potent proteolytic enzymes such as matrix metallo-
proteinases, initiating the degradation of the extra-
cellular matrix. It has also been found that inhibition
of histamine synthesis by MS reduces the content
of hydroxyproline in granulation tissue and delays
wound epithelialisation [50, 52].

Dendritic cells (DCs)

When soft tissue, particularly skin, is injured, var-
ious DC phenotypes are recruited to the injury focus,
including epidermal Langerhans cells (ECs), dermal
and plasmacytoid DCs. Dendritic cells attach to neigh-
bouring keratinocytes using adhesion molecules,
or E-cadherins; they are capable of self-renewal, and ex-
posure to inflammatory stimuli enhances their migra-
tion and proliferation (fig 1) [54]. The formation by DC
of long and complex dendritic structures between
keratinocytes contributes to their rapid response
to tissue damage [55]. Despite the fact that the partic-
ipation of DCs in the processes of healing and regen-
eration of soft tissues remains a subject of study, their
important role in the process of the foreign substance
recognition, modulation of macrophage homeosta-
sis and immunoregulation of regeneration process-
es has been revealed. In diabetic foot ulcers, healing
improves with increasing amounts of DCs, indicat-
ing their positive effect over the microenvironment
in the inflammatory focus [56]. Significantly accelerat-
ed healing of pressure sores in patients with high DC
content in the marginal epidermis of the wound when
combined with the use of drugs containing zinc [57].
DC subtypes such as CD141* stimulate CD8+ T-cell im-
munity by secreting IL-12 and promote differentiation
of type 1 T-helper cells [54, 55, 58]. The CD1C-posi-
tive DC subtype presents antigens to CD4* cytotoxic
T-cells. Furthermore, resident DCs in the injury focus
express Toll-like receptors (TLR-7 and TLR-9) and in-
duce an early inflammatory response [4]; the absence
of these cells in the microenvironment negatively af-
fects acute inflammatory responses and delays wound
healing [58]. A burn wound model in DC-deficient mice
showed a significant delay in the healing process as-
sociated with inhibition of early cell proliferation, low
levels of TGF-B1 and neoangiogenesis in the wound
beds. The essential role of DC in accelerating wound
healing has thus been revealed, which is probably re-
lated to the secretion of factors that activate cell prolif-
eration. With the development of single cell sequenc-
ing, additional opportunities are opening up to study
the origin of DCs, their development, and their involve-
ment in reparative regeneration processes in the skin.

NK cells are recruited to the focus of injury
and are able to secrete immune response effectors.
The key functions of these cells comprise identification
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of foreign, virus-infected and metabolically altered cells
and induction of their apoptosis or lysis [59]. Activated
cytotoxic NK cells cause lysis of target cells, including
secreting death-inducing cytokines [59]. The interac-
tion between NK cells and MSCs during regeneration
has recently become an important area of studies. Un-
differentiated MSCs suppress proliferation, cytokine
release and cytotoxicity of NK cells, and under appro-
priate conditions can maintain and enhance their re-
generative functions, in particular influencing neoan-
giogenesis and proliferation [60].

T lymphocytes

A subpopulation of regulatory T-cells (Treg) main-
tains the body’s immune tolerance and inhibits the ac-
tivity of potentially autoreactive T-cells, modulating
the immune response and preventing autoimmune
diseases. These cells also have many non-immune
functions, including regulation of stem and progenitor
cell activity. Tregs appear to be key cells in tissue repair
and regeneration (fig. 1). It was revealed that the in-
creased content of IL-33 synthesised by Treg influences
the regulation of differentiation of fibroblast and ad-
ipocyte progenitor cells, and the decreased content
of this cytokine is the main cause of unsuccessful tis-
sue regeneration in ageing mice [61]. The presence
of Treg cells in soft tissues is associated with increased
regeneration rate, increased immune tolerance and in-
duction of proliferation of resident T-cells in tissues
through increased amphiregulin synthesis, resulting
in an immunosuppressive microenvironment [62].
Stimulation of regeneration by Tyd cells also through
association with stem cells is not excluded [63]. Their
participation in wound healing was demonstrated
on the basis of the dynamics of the content of regen-
eration activators synthesised by them. [64]. Other
types of T-cells, such as cytotoxic (CD8") and T-helper
(CD4") cells, are also important activators of soft tissue
regeneration. The peak content of CD4- and CD8-pos-
itive T-cells in the wound bed of the skin on days 5-10
and 7-10 after injury has been revealed and it has
been demonstrated that these cells may play differ-
ent regulatory roles [65]. T-helpers accompany the en-
hancement of regenerative processes in wounds, while
cytotoxic T-lymphocytes are associated with impaired
healing [66]. T-cells mediate regulation of the regener-
ation process through the release of a wide range of cy-
tokines affecting both macrophages and fibroblasts.

Stem cells (MSC)

MSCs are also involved in the soft tissue regen-
eration process, affecting the wound microenviron-
ment and regulating immune-inflammatory responses
(fig. 1). At the moment, stem cell therapy is of particular
interest in regenerative medicine [67]. MSC are tropho-
blasts that are found in virtually all tissues of the body
to maintain a pool of many cell types including hae-
matopoietic, epithelial, tumour, nerve, hepatocytes
and endothelial cells. The unique features of MSC
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include the ability to self-renew with asymmetric di-
vision and multidirectional differentiation and deter-
mine the modulation of tissue metabolism and regen-
eration, including through interaction with immune
cells. While over-reactivity of innate immune cells
during inflammation impairs tissue regeneration,
MSCs fulfil an immunomodulatory role by producing
various regulatory cytokines such as interleukins (IL-4,
IL-7, 1L-10), IFN-y and prostaglandin E2 (PGE2) [68].

Signal transduction involving molecular media-
tors. One of the most important intercellular signals
includes the regulation of stem cell activity during soft
tissue regeneration using the N-terminal Janus kinase
c-Jun (JNK) [69]. JNK mediates intracellular stem cell
responses to stimuli from the extracellular microenvi-
ronment. JNK function is required to achieve a delicate
balance between stem cell death and survival and pro-
motes soft tissue repair and remodelling. Transplanta-
tion of preconditioned stem cells enhances soft tissue
regeneration by a balanced antioxidant defence mech-
anism through activation of JNK signalling [70]. Signal
transduction via JNK plays a critical role in the regula-
tion of MSC differentiation into keratinocytes and pro-
motes tissue regeneration.

The phosphatidylinositol-3-kinase, a-serine-thre-
onine and serine-threonine protein kinase signalling
pathway (PI3K/Akt/mTOR) is the mammalian target
of rapamycin (mTOR) [71]. Phosphorylation of the ami-
no acids tryptophan (Tr308) and serine (Ser473) con-
verts Akt to an activated form that controls a multi-
tude of cellular regulatory processes, including cell
survival and cellular metabolism. The extracellular
matrix provides protective mechanisms for the in-
duction of stem cell differentiation by aberrant mTOR
activation. Strategies targeting indirect mTOR acti-
vation can be used to enhance epithelial cell migra-
tion into damaged areas and accelerate soft tissue
regeneration.

In soft tissue homeostasis and regeneration,
Wnt/B-catenin, a signalling pathway that is involved
in the regulation of tissue homeostasis by controlling
cell proliferation, differentiation and apoptosis, has at-
tracted the attention of researchers in recent decades.
This extracellular signal transduction pathway has
been implicated in the regulation of stem cell func-
tion and tissue repair, as well as in the progression
of chronic inflammatory diseases [72]. Within the nu-
cleus, B-catenin binds to T-cell transcription factor en-
hancers, thereby promoting transcription of specific
genes and specific transduction of Wnt/B-catenin.
Activation of the B-catenin-dependent pathway en-
hances the proliferation and function of epithelial
and mesenchymal stem cells, promoting soft tissue re-
generation [73]. Selective enhancement of Wnt/B-cat-
enin signal transduction may be an effective strat-
egy for the induction of soft tissue regeneration.
Furthermore, from a therapeutic point of view, the role
of nuclear factor erythroid 2-related factor-2 associat-
ed protein (Nrf2), which is a major mediator of redox
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homeostasis, has been discussed in soft tissue regen-
eration. This factor is expressed in a wide range of cells
including stem cells, endothelial cells and fibroblasts.
In damaged tissues, excess ROIs suppresses stem cell
proliferation, stimulates apoptosis and impairs re-
generation [74]. The activation of the antioxidant de-
fence system in keratinocytes shows the important
role of the factor Nrf2 in preventing the accumulation
of ROIs; in its deficiency, epithelial wound healing
is prolonged. While this evidence suggests an import-
ant role for Nrf2 signal transduction during soft tissue
repair and regeneration, more studies are required
to understand the function of Nrf2 in this process.

Extracellular vesicles in the immunomodulation
of tissue regeneration

Regeneration after injury requires two main condi-
tions: the formation of a pro-inflammatory microenvi-
ronment to neutralise the injury and remove necrotised
tissue and an anti-inflammatory microenvironment,
with conditions for tissue regeneration through mi-
gration, proliferation and differentiation of different
cell types, increased vascularisation and nutrient sup-
ply. A correlation between the increase in the num-
ber of small extracellular vesicles (sEVs), which con-
tain various bioactive molecules, including cytokines,
lipids and nucleic acids and exert paracrine effects,
and the activity of cell proliferation and migration
processes in the damaged tissue has been evidenced
[75]. Nanoscale extracellular vesicles are involved
in the regulation of intercellular communications
during microenvironment formation and have attract-
ed the attention of researchers as a promising cell-free
therapeutic strategy. The MSC therapeutic activity
is provided by the production of extracellular vesicles,
influence on the proliferation and functional activity
of cells of the microenvironment, creation of a favour-
able immune microenvironment in the focus of dam-
age and enhancement of tissue regeneration [75, 76].
A study in a collagen-induced arthritis model revealed
that sEVs MSC effectively inhibited IL-17A and stim-
ulated IL-10, reducing the frequency and intensity
of bone erosions, and may be a promising new cell-
free therapy strategy in the treatment of rheumatoid
arthritis. Small extracellular vesicles derived from hu-
man bone marrow-derived MSCs significantly reduce
the expression of pro-inflammatory genes.

CONCLUSION

Tissue damage and regeneration depend
on the severity of the body’s defence response involv-
ing cells of innate immunity and their active compo-
nents, which is crucial for successful recovery. Spa-
tial and temporal regulation of the functional state
of immune cells involving the extracellular matrix
and tissue-specific cells, including stem cells, is essen-
tial for the successful outcome of tissue regeneration.



A thorough understanding of immunomodulatory
and pro-regenerative activators and their multiple
functions is crucial, in particular for their successful
application as therapeutic agents in developing strat-
egies to stimulate tissue regeneration. Additional data
are required for such developments, for example, if we
consider macrophages of the M2 phenotype as a tar-
get, excessive activation and infiltration of the lesion
focus by these cells do not contribute to tissue resis-
tance to foreign pathogens and may impair the process
of tissue healing. The mechanisms underlying this dual
function are not well understood. Other immune cells,
such as DC subpopulations, which have different ef-
fects on tissue regeneration depending on their func-
tional state, or T lymphocyte populations, have similar
effects. Cytotoxic CD8* T-cells have unfavourable ef-
fects towards tissue regeneration, whereas T-helpers
(CD4*) and Treg, to the contrary, enhance this process.
The use of research technologies to study the mecha-
nisms of coordination and functioning of various sub-
populations of immune cells, in particular, sequenc-
ing of individual cells, will allow to clarify the degree
of their participation in the mechanism of regulation
of the microenvironment during tissue regeneration.
Since the functioning of the immune system gradu-
ally decreases with age, there is a need to investigate
in the elderly the relationship between the decreased
ability of soft tissues to regenerate and the character-
istics of their defence response. Such data may have
implications for improving tissue repair with the in-
volvement of targeted therapies.
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FEATURES OF NEUROVEGETATIVE AND HUMORAL REGULATION OF COGNITIVE
ACTIVITY IN ADOLESCENTS WHEN USING ELECTRONIC DEVICES

Adamovskaya O.N., ABSTRACT
Ermakovall.V,,
Dogadkina S.B. Background. Studying the functional state of the body of adolescents when they pre-

form cognitive activity using electronic devices is of great importance due to the intro-
duction of information and computer technologies into the educational process. Identi-
fying the characteristics of the reactivity of students’ bodies when performing cognitive
activities in a digital environment will contribute to both optimization of learning
and health protection.

The aim of the study. To study the autonomic regulation of heart rate, electrodermal
activity, cerebral circulation and the level of cortisol in saliva when adolescents performed
a cognitive test on electronic devices (tablet, laptop) and on paper-based media.
Materials and methods. Using analysis of heart rate variability, electrodermal ac-
tivity, rheoencephalography and enzyme-linked immunosorbent determination
of cortisol in saliva, we examined 48 adolescents while performing a cognitive activity
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culation. Cognitive activity in a digital environment causes an increase in sympathet-
ic effect on the heart rate with a decrease in parasympathetic activity, an increase
in the integrative indicator of galvanic skin response, in vascular tone and a decrease
in the cerebral blood flow intensity. One in four adolescents experiences anticipa-
tory stimulation of the endocrine system before taking a cognitive test. Correlation
analysis revealed a large number of correlations between the studied indicators both
in the initial state and during cognitive activity.

Conclusion. A large number of correlations, both in the initial state and during
the cognitive test, between heart rate variability and cortisol concentration, cerebral
circulation parameters indicate the preservation of a rigid system of neurovegeta-
tive and humoral regulation of heart rate when using electronic devices compared
to paper-based media.
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PE3IOME

AKkmyanbHocme. Vi3yyeHue yHKYUOHAIbHO20 COCMOSHUS OP2aHU3MAd NOOPOCMKO8
npu KoeHUMuUBHOU desmesibHOCMU C UCNOJ/Ib308aHUEM 3/1eKMPOHHbIX ycmpolcme
npuobpemaem 60/bUWIOe 3HaYeHUe U3-3a 8HEOPeHUs 8 06pazosamesibHbIli hpouecc
UHpOPMAaYUOHHO-KOMNbIoMepHbiX mexHosio2ull. BuiseneHue ocobeHHocmeli pedk-
mueHOCMU 0Op2aHU3Ma oby4arWuxca NpU 8bINOJIHEHUU KO2HUMUBHOU Oesmerib-
Hocmu 8 yugposoli cpede bydem cnocobcmeosame Kak onmumu3ayuu obyyeHus,
mak u 300po8becbepexxeHuro.

Lleno uccnedoeaHus. V3yyums 8ecemamusHy0 pe2yiiayuio cepOeyHo20 pummd,
3/71eKMpOo0epMAasibHyto dKmU8HOCMb, M032080€ Kp08oobpalyeHue U ypogeHb Kopmu-
30/10 8 CJII0HE NPU 8bINOJTHEHUU NOOPOCMKAMU KOZHUMUBHO20 Mecma HA 371eKMpPOH-
HbIX ycmpoulicmeax (nnaHwem, HoymoOyk) u 6yMaxHoOM Hocumerne.

Mamepuanel u memoOel. Memodamu aHanu3sa edapuabesbHOCMU cepoOeyHO20 puMMG,
371eKmpo0epMasibHol AKMUBHOCMU, peo3HUegasioepdguu U UMMYHO-(epMeHMHOo20
onpedesieHuUs KOpmu3071d 8 CJIloHe 06¢1e008aHO 48 NOOPOCMKOB8 NPU 8bINOJIHEHUU Koe-
HUMUBHOU HA2Py3KU HA 3/IEKMPOHHbIX yCmMpoUucmaax.

Pe3ynomamel. [1pu 8bIN0/IHEHUU NOOPOCMKAMU KO2ZHUMUBHOU HA2py3KU HA 371eKMpPOH-
HbIx ycmpoticmaax hpoucxooum usmMeHeHue nokazameriel eapuabesibHoCmMu cepOeyHo-
20 pUMMGa, 371eKMpo0epMasabHOl GKMUBHOCMU U M03208020 Kpo8oobpaujeHus. KoeHu-
mueHas 0essmesibHOCMb 8 UUposoU cpede 8bi3bisaem pocm CUMNAMUYECKUX 8/TUAHUL
Ha cepOeyHbili puMM NpU CHUXeHUU NapacuMnamudyeckol dKmueHOCMU, yeesiuyeHue
UHMe2PamugHo20 NOKA3amesis KOXHO-2a/1b8aHUYeCKol peakyuu, nosbilueHue MoHy-
€a cocy008 U CHUXeHUe UHMEeHCUBHOCMU M03208020 KpOBOMOKd. Kaxobiti uemeépmoili
Nnodpocmok ucnsimeisdem ynpexoaroujee 8036yx0eHue S3HOOKpUHHOU cucmembl neped
8bINOJTHEHUEM KO2HUMUBHO20 mecma. KoppensayuoHHbIl aHanu3 ebissus 60/buioe Ko-
JIU4eCMae0 KoppesyUuoHHbIX ces3eli Mexdy UsydaemMbIiMu NoKAazamessmu KaK 8 UCXo0-
HOM COCMOSHUU, MAK U 8 X00e Ko2HUMUBHOU 0essmesibHOCMU.

3aknrydeHue. bosbloe KOIUYECMBO KOPPEensaYUOHHbIX cefizell KAk 8 UCXOOHOM CO-
CMOAHUU, MAK U Npu 8bINOJIHEHUU KO2ZHUMUBHO20 mecma Mexoy nokazamessamu ed-
puabenbHOCMu cepleyH020 pumMa u KoHUeHmpayuel Kopmus3osd, napamempamu
M03208020 KpoB0OOpaujeHUs caudemesibcmeayem o COXpaHeHUU XEcmkoul cucmemel
HeliposezemamugHoOU U 2yMopasibHOU pe2ynayuu cepdeyHo20 pumma npu Uucnosis3o-
8AHUU 371EKMPOHHbIX yCMpoUcma No cpagHeHUIo ¢ BYMAXXHbIM HOCUMesem.

Knioueswle cnoea: noapochu, KO2HUMUBHAA Haepy3Kda, sapua6eanocmb cepaequeo
pumma, 3neKmpoaepmaanaﬂ aKmueHOCMb, M032080€ Kpoeoo6pau4€Hue, Kopmu3on

Ona untupoBaHua: Anamosckas O.H., Epmakosa W.B., JoragkuHa C.b. OcobeHHOCTN
HelpoBEereTaTUBHOM U FyMOPanbHOW Perynauum KOrHUTUBHOW AeATeNbHOCTU Y nofa-
POCTKOB MNPV NCMOJIb30BAHMM 3NEKTPOHHbIX YCTPOWCTB. Acta biomedica scientifica. 2024;
9(1): 85-95. doi: 10.29413/ABS.2024-9.1.9
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INTRODUCTION

At the moment (in 2019-2024), the Russian Minis-
try of Education is implementing a federal project «Digi-
tal Educational Environment» aimed at creating a digital
educational environment, under which digital services
and content for educational activities are being developed
and introduced, which implies the active use of electronic
devices (ED) in the education of children and adolescents.
No doubt, the use of electronic devices in the educational
process, on the one hand, will increase the interest, moti-
vation and independence of students [1], but on the other
hand, it can have a potentially negative impact on the func-
tional state of the body: forced working posture, tension
of the muscles of the neck, upper shoulder girdle, back [2,
3], heavy load on vision [4, 5], increased intensity of men-
tal activity, fatigue [6]; i.e., the use of electronic learning
tools for the body of schoolchildren will be physiologically
challenging. There is a known fact that mental load causes
changes in the activity of the nervous autonomic and en-
docrine systems [7, 8]. There is practically no information
about neurovegetative and humoral regulation of cog-
nitive activity in adolescents when working by means
of electronic devices.

THE AIM OF THE STUDY

To study autonomic regulation of heart rate, electro-
dermal activity, cerebral blood flow and cortisol levels
in saliva when adolescents perform a cognitive test using
electronic devices (tablet, laptop) and paper-based media.

MATERIALS AND METHODS

The study was conducted in 2022 at one general
educational organisation in Moscow; 48 students (26
boys, 22 girls) of 7t grades (13-14 years old; average age
13.83 +0.11 years) took part in it. The study was conducted
in the first half of the day (from 9.00 to 14.00), at the time
of the greatest activity of physiological functions. Exclu-
sion criteria were acute infectious disease or exacerba-
tion of chronic disease. Prior to the survey, the parents
of the participants gave written informed consent for their
children to participate in the study.

In order to assess heart rate variability (HRV), electrocar-
diogram (ECG) was recorded using a computer cardiograph
«Poly-Spectr-8/E» (Neurosoft, Ivanovo). ECG was recorded
in the sitting position, before cognitive task presentation
(baseline) and at the 15-5%, 6"—10" and 11"-15™ minutes
of test performance (load). Cardiointervalograms were
studied by methods of HRV temporal and spectral analysis
to assess the state of the autonomic nervous system.

To assess HRV, we used temporal indices (nor-
mal-to-normal RR intervals (RRNN), ms; standard devia-
tion of NN intervals (SDNN), ms; root mean square of suc-
cessive RR interval differences (RMSSD), ms; proportion
of NN intervals differing by more than 50 ms (pNN50), %)
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and spectral (total power (TP), ms? high frequency (HF),
low frequency (LF) and very low frequency (VLF) oscilla-
tions, ms?) analyses. The LF/HF ratio was used to assess
the balance of the autonomic nervous system (ANS)
(the ratio of sympathetic and parasympathetic influences)
[9]. Heart rate variability was assessed at 3 stages of test
performance (1-5 min, 6-10 min, and 11-15 min of test
performance).

The galvanic skin response (GSR) was assessed us-
ing the Dianel-5120 hardware and software system (Nelian
CIT LLC, Moscow), recording the electrocutaneous con-
ductance on the terminal phalanges of the 4" and 5% fin-
gers of the right and left hands at baseline and for 15 min
during the cognitive task on electronic devices and pa-
per-based media. Galvanic skin response is an objective
indicator of the level of activity of the sympathetic section
of the autonomic nervous system.

Cerebral blood flow was studied by rheoencepha-
lography (REG) in bifrontal (F-F) leads using the device
«Rheo-Spectrum» (Neurosoft, Ivanovo). The cerebral blood
flow was assessed by the following indices: a/T (%) — the ra-
tio of the period duration of the ascending part of the wave
(s) to the duration of the whole rheowave (T, s); di (%) — di-
crotic index; AFR (c.u.) - amplitude-frequency ratio, which
reflects blood flow per unit time.

The response of the endocrine system of the train-
ees to a cognitive task performed using various electronic
devices and paper-based media was assessed by the con-
centration of cortisol in unstimulated saliva, which was col-
lected in plastic disposable tubes before and after the test.
Saliva samples were stored in a freezer at -20 °C until
analysis. Optical density and hormone concentration val-
ues were determined using a reagent kit from DRG (USA)
in StatFax 2100 enzyme immunoassay analyser (Aware-
ness Technology, USA) and expressed in ng/mL. All analy-
ses were performed according to the protocol of the kits,
controls were within accepted limits.

During the study, students performed the Anfimov ta-
ble test using different electronic devices: HP RTL8723BE
laptop (HP Inc., USA) (15.6 inch screen, 1366 x 768 pix-
els resolution, LED backlighting with LED technolo-
gy) and iPad 3 tablet (Apple Inc., USA) (9.8 inch screen,
2048 x 1536 pixels resolution at 264 ppi, LED backlighting
with IPS technology).

“The Anfimov’s tables” test is a task that assesses men-
tal performance and is used to assess the stability, distri-
bution and switching of attention in children and adoles-
cents. The test consisted of the following: on the screen
of an electronic device, the test subject was presented
with a letter table, looking through it from left to right,
it was necessary to find the letter highlighted in co-
lour at the beginning of the line, marking with the help
of certain keyboard keys or pressing the touch screen
with a finger. The time to complete the task was 15 min-
utes. The control was the performance of “the Anfimov’s
tables” test on paper-based media, in which the subjects
consistently found a letter and crossed it out with a pencil/
pen. The letters to be marked during the test were given
at the beginning of each line.

Morphology, physiology and pathophysiology



ACTA BIOMEDICA SCIENTIFICA, 2024,Vol. 9, N 1

All adolescents completed a 15-minute “the Anfi-
mov’s tables” cognitive task on ED (tablet, laptop) and pa-
per-based media (one trial per day). ECG, REG and GSR
were recorded before (baseline) and during the 15-min-
ute task. Saliva was collected before and after testing.

Statistical processing of the obtained data was per-
formed using SPSS 26 computer programme package
(IBM Corp., USA). Since the vast majority of the studied
indicators did not have normal distribution, we used
methods of nonparametric statistics with calculation
of median (Me), lower (Q1) and upper (Q3) quartiles.
Pairwise comparison of paired samples was performed
using the Wilcoxon test, for comparison of independent
samples the Kraskell-Wallis test and the Mann-Whitney
test were used. The closeness of statistical relationship
between the indicators was assessed using correlation
analysis (Spearman’s coefficient). Differences were con-
sidered statistically significant at p < 0.05.

The study of adolescents was performed in accor-
dance with the decision of the Bioethics Committee
of the Institute of Age Physiology of the Russian Acade-
my of Education (Minutes No. 1 dated February 17, 2023).

RESULTS

Statistical analysis revealed no differences in the stud-
ied indicators of both the response of the autonomic ner-
vous and endocrine systems, cerebral blood flow at baseline,
and the response to cognitive load (the Anfimov’s proofread-
ing test) performed by boys and girls on a laptop and tablet,
so the results of the studies were combined into one group
— electronic devices, and were not separated by «gender».

The results of our study showed that the intensity
of mental performance (N), i.e,, the total number of charac-
ters viewed when performing the test on electronic devices
and paper-based media, was not statistically significantly dif-
ferent (p = 0.652) (Fig. 1). However, the total number of letters
crossed out (M) and correctly selected (S) was 1.5 times great-
er on paper-based media than on ED (p = 0.0001) (Fig. 2).

When analysing the calculated indicators of mental
performance, it was revealed that the value of such indi-
cators as attention concentration (K, %), mental produc-
tivity coefficient (E, characters) and mental performance
(Au, characters/s) were 1.7-2.0 times higher when work-
ing on paper-based media than on ED (p = 0.0001) (Fig. 3).
Meanwhile, no statistically significant differences were
found between ED and paper-based media in a number
of indicators such as attention stability (Ku, c.u.), volume
and speed of visual information processing (V and Q, char-
acters) (p = 0.565-0.652).

Therefore, despite the fact that the intensity of mental
performance when working on ED and paper-based me-
dia was almost the same, the qualitative indicators were
higher on paper as a more familiar medium.

It should be noted that the most pronounced changes
in time and frequency indices of heart rate variability were
observed from the 11t to the 15™ minute of work with An-
fimov’s tables regardless of the medium.

4000
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BED
H PBM

FIG. 1.

Indicators of mental performance presented as median: PBM -
paper-based media; N - total number of letters viewed (charac-
ters); E - mental productivity coefficient (characters); V - volume
of visual information processing

500
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WED

200 = PBM
100

0
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FIG. 2.

Indicators of mental performance presented as median: PBM -
paper-based media; M - number of crossed out letters (charac-
ters); S - number of correctly selected letters (characters); Ku -
stability of attention concentration (c.u.)

BED
= PBM

LA
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FIG. 3.

Indicators of mental performance presented as median: PBM
- paper-based media; T3 - accuracy (c.u.); Au - mental perfor-
mance (characters/s); Q - speed of visual information processing
(characters)
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Performance of the cognitive task on electronic de-
vices in 7! grade students resulted in statistically signifi-
cant decrease in total heart rate variability (decrease in TR,
RRNN, SDNN values), a pronounced decrease in the ac-
tivity of the parasympathetic part of the ANS (decrease
in HF nu, HF% values) and a shift in the activity of the au-
tonomic nervous system towards increased sympathet-
ic influences (increase in LF nu, LF% and LF/HF values).
HRV fluctuations in the range of VLF-spectrum reflecting
neurohumoral and metabolic level of regulation did not
change statistically significantly (Table 1).

During the cognitive paper-based media test in ado-
lescents, there was an increase in low-frequency oscilla-
tions and increased sympathetic activity at the 11t-15%
minute of the test (increased LF nu, LF% and LF/HF values).

GSR is used as an objective marker to assess sym-
pathetic activation of the ANS during cognitive load.
During ED work (Fig. 4a), statistically significant dy-
namics of changes in the amplitude (AM, pA) and inte-
grative index of GSR activity (CA, cNp/min) of the left

TABLE 1

arm at the 11*"-15" minute of cognitive load compared
to baseline were revealed (p = 0.023 and p = 0.015, re-
spectively). During paper-based media work (Fig. 46),
there was a statistically significant increase only in the in-
tegrative index of GSR activity (CA, sNp/min) of the left
hand (p = 0.017); the amplitude value (AM, pA) at base-
line and after cognitive load did not change statistically
significantly (p = 0.087).

The results of the study of cerebral blood flow when
performing the cognitive task using ED and paper-based
media (Table 2) revealed that all adolescents, regardless
of the type of medium, showed an increase in vascular
tonein the frontal leads (A_art.,, Ohm) and a decrease in ce-
rebral blood flow intensity in the frontal leads (ACF, c.u.).

The study of the functional state of the adrenal cortex
in adolescents in the whole group by the level of cortisol
in saliva has revealed that the performance of the cog-
nitive task using ED and paper-based media was not ac-
companied by a statistically significant change in cortisol
concentration (p =0.537 and p = 0.311, respectively).

DYNAMICS OF HEART RATE VARIABILITY INDICES WHEN PERFORMING A COGNITIVE TEST ON ELECTRONIC

DEVICES AND PAPER-BASED MEDIA

Electronic devices, Me (Q1; Q3)

Paper-based media, Me (Q1; Q3)

Indices
initial state 11-15 min.

HR, bpm 85.40 (80.00-96.30) 91.80 (85.15-100.65)
e i 31 74282(21)(;8.5— 22013.(2)5(229)2.0—
VLF, ms? 981.0 (469.5-1465.0)  812.0(553.5-1079.5)
HF, ms? 640.0 (421.5-1116.5) 343.0 (202.0-591.0)
LF, ms? 995.0 (577.0-1487.0)  841.0(599.0-1435.5)
HF nu 40.6 (26.90-50.70) 29.0 (16.75-41.05)
LF nu 59.4 (49.30-73.10) 71.0 (58.95-83.25)
LF/HF, c. u. 1.46 (0.97-2.72) 2.44(1.43-4.96)
VLF% 33.8 (26.50-42.55) 37.4(31.15-43.55)
HF% 27.5(16.35-31.95) 16.6 (9.85-23.55)
LF% 37.9 (29.90-45.45) 45.6 (34.30-51.05)
SDNN, ms 57.0 (42.5-64.0) 45.0 (40.0-55.5)
RMSSD, ms 40.0 (27.0-49.5) 30.0 (21.0-40.0)
PNN50, % 15.7 (4.30-30.8) 6.10 (2.20-17.75)
CV,c.u. 8.00 (6.65-9.10) 7.26 (5.87-8.56)

Note. p - statistically significant differences between baseline and load.

va7ue initial state 11-15 min. va,;ue
0.001 82.10 (80.30-94.55) 95.00 (86.95-98.55) 0.001
0.010 25903.(8)6(1.856)2.5— 1832;())25505.0— 0.294
0.100 963.0 (586.5-1490.5)  739.0 (470.5-1332.5)  0.064
0.000 642.0(166.5-1050.0) 276.0 (166.0-425.0)  0.133
0.406  1005.0 (644.0-1242.0) 791.0(579.5-1428.0) 0.753
0.000 36.40 (25.40-49.90) 29.2 (20.05-33.00) 0.009
0.000 63.6 (50.10-74.60) 70.8 (67.00-79.95) 0.009
0.000 1.75(1.02-2.94) 2.43 (2.04-4.08) 0.033
0.532 42.2 (33.40-49.55) 39.5 (31.60-44.15) 0.421
0.001 22.7 (13.20-31.80) 18.1(11.30-21.20) 0.196
0.030 36.1(27.80-42.20) 43.1 (36.40-50.25) 0.039
0.008 50.0 (43.50-64.50) 43.0 (37.00-54.50) 0.135
0.002 37.0 (23.50-52.00) 25.0 (20.50-35.50) 0.126
0.003 37.0 (23.50-52.00) 5.00 (1.85-11.50) 0.001
0.056 7.30(6.31-8.39) 6.49 (5.93-8.36) 0.507
89

Morphology, physiology and pathophysiology



ACTA BIOMEDICA SCIENTIFICA, 2024,Vol. 9, N 1

*

30 520

25 /* 510

E 2 500

490
3 15 E
‘Z{ 0 480 <§(‘

6 470

5 460

0 450

initial state load
EEECA, cNp/min - =O=AM, pA
a
FIG. 4.

30 450
*
25 440
[ =4
£ 20
£ 430 <
Z 15 3
::1 420 <§(
U 10
5 410
0 400
initial state load

mEmmCA, cNp/min =O=AM, HA

b

Indices of cutaneous galvanic response at baseline and while performing cognitive load using electronic devices (a) and paper-based
media (b): * - differences are statistically significant at p < 0.05 compared to the baseline state

At the same time, individual analyses of cortisol dy-
namics allowed to reveal two types of response: Type |
(60 % of adolescents) — increase in the level of the hor-
mone (by 11 % when performing the ED load, 17 % -
when performing on paper-based media); Type Il (40 %
of adolescents) — decrease in the level of cortisol (by 17 %
when performing the ED load, 10 % — when performing
on paper-based media) (Fig. 5).

Figures 6-8 represent the data of correlation analy-
sis of heart rate variability, cerebral blood flow, cortisol
level and mental performance during the cognitive task
performed on ED and paper-based media. Before work-
ing on electronic devices, a greater number of correla-
tions between heart rate variability indices, on the one
hand, and cerebral blood flow indices and cortisol level,
on the other hand, compared to the initial state before
working on paper-based media (Fig. 6). The most signifi-
cant correlations were observed between the total power
spectrum (TP, ms?) and its components (HF, LF, VLF, ms?)
with cerebral blood flow (AFR, c.u.) (r = -0.392-0.410;
p < 0.05) and small calibre vascular tone (di, %) (r=0.419-
0.703; p < 0.05-0.01).

TABLE 2

20
15
10

-5
-10
-15

ED PBM
mK31 mK32

FIG. 5.

Dynamics of cortisol concentration increase depending on the type
of reaction to the cognitive task performed on electronic devices
and paper: PBM - paper-based media; K31 — I type of reaction; K32
— Il type of reaction to the cognitive task

DYNAMICS OF CEREBRAL BLOOD FLOW INDICES DURING COGNITIVE TASK PERFORMANCE USING

ELECTRONIC DEVICES AND PAPER-BASED MEDIA

Electronic devices, Me (Q1; Q3)

Paper-based media, Me (Q1; Q3)

Indices
initial state 11-15 min. p initial state 11-15 min. p
value value
A_art, Ohm (FF1) 0.18 (0.15-0.22) 0.13(0.11-0.17) 0.000 0.15(0.13-0.19) 0.10 (0.09-0.12) 0.023
AFR, c.u. (FF1) 2.63(2.10-2.95) 2.10(1.82-2.43) 0.000 2.38(1.90-2.61) 1.65 (1.39-1.92) 0.002

Note. p - statistically significant difference between baseline and load.
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The ED test also reveals a higher number of connec-
tions compared to the paper-based media test (Fig. 7).
The most significant relationships were observed between
measures of heart rate variability and large vessel tone
(a/RR) (r = -0.449-0.491; p < 0.01). Almost all correlations
of cortisol levels with HRV indicators disappear, leav-
ing only a negative association with HF spectrum waves
(r =-0.37; p < 0.05). There were no statistically significant
correlations between cortisol levels and the above indices
both at baseline and during the paper-based media task.

During the cognitive ED task, cortisol levels were
found to correlate with such indices of mental perfor-
mance as the number of correctly selected letters (S),
mental productivity coefficient (E), attention concen-
tration (R), visual information processing speed (Q),
and mental performance (Au) (r = 0.36-0.37; p < 0.05).
During cognitive task on paper-based media, close cor-
relations (r = 0.63-0.66; p < 0.05) were revealed between
the same indices of mental performance and the inte-
grative index of GSR activity (CA of the left hand, cNp/
min) reflecting sympathetic activation of the autonomic
nervous system.

DISCUSSION

The changes that we observe in the modern education
of children and adolescents: the introduction of electronic
devices (computers, laptops, tablets, etc.) into the educa-
tional environment - change the nature of learning ac-
tivities and entail the need for physiological assessment
of the optimisation of learning of the younger generation.

FIG. 6.

In this regard, we conducted a study of autonomic regu-
lation of heart rate, electrodermal activity, cerebral blood
flow and cortisol levels in saliva when adolescents perform
a cognitive test (Anfimov’s tables) on electronic devices
(tablet, laptop) and paper-based media.

According to the data of the research conducted
by the Institute of Age Physiology of the Russian Academy
of Education in 2019 and 2022, the duration of continu-
ous computer use during a lesson in 7" grades (13.8 min)
and the cumulative time of electronic media use per day
during lessons (38 min) do not exceed the normative val-
ues allowed by the «Sanitary and Epidemiological Require-
ments for Organisations of Upbringing and Education, Rec-
reation and Health Improvement of Children and Youth»
[10]. Consequently, in this study, the 15-minute duration
of adolescents’ performance on the cognitive test did not
exceed the acceptable values.

The results of the study revealed that mental perfor-
mance (total number of letters crossed out and correctly
selected, attention concentration, mental productivi-
ty coefficient, and mental efficiency) was 1.5-2.0 times
higher when working on paper-based media than on ED.
It is known from the literature that school-aged children
and adolescents are better at solving maths problems,
reading and performing tests on paper-based media than
on electronic devices [11-14], i.e. most researchers agree
that the traditional medium is the first choice for informa-
tion perception and processing. The greater number of er-
rors made by adolescents when working on the ED may
be the result of the different viewing angle from which
the subject looks at the vertical laptop screen and/
or the horizontally placed task form on the desktop [15].

Correlations of heart rate variability, cerebral blood flow and cortisol level before cognitive task performance using electronic devices (a)
and paper-based media (b) (p < 0.05): solid line - direct relationship; dotted line - inverse relationship
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FIG.7.

Correlations of heart rate variability, cerebral blood flow and cortisol levels during cognitive task performance using electronic devices (a)
and paper-based media (b) (p < 0.05): solid line — direct relationship; dotted line — inverse relationship

FIG. 8.

Correlations of heart rate variability, cerebral blood flow and cortisol levels during cognitive task performance using electronic devices (a)
and paper-based media (b) (p < 0.05): solid line — direct relationship; dotted line — inverse relationship

Additionally, performing tasks on a computer increases
the load on the systems that are involved in information
processing [16], which can also affect mental performance.

Performance of a cognitive task using electronic de-
vices in 7™ grade students caused a decrease in total heart
rate variability and parasympathetic activity, and an in-
crease in sympathetic influence of the ANS. In the study
by L. Mygind et al. (2018) [17] also observed a decrease
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in vagus nerve tone in children 10-12 years old when
performing a task similar to the Anfimov’s Tables test.
Presumably, a rapid decrease in parasympathetic activity
in response to environmental factors leads to efficient mo-
bilisation of energy and prompt return to the resting state
[18], indicating «parasympathetic flexibility» [19].
Individual analyses revealed two types of endo-
crine response to cognitive load: increased or decreased
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cortisol levels. In this study, one in four adolescents had
a higher cortisol concentration at baseline than after cog-
nitive load. At this case, one speaks of anticipatory arousal
of the endocrine system [20], which is manifested by in-
creased cortisol levels in adult individuals before an exam
[21], in children before entering school [22], which may
be associated with insufficient regulatory capacity [23].
It is likely that cognitive activities in the digital environ-
ment were more stressful for some adolescents than tradi-
tional paper-based media testing, so their endocrine sys-
tem was already activated before the cognitive load.

Correlation analysis revealed a large number
of correlations between heart rate variability parame-
ters with cerebral blood flow parameters, cortisol levels
before working on electronic devices. According to P.K.
Anokhin's theory of functional systems, coordinated
interaction of individual physiological systems occurs
to achieve a useful adaptive result. In other words,
adaptive potential is provided by a complex of changes
in several physiological systems of the organism [24].

The presence of statistically significant correla-
tions between the total power of the spectrum and its
components with cerebral blood flow (AFR) and small
calibre vessel tone (di) at baseline indicates the need
to maintain normal blood supply of nervous tissue,
in which there is a decrease in tonic tension of cerebral
arteries of small calibre, without involvement of large
vessels, which is a manifestation of cerebral blood flow
autoregulation [25]. The existence of correlations be-
tween the indices of the autonomic nervous system
and cortisol level indicates a more generalised reaction
involving not only autonomic but also humoral regula-
tion in the situation of waiting before performing a test
on electronic devices.

Changes in the number and direction of interrela-
tions between various organismal parameters charac-
terise the course of adaptation processes better than
the absolute values of these parameters. The number
of connections between the studied parameters during
cognitive activity decreased, but the number of connec-
tions is greater when performing the test on ED com-
pared to paper-based media. The most significant rela-
tionships are observed between heart rate variability
indices and tone of large vessels (a/T, %). The increased
oxygen demand of the brain is mainly satisfied by the in-
crease in blood flow, which is associated with a decrease
in the tone of large vessels [26]. The negative correla-
tion between cortisol level and ANS parasympathetic
activity during work with ED may indicate the mobili-
sation of adolescents’ body reserves during adaptation
to cognitive activity. This interdependence has been
found in adolescents who speak publicly to unfamiliar
audiences [27].

Correlations between cortisol levels and mental
performance were revealed during the ED cognitive
task. This is explained by the fact that cortisol in a situ-
ation of mild to moderate stress has a beneficial effect
over the organism [28], increases the mobility of ner-
vous processes, enhances brain work efficiency [29], i.e.
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a moderate and short-term increase in the level of cor-
tisol contributes to the improvement of cognitive func-
tions, in our case — an increase in mental performance.
When performing a cognitive test on paper-based me-
dia, a positive relationship between the same indica-
tors of mental performance and sympathetic activation
of the ANS (according to GSR) was revealed, indicating
that cognitive functions are provided by sympathetic
regulation [30].

CONCLUSION

The conducted study allowed to reveal that men-
tal efficiency, assessed by such indicators as the total
number of crossed out and correctly selected letters,
concentration of attention, mental productivity coef-
ficient, mental efficiency is 1.5-2.0 times higher when
working on paper-based media than on ED, i.e. cog-
nitive activity is more productive when performing
the test on a familiar paper-based media. When work-
ing on electronic devices, there is a significant decrease
in parasympathetic (as measured by HRV) and increase
in sympathetic activity (as measured by HRV and GSR);
when working on paper-based media, these physio-
logical changes are less pronounced. During cognitive
activity, regardless of the type of medium, there is a de-
crease in arterial blood flow and an increase in vascular
tone in the frontal lead. The presence of a greater num-
ber of correlations both at baseline and when perform-
ing the cognitive test between HRV indices, on the one
hand, and cortisol concentration and cerebral circula-
tion indices, on the other hand, indicates the preserva-
tion of a rigid system of neurovegetative and humoral
regulation of heart rhythm when using electronic devic-
es compared to paper-based media. This may indicate
a strain on the adaptation of the organism of 13-14 year
old students during cognitive activities in the digital
environment.
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ABSTRACT

Background. Treatment for malignant brain gliomas includes surgery, radiation ther-
apy, and chemotherapy with temozolomide. However, this complex treatment does not
prevent tumor relapses and progression, which is caused by the activity of tumor cells
and a high mutational burden. Researchers are experimenting with different intensity
of focused ultrasound (FUS) in the treatment of glioblastoma (GBM). FUS has shown
encouraging results in clinical studies.

The aim of the study. This review presents brief information on the history of the devel-
opment of the studied method, the results of its application in experiments and clinical
trials, as well as the main possible directions for its implementation in neuro-oncology,
in particular, for the treatment of glioblastomas, depending on parameters, including
frequency, power, pulse duration and duty cycle.

Materials and methods. We carried out an analysis and interpretation of existing
publications; for the search, we used the PubMed database and the keywords “fo-
cused ultrasound, glioma, HIFU, LIFU’, as well as Yandex and Google search engines
and the same keywords in Russian.

Results. Low-intensity FUS can be used to temporarily open the blood-brain barrier
(BBB), which limits the diffusion of most macromolecules and therapeutic agents into
the brain. High-intensity FUS can cause tumor ablation due to a hyperthermic effect,
and also stimulate an immunological attack of tumor cells, activate sonosensitizers
to exert a cytotoxic effect on tumor tissue, and can increase the sensitivity of tumors
to radiation therapy. Histotripsy causes tumor ablation through acoustic cavitation.
Conclusion. Focused ultrasound is a promising potential treatment for gliomas. Fur-
ther study in the form of clinical trials should determine the optimal ultrasound param-
eters to achieve effective treatment for patients with malignant brain tumors.

Key words: oncology, focused ultrasound of various intensity, pediatric oncology,
neuro-oncology
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PE3IOME

O6ocHosaHue. JleyeHue 3/10Ka4eCMeeHHbIX 2/TUOM 20/T08HO20 MO32d 8KJl04Yaem
Xupypeuyeckoe 8MewamesibCMao, Jiy4es8yo mepanuio U XuMuomepanuio ¢ memo-
3010mMudomM. OOHAKo 0aHHOe KOMNJIeKCHoe JliedeHuUe He hpedomepauwjdaem peyuou-
8bl U NpO2peccuposaHue onyxoJsu, 4Ymo obycs08/1eHO AKMUBHOCMbIO ONYXO0J1e8bIX
KJ1IemOK U 8bICOKOU MymayuoHHOU Hazpy3Kkol. Miccnedosamenu 3kchepumeHmu-
pytom ¢ okycuposaHHeiM ynempassykom (®Y3) paznuyHol uHmMeHcusHocmu
8 sieyeHuUU 2nuobnacmomel (FTBM). ®Y3 nokasan obHadéxuesaroujue pesynbmamsl
8 KJTUHUYECKUX UCC/1e008aHUSIX.

Lenv uccnedosanus. B Hacmoswem o0630pe npusodamcs Kpamkue OaHHble
06 UCMOpUU CMAHOBJIEHUSA YKA3AHHO20 Memodd, pe3ysibmamax e2o0 NpUMeHeHUs
8 3KCNepuMeHmMax U KJUHUYEeCKUX UCNbIMAHUAX, d MAKXe OCHOBHble 803MOXHble
HanpasseHus e20 8HeOpeHUs 8 HeUpPOOHKO/Io2UU, 8 YACMHOCMU, O/l JledeHus
2/1u061acmom, 8 3asUCUMOCMU OM nAapamMempos, 8KJIYds Yacmomy, MOUHOCMb,
0/1UMesIbHOCMb UMNY/Ibcd U paboyuli YUK,

Memodel. [TpogedeHbl aHAMU3 U UHMepnpemayus umerowuxca nybauxkayud, 014 no-
UCKa Komopbix Ucnosib3o8anace 6asa daHHsix PubMed u kntouesoie cnosa «focused
ultrasound, glioma, HIFU, LIFU» a makxe nouckogwle cucmemsl AHOekc u Google
U KJTI04esble €/108a «hOKyCUpPOBAHHbIU yrbmpassyk, 2nuomel, HIFU, LIFU».
Pesynemameol. OY3 Huskol UHMeEHCUBHOCMU MOXHO UCNO0/16308aMb 0J15 8peMEeHHO-
20 OMKpbiIMusA 2emamo3sHyegpanudecko2o 6apeepa (I35), komopelil oepaHuyugaem
Ougysuto 60bLWIUHCMBA MAKPOMOJIEKYT U mepanesmuyeckux azeHmos 8 Mo3se.
BoicokouHmercugHeiti ®Y3 mMoxem 8bi38ame abnayulo onyxonu 3a cuém eunep-
mepmMuyeckoz20 3¢ghekma, a makxe cmumyupo8ame UMMYHOI02UYECKYIO amaky
onyxoJiesblX Kiemok, akmuesuposdms COHOCeHcUubuau3amopsl 018 OKA3aHUA Yu-
momokcu4ecko20 8030elicmaus Ha ONyxoJiesylo MKAHb U MOXem nosbiluame 4ys-
cmgumesibHocms onyxorneli K sy4egoli mepanuu. [lucmompuncus ebi3sisaem abss-
YUt onyxos1u NocpedCcmeom akycmudeckol kagumauyuu.

3aknroyenue. DokycuposaHHbIli yibMpas3eyK A8/9emcs MHO2006ewdalouwum no-
MmeHYUanbHeIM MemoOoM JledeHus 2UuoMm. [anvHeliwee usydeHue 8 8ude K/IUHUYe-
CKUX UcnbimaHul 0o/IXHO onpedesiume ONMUMAsIbHble napaMempsl yibmpaseyka
0719 00CMUXeHUs 3hphekmusHOCMU fledeHUs nNayueHmos Co 3/10Ka4ecmeeHHbIMU
ONyXoJIAAMU 20/108HO20 MO324.

Knioyeeoie coea: oHko02ud, (hOKYcUpOBAHHbIU y1empa3syK pasaudHbIX UHMeH-
cusHocmel, 0emcKas OHKO02uUA, HelpOOHKO102UsA

Onsa yntupoBaHus: Perentoa O.C., MapxomeHko PA., LLep6erko O.U., AHToHeHKo O.O.,
3enuHckaa HMW., Cnpgnbe H., MonywkunH MN.B., Conopkunin B.A. MNMepcnekTnsbl NnprMeHeHnA
YNbTpa3ByKa PasfIMYHON MHTEHCUBHOCTY AN1A leYeHNA NaLMEHTOB CO 3/10KaYeCTBEHHbIMU
rnMomMamu ronoBHoro mosra. Acta biomedica scientifica. 2024; 9(1): 96-106. doi: 10.29413/
ABS.2024-9.1.10
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INTRODUCTION

Gliomas of high malignancy in adults and children
represent tumours with a high degree of lethality.
As aresult of the diffuse nature of the growth of the dis-
ease, surgical intervention is not always possible. Che-
motherapy has low efficacy due to low blood-brain
barrier (BBB) permeability. As a consequence of its
low radiosensitivity, radiotherapy is mainly palliative.
Unsatisfactory results of treatment of malignant neo-
plasms of the central nervous system (CNS) for many de-
cades have forced researchers to search for alternative
options to improve treatment outcomes [1, 2], some
of which are immunotherapy, oncolytic virotherapy,
and vaccine therapy. Immunotherapy is an emerging
therapeutic field that uses many different techniques
to stimulate the body’s existing immune response
to a tumour. This therapy has demonstrated remark-
able success in haematological malignancies unre-
sponsive to conventional therapies such as surgery, ra-
diation and chemotherapy. A form of immunotherapy
is chimeric antigen receptor (CAR) T-cell therapy, a new
form of cancer treatment approved by the U.S. Food
and Drug Administration (FDA). CAR is a modi-
fied surface receptor that adds specificity to T-cells
to a pre-defined target antigen exhibited on tumour
cells. These synthetic receptors are retrovirally or lenti-
virally integrated into patient-derived T-cells and re-in-
jected into the patient: they thus represent a special
type of personalised tumour therapy. Albeit CAR-T-cell
therapy is making great strides in the treatment of hae-
matological tumours, its efficacy remains unproven
in the treatment of solid tumours such as glioblastoma
(GBM) [3, 4]. Studies have shown that T-cells in the tu-
mour immune microenvironment of glioblastoma are
mainly T-regulatory (Treg) cells and depleted cytotoxic
T-cells [5]. In summary, CAR-T has a natural immuno-
suppressive effect in the treatment of glioblastoma.
The combination of CAR-T and immune checkpoint in-
hibitors such as PD-1 antibodies may be an effective
solution strategy [6]. CAR-T cell therapy, however, can
cause side effects such as immune autoaggression dis-
eases, neurotoxicity and cytokine storm. Additionally,
CAR-T-cell therapy also faces many challenges such
as tumour heterogeneity, off-target effect and low tu-
mour infiltration efficiency [7].

One of the promising directions in the search forin-
novative preparations for the treatment of oncological
diseases is the use of oncolytic (natural or genetical-
ly modified) viruses (OVs) for selective action against
tumour cells and their destruction, especially as part
of combination therapy. Clinical trials of oncolytic vi-
ruses in this patient group have shown promising re-
sults, with patients achieving impressive long-term
clinical responses. However, OV response rates remain
low. This is thought to be due to the great heterogeneity
of these tumours, both in terms of molecular composi-
tion and their immunosuppressive microenvironment,
leading to variability in responses [8].
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Vaccine therapy against cancer has shown great
promise from both preventive and therapeutic per-
spectives [9]. Anti-cancer vaccines are designed to tar-
get tumour-associated antigens to induce an immune
response against tumours. Considering that glioblas-
toma-specific antigens are rare, tumour-associated an-
tigens are the targets. Current results from clinical tri-
als of vaccines against high grade gliomas are not very
promising, the lack of GBM-specific antigen and the high
heterogeneity of tumours pose challenges for GBM vac-
cine therapy. Therefore, the study of DMST (Diffuse mid-
line structures tumours) at the molecular genetic level
is one of the urgent tasks in neuro-oncology. Unfortu-
nately, these treatment options are experimental due
to mixed results.

Nevertheless, advances in BBB disruption using
focused ultrasound have opened up new ways to de-
liver chemotherapeutic agents, which we believe may
be a promising method that could improve treatment
efficacy by increasing the concentration of systemical-
ly administered medications in the brain parenchyma,
thereby potentially increasing survival in this group
of patients.

HISTORICAL BACKGROUND

The focused ultrasound (FUS) method itself is not
particularly novel. It involves the machine emitting ul-
trasonic waves from different directions, with the waves
converging on the area of interest, having the strongest
effect there. Experimental study of the effect of high-in-
tensity ultrasound on the animal organism was carried
out by American researchers R.W. Wood and A.L. Loomis
backin 1927 [10].

In 1942 William Fry, a veteran physicist in naval so-
nar research, and his brother Francis Fry began research
at the Bioacoustic Research Laboratory (University of Illi-
nois), where they developed a focused ultrasound device
that focused ultrasound waves at 840 kHz (the first fo-
cused ultrasound device). They performed exposure
of liver tissue to the FUS, obtaining an ablation effect.
At the same time, when they attempted to irradiate
the brain in animals, they failed to produce any signif-
icant damaging effect on its pathological tissue with-
out applying the maximum possible power, which,
among other things, was also accompanied by necro-
sis of the skin and bones of the skull. Two years later,
however, they still managed to achieve selective impact
of ultrasound on the brain by creating a trepanning
window in the skull for its application. Already in 1950,
they successfully succeeded in destroying a small focus
in the human brain without damaging healthy tissue
in a patient with Parkinson’s disease [10].

In the 1950s the role of ultrasound as a possible
method of treating tumours in humans and animals
was actively studied by a research team led by Andrei
K. Burov with the participation of a group of oncolo-
gists headed by Academician Nikolai N. Blokhin. In fact,



these researchers were pioneers in the use of high-in-
tensity ultrasound in oncology. The results of their work
are still known to specialists all over the world, they
formed the basis for a number of subsequent studies.
The ultrasonic wave sources they developed were char-
acterised by high power: they used unfocused ultra-
sonic beams with a frequency of 1.5 MHz 200-500 W.
Brown-Pearce carcinomas that had been transplant-
ed into the testicles of rabbits were treated with such
waves once. In 60-80 % of cases, the tumour either
disappeared completely or underwent scar degenera-
tion. Most notably, regression of not only the primary
tumour but also its metastases, which were not affected
by ultrasound, was observed, which could probably be
explained by an immune mediated effect. In this case,
repeated tumour grafting in experimental animals be-
came impossible. The team headed by A.K. Burov also
tested this method in the clinic: 10 people with terminal
stage melanoma were treated, some of them showed
complete disappearance of the tumour [10]. To date,
Russian physicists are actively continuing research
in this area. An example is the laboratory of industrial
and medical ultrasound at the Department of Acous-
tics, Faculty of Physics, N.V. Lomonosov Moscow State
University (headed by Oleg A. Sapozhnikov, Vera A.
Khokhlova). One of the main directions of activity of this
laboratory is the study of powerful focused ultrasound
in therapy and non-invasive surgery, including model-
ling and measurement of nonlinear fields of medical
ultrasound sources, investigation of the mechanisms
of ultrasound effect on biological tissues, development
of powerful multi-element phased arrays for ultrasound
surgery [8].

It should also be emphasised that currently re-
searchers from the Laboratory of Medical and Industri-
al Ultrasound at the Department of Acoustics, Faculty
of Physics, N.V. Lomonosov Moscow State University,
together with colleagues from the University of Wash-
ington (Seattle) as part of an international team are
conducting studies aimed at the impact of focused ul-
trasound radiation on various tissues and organs inside
the human body, non-invasively, i.e. without conven-
tional surgical intervention. Meanwhile, this actively
developing scientific trend has existed for about a quar-
ter of a century and rather quickly moved from pure-
ly laboratory experiments to clinical use. For instance,
in the last ten years it has become especially relevant
as a result of the use of high-intensity FUS, in which
researchers have learned to cause thermal necrosis
of tumour tissues in the prostate, kidney, liver, breast
and even in the brain, and the list is not exhausted [11].

In  this regard, we would like to note
the fact that the undoubted priority of domestic re-
searchers in this area of medical science was signalled
by the following international event. For her contri-
bution to interdisciplinary research in biomedical
and physical acoustics, V.A. Khokhlova was honoured
in 2023 with the Helmholtz-Rayleigh Silver Medal
of the Acoustical Society of America. With this award,
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the authoritative acoustics community recognised
many years of successful studies by Vera A. Khokhlo-
va and her associates concerning the use of nonlinear
acoustic effects in medical applications of high-intensi-
ty ultrasound.

At the end of the XX century, namely in 1991, A. Gut-
kelch, K. Hininen, et al. reported about the treatment
of malignant brain tumours with focused ultrasound hy-
perthermia and irradiation, and already in 1992 K. Hin-
inen, et al. first proposed to use non-invasive focused ul-
trasound combined with magnetic resonance imaging
(MRI) to control and monitor tissue damage. In doing so,
the term MRI-guided focused ultrasound (MRgFUS) was
first proposed. In 2001, the first International Society
for Therapeutic Ultrasound (ISTU) was established to ex-
pand and disseminate knowledge of therapeutic ultra-
sound to the scientific and medical community. During
the same year, G. Clement and K. Hininen demonstrat-
ed noninvasive focusing through the human skull us-
ing a phased array and a CT-based planning algorithm,
and in 2006, M. Kinoshita, et al. demonstrated antibody
delivery across the blood-brain barrier in brain tumours
using MRgFUS [10].

Considerable experience in the use of ultrasound
ablation for the treatment of neoplasms of different lo-
calisation: prostate cancer, breast cancer, liver cancer,
bone tissue tumours, brain tumours has been accumu-
lated in China [10, 12-14].

EXPOSURE TO HIGH-INTENSITY ULTRASOUND

Currently, focused guided ultrasound under
the control of MRl or ultrasound is used to ablate certain
areas of the brain in the treatment of a number of neu-
rological diseases: essential tremor, Parkinson’s disease
with predominant tremor, neuropathic pain - as well
as for stopping bleeding, crushing kidney concretions.
Additionally, thermal ablation with high-intensity ul-
trasound is officially approved in various countries
for the treatment of malignant and benign tumours
of the breast, prostate, liver, as well as uterine fibroids,
primary and secondary tumour involvement of skeletal
bones [15-20].

High-intensity ultrasound acts upon the tissues
by warming them up. It penetrates through healthy tis-
sues, causing a short-term, on the order of one second,
temperature increase at the focal point by absorbing
ultrasound waves and cavitation, sufficient for the de-
velopment of coagulation necrosis [13]. In other words,
the essence of such technologies using high inten-
sity focused ultrasound (HIFU) is that the energy
of the ultrasound beam penetrating into the human
body from an external source is absorbed in the area
of the affected organ, resulting in thermal denaturation
[14]. In summary, without compromising the integri-
ty of the surrounding tissue, high-intensity focused
ultrasound allows to destroy of the tumour tissue,
in other words to perform «non-invasive surgery».
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To achieve this effect, sound waves with a frequency
of 0.8-4 MHz and an intensity of 100-10000 W/cm? are
used. The intensity of ultrasound used for therapeutic
purposes is categorised into high (1000-10000 W/cm?),
medium and low (< 3 W/cm?). As a comparison, in ul-
trasound diagnostics, the tissue exposure power ranges
from 0.004 to 7.5 W/cm? [20, 21].

At the IV International Symposium dedicated
to focused ultrasound in 2014, two cases were pre-
sented involving the use of the ExAblate Neuro 4000
device for ultrasound-guided thermodestruction of in-
tracranial neoplasms - glioblastoma (in the thalamus
region) and metastasis. In both observations, MRI after
the procedure demonstrated partial destruction of tu-
mour tissue [22]. Attempts to use brain tumour abla-
tion in the clinic were reported earlier, in 1996-2010
[23], but these were only single cases or phase | trials
on series of up to 15 patients, and these studies did not
provide sufficient data concerning long-term follow-up,
in particular, the dynamics of tumour size. As will be
demonstrated below, the main focus of subsequent
studies in this area has been focused on the application
of low-power FUS rather than ablation.

As ablation with high-intensity ultrasound has
been applied in several areas of oncology, certain
disadvantages have been revealed, such as the risk
of skin and bone burns in the path of the ultrasound
wave to the focus, the difficulty in visualising the irra-
diated areas in real time using diagnostic ultrasound
machines, and the possibility of damage to the bone
and vessels around the irradiated area as a result of heat
diffusion from the focus area. Consequently, alterna-
tive methods of mechanical tissue destruction, or his-
totripsy, have been proposed that overcome these dis-
advantages and also offer some other advantages. One
of these methods is the so-called boiling histotripsy.
A.P. Duryea, et al. [24] provide the following defini-
tion: histotripsy is a technology of pulsating focused
ultrasound, when the initiation and control of acoustic
cavitation allow for precise mechanical fragmentation
of tissues. High-intensity ultrasound pulses of milli-
second duration are propagated from the transmitter
and focused inside a specific organ. Due to nonlinear
acoustic effects, the wave profile becomes distorted
as it propagates away from the transmitter, resulting
in a shock front at the focus at each wave period. Ab-
sorption of the energy of such a nonlinearly distort-
ed wave with a shock front results in rapid localised
heating of the tissue at the focus, leading to its boiling
during each pulse. This produces a vapour cavity mea-
suring millimetres in size, noticeably larger than the vol-
ume of the superheated tissue area. The interaction
of the shock wave with this cavity leads to the formation
of an acoustic fountain and, consequently, to the frag-
mentation of the tissue into small fragments of subcel-
lular dimensions. That is, it is the «fountain» that has
the main damaging effect, and heating plays the role
of only a «trigger», while eliminating the risk of dam-
age to healthy tissues in the path of ultrasound [15].
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As a result of the appearance of vapour cavities, the ab-
lation site is easily visualised with ultrasound as a hyper-
echogenic area.

There have been sporadic studies regarding the use
of histotripsy in animals to date. For instance, the ex-
periments with pigs managed to create necrosis zones
in the cerebral cortex up to 1 cm in size without signif-
icant complications [25]. No significant complications
were revealed in histotripsy of a mouse model of gli-
omas in the work of S.W. Choi, et al. [26]. Histotripsy
using focused ultrasound in mice with glioblastomas
leads to the release of tumour antigens and increases
the number of immune cells in its microenvironment;
in addition, in mouse models, histotripsy of liver, kid-
ney, and pancreatic cancers, as well as neuroblastoma
and melanoma, leads to a significant increase in animal
survival [26, 27]. Clinical trials of histotripsy in brain tu-
mours have not yet been conducted.

A relatively low ultrasound power is not used for ab-
lation, but for implementation of various ways to im-
prove drug delivery to the tumour zone [17, 21].

INCREASED BLOOD-BRAIN BARRIER
PERMEABILITY

The presence of the blood-brain barrier, the func-
tion of which is to protect the brain from toxic sub-
stances, is considered as one of the reasons for the low
efficacy of chemotherapy for brain high grade gliomas
[28]. The BBB is formed by endotheliocytes, process-
es of astrocytes, pericytes, neurons, microglia mac-
rophages, in addition, it includes extracellular matrix
and glycocalyx [16, 29, 30].

It is known that the BBB is sometimes disrupted
in glioblastomas (in the so-called «leaky» areas), as ev-
idenced by the areas of contrast agent accumulation
during MRI; however, in other parts of the tumour
the BBB remains intact [31, 32]. This «diversity» of BBB
permeability in glioblastomas is favoured by a vari-
ety of angiogenesis mechanisms [31]. The BBB within
the tumour prevents most antitumour drugs penetra-
tion. Specifically, in the work of J. Portnow, et al. [33]
has been demonstrated that in the brain of patients
with glioblastoma or metastases of malignant tumours
the average concentration of Temozolomide after its
oral administration is approximately 5 times lower than
in plasma.

One exception is Erlotinib (Tarceva), a HER1/EGRF
epidermal growth factor receptor tyrosine kinase in-
hibitor used to treat brain metastases in non-small cell
lung cancer. This preparation has a number of essential
properties: it is fat soluble; it has no charge; its mol-
ecule is less than 500 D; there is no rapid elimination
of this drug from the CNS [16]. Surgery and radiothera-
py contribute to BBB disruption, but apparently this ef-
fect in malignant gliomas is not sufficient, considering
the low efficacy of most chemopreventive agents [16].
Obviously, direct injection of an antitumour drug into



the tumour or intrathecal injections could be considered
to overcome the BBB, but these techniques are associ-
ated with neurotoxicity and it is difficult to ensure pro-
longed exposure of the drug to the tumour tissue [34].

In view of the above problems, the technique
of applying low-intensity focused ultrasound (LFUS)
was established. Preclinical and clinical studies have
revealed that this method can temporarily (for 24-72
hours) open the BBB without tissue damage, facilitat-
ing the penetration of antitumour drugs into the glio-
ma area, and repeated sessions are possible. This tech-
nique involves the use of low-power ultrasound waves
combined with intravenously administered microbub-
bles. When microbubbles travelling through the blood-
stream are exposed to LFUS, they begin to periodically
expand and contract. This process is called stable cavi-
tation, it has a mechanical effect over the vascular walls,
leading to reorganization tight junction proteins and in-
creased drug penetration through the BBB. In this case,
due to the mentioned cavitation phenomenon, less
ultrasound power is required to disrupt the BBB, which
ensures its safety, which has been evidenced in a num-
ber of experiments involving small and large animals.
At the same time, LFUS slows down the elimination
of anticancer drugs from brain tissue [16, 33, 35]. Be-
sides, temporary disruption of the BBB during LFUS
exposure can cause an acute inflammatory response
leading to activation of immune system elements
in the glioblastoma microenvironment [34].

In clinical studies, T1-weighted and dynamic MRI
with contrast are used to assess the degree of BBB open-
ing. It remains to be elaborated, however, how to con-
firm the increased drug accumulation in the tumour
when LFUS is used locally [14].

In areview by J.W.Roberts, et al.[17] there have been
10 recently completed or currently ongoing clinical trials
concerning BBB opening by ultrasound in the treatment
of glioblastoma in adult patients, which are conducted
in a number of countries: USA, Canada, South Korea,
Taiwan, France, Switzerland, Belgium (NCT03712293,
NCT03744026, NCT04417088, NCT04446416, etc.).
This technique is used in them to improve the efficacy
of the following drugs: carboplatin, temozolomide, paci-
taxel, bevacizumab. One of these studiesis NCT04614493
(France). In this phase | study of 19 patients with recur-
rent glioblastoma, ultrasound was delivered by an im-
plantable device (SonoCloud-1; CarThera, France) before
intravenous carboplatin administration.

In those 11 patients who achieved clear BBB dis-
ruption according to MRI, survival rates were slight-
ly higher than in those with no or minor disruption:
overall survival was 12.9 and 8.6 months, and progres-
sion-free survival was 4.1 and 2.7 months, respective-
ly. In general, the FUS procedure (so-called sonifica-
tion) was tolerated satisfactorily; 2 cases of swelling
in the tumour area were observed, the manifestations
of which were controlled with steroids [35]. The results
of the other mentioned studies have not yet been pub-
lished. Apart from that, preclinical testing of the effect
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of low-intensity FUS aimed at increasing BBB permeabil-
ity in midline gliomas for drugs from the group of small
molecules and monoclonal antibodies is being carried
out at the Princess Maxima Centre for Children’s On-
cology (Utrecht, the Netherlands) [36]. In this group’s
study involving a mouse model of pontine glioma,
a more than 5-fold increase in Olaparib bioavailability
due to the opening of the BBB by means of FUS was
revealed, which slowed tumour development during
radiotherapy, although it did not lead to increased sur-
vival of the animals. The authors conclude that preclini-
cal studies should be continued [37].

SELECTIVEULTRASOUND EFFECTSONTUMOUR
CELLS

Undoubtedly of interest is the work of D.R. Mit-
telstein, et al. [38], conducted in vitro using cellular
models of breast cancer, colon cancer and leukaemia,
which demonstrated that the use of low-intensity ul-
trasound < 5 W/cm?, with a frequency of 0.5-0.67 MHz,
pulse duration > 20 ms leads to selective damage
to the cells of these malignant tumours without sig-
nificant effect on healthy immune cells or erythro-
cytes. Physical experiments have revealed that acous-
tic standing waves and cavitation lead to cytoskeletal
disruption, increased expression of apoptosis markers
and death of tumour cells. The selectivity of the effect
against the tumour cells, according to the authors, ad-
vantageously distinguishes this technique from abla-
tion with high-intensity ultrasound. The methodology
needs further validation.

INCREASING THE EFFECT OF RADIATION
THERAPY USING FOCUSED ULTRASOUND

Moderate hyperthermia of tissues under the influ-
ence of FUS can lead to an increase in their oxygenation
and perfusion, thus increasing their sensitivity to radio-
therapy [39, 40]. The world’s first clinical study involving
the use of FUS for radiosensitisation in glioblastoma
is currently being conducted in Taiwan [17].

SONODYNAMIC THERAPY

So-called sonodynamic therapy (SDT) is now being
developed, in which FUS locally converts a substance
inactive against the tumour into an antitumour drug.
As a sonosensitizing agent, for example, 5-ALA and Flu-
oroscein are used. These drugs selectively accumulate
in tumours such as glioblastoma and are now being
used to improve tumour imaging during neurosur-
gery as they are activated not only by sound but also
by light. Ultrasound by not quite clear mechanisms,
interacting with these drugs, leads to the formation
of reactive oxygen species that cause apoptosis. Two
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clinical studies (one in the USA, one in Italy) concern-
ing the use of sonodynamic therapy in malignant gli-
omas are now being conducted [17]. Most accredited
theories include the effects of cavitation, generation
of reactive oxygen intermediates (ROls), induction
of apoptosis in cancer cells, improvement of anti-tu-
mour immunity, inhibition of angiogenesis and induc-
tion of hyperthermia [41].

1. Cavitation effect

The cavitation mechanism involves the formation
and expansion of microbubbles filled with gas or liquid
medium. Bubbles are usually formed from gases dis-
solved in the medium or from pre-existing nuclei, such
as microbubbles injected as ultrasound contrast agents.
The negative «rarefied» components of ultrasonic waves
allow the expansion of small stabilised gas-filled «cav-
ities» or bubbles within a liquid medium [42]. Under
the influence of ultrasound pressure, these bubbles
commence to oscillate, causing vibrations of the cell
membrane or, if higher intensity ultrasound is applied,
strong shock waves, compressing and thereby causing
mechanical damage to the surrounding tissues. This
phenomenon favours the breakdown of water mole-
cules and the subsequent formation of hydroxyl radicals
and hydrogen atoms

2. Reactive oxygen intermediates generation

The scientific basis of SDT relies heavily over the gen-
eration of ROIs through the simultaneous combination
of low intensity ultrasound, molecular oxygen and sen-
sitising drug [42]. The generation of ROls in SDT appears
to be closely related to the cavitation effect: the max-
imum expansion of gas bubbles and the subsequent
rapid implosion release significant energy, leading
to an increase in temperature and pressure in the sur-
rounding microenvironment. It has been suggested that
these extreme temperatures and pressures at the time
of explosion act as a «sonicochemical» reactor capable
of generating ROlIs in the presence of water and oxygen;
these unstable molecules, if formed intracellularly, can
exert strong cytotoxic effects such as oxidative stress,
DNA damage and apoptosis, and can induce lipid perox-
idation if formed near the cell membrane. ROl formation
in this process is mainly attributed to sonoluminescence
and pyrolysis mechanisms.

3. Induction of apoptosis in cancer cells

Under normal conditions, cells are able to clear
a certain number of ROIs as they are normally produced
in the body during respiration; however, during SDT,
excess ROIs are generated that cannot be immediately
excreted and cause oxidative stress within the cells. Oxi-
dative stress affects mitochondrial membrane potential,
which may eventually lead to apoptosis [42].

4. Improved anti-tumour immunity
Generally, the effects of SDT by targeting the tumour
microenvironment and tumour cells (both immune

102

infiltrating and tumour cells) may increase tumour
immunogenicity.

5. Angiogenesis restriction

Even if this mechanism is still not evident, the an-
ti-angiogenic effects of SDT with 5-ALK were observed
by V Choi, et al. both in vitro and in vivo; in particular,
they observed that SDT using low-intensity ultrasound
significantly inhibited endothelial cell proliferation
and migration in vitro, as well as the ability to form
capillary networks; consequently, in an in vivo study
on a rodent model of human tongue cancer xenograft
they showed that the expression of vascular endothe-
lial growth factor, a critical proangiogenic factor, was
significantly reduced after SDT treatment compared
to subjects receiving only ultrasound or a control
group [42, 43].

6. Hyperthermiainduction

In some preliminary studies, ultrasound-induced
hyperthermia has been demonstrated to enhance
the effect of SDT, although the exact mechanism of this
effect is still not evident [41].

FOCUSED ULTRASOUND AND LIQUID BIOPSY

Y. Meng, et al. [44] after exposure to low-power FUS
at the tumour areas in 9 patients with glioblastomas
observed an increase in the blood of brain and tumour
biomarkers, in particular, extracellular circulating DNA,
the methylation profile of which indicated its possible
origin from the tumour. The authors attribute this effect
to the temporary opening of the BBB as affected by ultra-
sound. Previously, similar effects were observed in animal
experiments [45, 46]. Proceeding from these data, it can
be concluded that FUS is a promising method for in-
creasing the informativeness of liquid biopsy in malig-
nant gliomas of the brain.

CONCLUSION

These literature data evidence that focused ultra-
sound of different intensities is considered by research-
ers in a number of countries as one of the promising
ways to improve the effectiveness of treatment in on-
cology, particularly in brain tumours. However, it should
be emphasised that studies in this area have so far
been conducted mainly in the form of basic physical re-
search and experiments on cellular models and animals.
Clinical trials are still very few and have not exceeded
in general the Phase |. Nevertheless, one cannot ignore
the fact that in our country there is a well-defined basis
for conducting studies related to the application of FUS
in clinical terms. At the same time, the substantial expe-
rience of a number of Russian clinics in the treatment
of malignant tumours of the CNS using modern con-
ventional high-tech antitumour methods both in adults



and children, as well as the availability of modern
equipment for MRI and ultrasound diagnostics, includ-
ing liquid biopsy, and, along with this, the availability
of original developments of Russian physicists allow not
only to continue, but also to intensify the studies aimed
at a deep understanding of the exact mechanisms in-
volved, in particular, in focused ultrasonic disruption
of the BBB.

Studies involving the use of sonosensitisers and ul-
trasound for sonodynamic treatment of gliomas, how-
ever, are currently at a very early stage. That said, be-
fore FUS becomes a routine treatment option for CNS
tumours, studies are needed to confirm the sonody-
namic effect in other preclinical glioma models be-
sides the most commonly used rat C6 glioma cell line.
More importantly, further studies to determine the op-
timal ultrasound wave parameters required for induc-
tion of sonodynamic effects in malignant cells without
causing damage to healthy brain tissue are also a pri-
ority. Overall, the results obtained in such experiments
may be invaluable for planning further in vivo preclini-
cal studies and, in the future, clinical studies.

Concurrently, the preliminary clinical data published
to date appear to offer the exciting prospect of a new
method for the specific treatment of glioma that may
be selective to malignant cells and at the same time
practically non-invasive, which will allow its future use
primarily in paediatric patients, as well as its repeated
application in case of disease recurrence, especially af-
ter previous radiotherapy.

Conflict of interest

The authors declare the absence of apparent
and potential conflicts of interest related to the publi-
cation of this article.

Funding
The authors claim funding for the research conducted
from their own resources.

REFERENCES

1. Parekh K, LeBlang S, Nazarian J, Mueller S, Zacha-
roulis S, Hynynen K, et al. Past, present and future of fo-
cused ultrasound as an adjunct or complement to DIPG/
DMG therapy: A consensus of the 2021 FUSF DIPG
meeting. Neoplasia. 2023; 37: 100876. doi: 10.1016/j.
neo.2023.100876

2. Ozerov SS, Ryzhova MV, Kumirova EV. Diffuse
brainstem tumors in children. Tumor biology and hope
for a better outcome. Current state of the problem.
Zhurnal Voprosy Neirokhirurgii Imeni N.N. Burdenko.
2021; 4: 77-86. (In Russ.). [O3epos C.C., PbixxoBa M.B.,
Kymnposa 3.B. [inddysHble onyxonn cTBosIa FOMOBHOIO
Mo3ray geten. buonorna onyxonm n Hagexkga Ha nyywmm
ncxopn. CoBpemeHHoe cocTosHue npobnembl. Bonpocesl
Heldpoxupypeuu um. H.H. bypoenko. 2021; 4: 77-86.].
doi: 10.17116/neiro20218504177

3. Feldman L, Brown C, Badie B. Chimeric antigen
receptor (CAR) T cell therapy for glioblastoma. Neuromo-
lecular Med. 2022; 2021: 1-6. doi: 10.1007/s12017-021-
08689-5

4. Yoo HJ, Harapan BN. Chimeric antigen receptor
(CAR) immunotherapy: Basic principles, current advanc-
es, and future prospects in neuro-oncology. Immuno-
logic Res. 2021; 69(6): 471-486. doi: 10.1007/512026-021-
09236-x

5. Fu W, Wang W, Li H, Jiao Y, Huo R, Yan Z, et al.
Single-cell atlas reveals complexity of the immunosup-
pressive microenvironment of initial and recurrent glio-
blastoma. Front Immunol. 2020; 11: 835. doi: 10.3389/fim-
mu.2020.00835

6. Shen SH, Woroniecka K, Barbour AB, Fecci PE, San-
chez-Perez L, Sampson JH, et al. CAR T cells and check-
point inhibition for the treatment of glioblastoma. Expert
Opin Biol Ther. 2020; 20(6): 579-591. doi: 10.1080/147125
98.2020.1727436

7. Xiong Q, Zhu J, Zhang Y, Deng H. CAR-NK cell ther-
apy for glioblastoma: What to do next? Front Oncol. 2023;
13:1192128. doi: 10.3389/fonc.2023.1192128

8. Stavrakaki E, Dirven CMF, Lamfers MLM. Person-
alizing oncolytic virotherapy for glioblastoma: In search
of biomarkers for response. Cancers (Basel). 2021; 13(4):
614. doi: 10.3390/cancers13040614

9. Saxena M, van der Burg SH, Melief CJM, Bhard-
waj N. Therapeutic cancer vaccines. Nat Rev Cancer. 2021;
21(6): 360-378. doi: 10.1038/s41568-021-00346-0

10. ter Haar G. The history of focused ultrasound. URL:
https://www.fusfoundation.org/posts/the-history-of-fo-
cused-ultrasound [date of access: 11.03.2021].

11. Laboratory for Industrial and Medical Ul-
trasound. (In Russ.). [Jlabopatopua MeaANLUHCKOrO
N NpoMbiLeHHoro ynbtpa3ssyka.]. URL: http://limu.msu.
ru [date of access: November 1, 2023].

12. Nazarenko Gl, Chen VS, Dzhan L, Khitrova AN,
Paschenko NV. Ultrasonic ablation as a high-tech or-
gan-preserving an alternative to surgery. (In Russ.).
[HazapeHko WU., Yen B.L., Oxxan J1., Xutposa A.H., Ma-
weHKo H.B. YnbTpa3sBykoBas abnauma Kak BbICOKOTEXHO-
NOrMYHas OPraHOCOXpPaHsAIoLLas anbTepHaTBa XMpPYypru-
yeckon onepauun.]. URL: https://oncology.ru/specialist/
journal_oncology/archive/0209/018.pdf [date of access:
October 31, 2023].

13. Yang Q, Zhou Y, Chen J, Huang N, Wang Z,
Cheng Y. Gene therapy for drug-resistant glioblastoma
via lipid-polymer hybrid nanoparticles combined with fo-
cused ultrasound. Int J Nanomedicine. 2021; 16: 185-199.
doi: 10.2147/1JN.5286221

14. Zheng Q, Xia B, Huang X, Luo J, Zhong S, Li X.
Nanomedicines for high intensity focused ultrasound
cancer treatment and theranostics (review). Exp Ther Med.
2023; 25(4): 170. doi: 10.3892/etm.2023.11869

15. Ponomarchuk EM, Buravkov SV, Wang YaN,
Khokhlova TD, Khokhlova VA. Morphological analysis
of biological tissue lesions induced by high intensity fo-
cused ultrasound pulses containing shock fronts. Mem-
oirs of the Faculty of Physics Lomonosov Moscow State

103

Oncology



University. 2016; 4: 164701. (In Russ.). [[ToHomapuyk E.M.,
bypaskos C.B., BaHr f.H, Xoxnosa T.[1., Xoxnoa B.A. Mop-
donornuecknin aHanus paspyleHuin BGuonornyeckom
TKaHW Mpy 0b6ayYeHUN MOLHbIMU (HOKYCMPOBAHHbBIMU
YNbTPa3BYKOBbIMY MMMYbCaMK C YAAPHbIMU GPOHTAMMU.
YueHble 3anucku ¢usuyeckoeo pakynemema Mry. 2016; 4:
164701].

16. Lamsam L, Johnson E, Connolly ID, Winter-
mark M, Hayden Gephart M. A review of potential appli-
cations of MR-guided focused ultrasound for targeting
brain tumor therapy. Neurosurg Focus. 2018; 44(2): 10.
doi: 10.3171/2017.11.FOCUS17620

17. Roberts JW, Powlovich L, Sheybani N, LeBlang S.
Focused ultrasound for the treatment of glioblastoma.
J Neurooncol. 2022; 157(2): 237-247.doi: 10.1007/s11060-
022-03974-0

18. Galimova RM, lllarioshkin SN, Buzaev IV, Kache-
maeva OV. Therapy of motor disorders by focused ultra-
sound under the control of magnetic resonance imaging.
Recommendations for neurologists on patient selection.
Novye tekhnologii. 2020; 1: 9-15. (In Russ.). [fannmoBa P.M.,
Mnnapuowkun C.H., by3aes /.B., Kauemaea O.B. Tepanus
[BUraTesibHbIX HapylleHN MeToAOM GOKYCUPOBAHHOIO
YNbTpa3ByKa MO KOHTPOJIEM MarHUTHO-PE30HAHCHOW
Tomorpadun. PekomeHpauun [Ona Bpauyeln-HeBPOIIO-
roB no otbopy nauneHToB. Hosble mexHonozuu. 2020; 1:
9-15.]. doi: 10.24411/2226-079X-2020-12168

19. Janwadkar R, Leblang S, Ghanouni P, Brenner J,
Ragheb J, Hennekens CH, et al. Focused ultrasound for pe-
diatric diseases. Pediatrics. 2022; 149(3): e2021052714.
doi: 10.1542/peds.2021-05271

20. Moskvicheva LI. Application of HIFU therapy
in oncology (2000-2021). PA. Herzen Journal of Oncolo-
gy. 2022; 11(1): 6474. (In Russ.). [MockBunueBa J1.U. Mpu-
mMeHeHune HIFU-tepanun B oHkonoruwu (2000-2021 rr.).
Onkonoeua. XypHan um. [1.A. lepyera. 2022; 11(1): 64-74].
doi: 10.17116/0nkolog20221101164

21. Bachu VS, Kedda J, Suk I, Green JJ, Tyler B.
High-intensity focused ultrasound: A review of mech-
anisms and clinical applications. Ann Biomed Eng. 2021;
49(9): 1975-1991. doi: 10.1007/s10439-021-02833-9

22. Galkin MV. The use of transcranial focused ul-
trasound in CNS diseases. Zhurnal Voprosy Neirokhirur-
gii Imeni N.N. Burdenko. 2016; 80(2): 108-118. (In Russ.).
[lankuH M.B. MprmeHeHVe TpaHCKpaHUanbHoro ¢o-
KYCMPOBAHHOTO YynbTpa3BykKa B JIeYeHWM MNaTosio-
run LUHC. XypHan «Bonpocel Helipoxupypauu» umeHu
H.H. bypoerko. 2016; 80(2): 108-118.]. doi: 10.17116/
neiro2016802108-118

23. Paun L, Moiraghi A, Jannelli G, Nouri A, DiMeco F,
Pallud J, et al. From focused ultrasound tumor ablation
to brain blood barrier opening for high grade glioma:
A systematic review. Cancers (Basel). 2021; 13(22): 5614.
doi: 10.3390/cancers13225614

24. Duryea AP, Hall TL, Maxwel AD, Zhen X, Cain CA,
et al. Histotripsy erosion of model urinary calculi. J En-
dourol.2011;25(2):341-344.d0i: 10.1089/end.2010.0407

25. Sukovich JR, Cain CA, Pandey AS, Chaud-
hary N, Camelo-Piragua S, Allen SP, et al. In vivo his-

totripsy brain treatment. J Neurosurg. 2018; 131(4): 1-8.
doi: 10.3171/2018.4.JNS172652

26. Choi SW, Duclos S, Camelo-Piragua S, Chaud-
hary N, Sukovich J, Hall T, et al. Histotripsy treatment
of murine brain and glioma: Temporal profile of mag-
netic resonance imaging and histological charac-
teristics post-treatment. Ultrasound Med Biol. 2023;
S0301-5629(23)00148-5.  doi:  10.1016/j.ultrasmed-
bi0.2023.05.002

27. Hendricks-Wenger A, Hutchison R, Vlaisavl-
jevich E, Allen IC. Immunological effects of histotrip-
sy for cancer therapy. Front Oncol. 2021; 11: 681629.
doi: 10.3389/fonc.2021.681629

28. Deligne C, Hachani J, Duban-Deweer S, Meig-
nan S, Leblond P, Carcaboso AM, et al. Development
of a human in vitro blood-brain tumor barrier model
of diffuse intrinsic pontine glioma to better understand
the chemoresistance. Fluids Barriers CNS. 2020; 17: 37.
doi: 10.1186/512987-020-00198-0

29. Angeli E, Nguyen TT, Janin A, Bousquet G. How
to make anticancer drugs cross the blood-brain barrier
to treat brain metastases. Int J Mol Sci. 2019; 21(1): 22.
doi: 10.3390/ijms21010022

30. Voropaeva EV, Karpova VS, Pospelova TI, Mak-
simov VN, Vorontsova EV. Current research on the role
of the blood-brain barrier in the central nervous system
lymphomas development. Journal of Siberian Medical
Sciences. 2022; (2): 131-147. (In Russ.). [Boponaesa E.H.,
Kapnosa B.C., Mocnenosa T.M., Makcumos B.H., BopoH-
uoBa E.B. CoBpemeHHble npeacTaBneHns o0 ponu rema-
To3HUedannyeckoro bapbepa B pa3BuTM NMMOOM LieH-
TpanbHOW HepBHOW cuctemsl. Journal of Siberian Medical
Sciences. 2022; (2): 131-147.]. doi: 10.31549/2542-1174-
2022-6-2-131-147

31. Brighi C, Reid L, White AL, Genovesi LA, Kojic M,
Millar A, et al. MR-guided focused ultrasound increases
antibody delivery to nonenhancing high-grade glioma.
Neurooncol Adv. 2020; 2(1): vdaa030. doi: 10.1093/noa-
jnl/vdaa030

32. Bunevicius A, McDannold NJ, Golby AJ. Focused
ultrasound strategies for brain tumor therapy. Oper Neu-
rosurg (Hagerstown). 2020; 19(1): 9-18. doi: 10.1093/ons/
opz374

33. Portnow J, Badie B, Chen M, Liu A, Blanchard S,
Synold TW. The neuropharmacokinetics of temozolo-
mide in patients with resectable brain tumors: Poten-
tial implications for the current approach to chemo-
radiation. Clin Cancer Res. 2009; 15: 7092-7098.
doi: 10.1158/1078-0432.CCR-09-1349

34. Bérard C, Truillet C, Larrat B, Dhermain F, Es-
téve MA, Correard F, et al. Anticancer drug delivery by fo-
cused ultrasound-mediated blood-brain/tumor barrier
disruption for glioma therapy: From benchside to bed-
side. Pharmacol Ther. 2023; 250: 108518. doi: 10.1016/j.
pharmthera.2023.108518

35. Alli S, Figueiredo CA, Golbourn B, Sabha N,
Wu MY, Bondoc A, et al. Brainstem blood brain barrier
disruption using focused ultrasound: A demonstra-
tion of feasibility and enhanced doxorubicin delivery.

104



J Control Release. 2018; 281: 29-41. doi: 10.1016/j.jcon-
rel.2018.05.005

36. van Vuurden. Van Vuurden group. The Princess
Maxima Center. URL: https://research.prinsesmaxima-
centrum.nl/en/research-groups/van-vuurden-group
[date of access: 31.10.2023].

37. t' Hart E, Bianco J, Bruin MAC, Derieppe M,
Besse HC, Berkhout K, et al. Radiosensitisation by olapa-
rib through focused ultrasound delivery in a diffuse
midline glioma model. J Control Release. 2023; 357: 287-
298. doi: 10.1016/j.jconrel.2023.03.058

38. Mittelstein DR, Ye lJian, Schibber EF, Roy-
choudhury A, Martinez LT, Fekrazad MH, Ortiz M, et al.
Selective ablation of cancer cells with low intensity
pulsed ultrasound. Appl Phys Lett. 2020; 116(1): 013701
doi: 10.1063/1.5128627

39. ZhuL, Altman MB, Laszlo A, Straube W, Zobetri |,
Hallahan Dennis E, et al. Ultrasound hyperthermia tech-
nology for radiosensitization. Ultrasound Med Biol. 2019;
45:1025-1043. doi: 10.1016/j.ultrasmedbio.2018.12.007

40. Schneider CS, Woodworth GF, Vujaskovic Z,
Mishra MV. Radiosensitization of high-grade gliomas
through induced hyperthermia: Review of clinical ex-
perience and the potential role of MR-guided focused
ultrasound. Radiother Oncol J Eur Soc Ther Radiol Oncol.
2020; 142: 43-51. doi: 10.1016/j.radonc.2019.07.017

41. D'’Ammando A, Raspagliesi L, Gionso M, Fran-
zini A, Porto E, Di Meco F, et al. Sonodynamic therapy

Information about the authors

for the treatment of intracranial gliomas. J Clin Med.
2021; 10(5): 1101. doi: 10.3390/jcm 10051101

42. Choi V, Rajora MA, Zheng G. Activating drugs
with sound: mechanisms behind sonodynamic therapy
and the role of nanomedicine. Bioconjugate Chemistry.
2020; 31(4): 967-989.

43. Venter RL. Effects of low intensity bio-reso-
nance focused ultrasound on destroying cancerous
cells: A literature review of low intensity bio-resonance
focused on destroying cells. IAJPS. 2021; 08(05): 125-
144. doi: 10.5281/zenod0.4752632

44, MengY, Pople CB, Suppiah S, Llinas M, Huang Y,
Sahgal A, et al. MR-guided focused ultrasound lig-
uid biopsy enriches circulating biomarkers in patients
with brain tumors. Neuro Oncol. 2021; 23(10): 1789-
1797. doi: 10.1093/neuonc/noab057

45. Zhu L, Nazeri A, Pacia CP, Yue Y, Chen H. Fo-
cused ultrasound for safe and effective release of brain
tumor biomarkers into the peripheral circulation.
PLoS One. 2020; 15(6): €0234182. doi: 10.1371/journal.
pone.0234182

46. Pacia CP, Zhu L, Yang, Yue Y, Nazeri A, Gach M,
et al. Feasibility and safety of focused ultrasound-en-
abled liquid biopsy in the brain of a porcine model. Sci
Rep. 2020; 10(1):7449. doi: 10.1038/541598-020-64440-3

Olga S. Regentova - Cand. Sc. (Med.), Head of the Department of Pediatric Radiation Oncology with oncology beds, Russian Scientific Center of Roentgenoradiology,
e-mail: olgagraudensh@mail.ru, https://orcid.org/0000-0002-0219-7260

Roman A. Parkhomenko - Dr. Sc. (Med.), Leading Research Officer at the Laboratory of Radiation Therapy and Complex Methods for Cancer Treatment, Russian Scien-
tific Center of Roentgenoradiology; Professor at the Department of Oncology and Radiology, Peoples’ Friendship University of Russia named after Patrice Lumumba,
e-mail: mailbox@rncrr.ru, https://orcid.org/0000-0001-9249-9272

Oleg I. Shcherbenko - Dr. Sc. (Med.), Chief Research Officer at the Laboratory of Radiation Therapy and Complex Methods for Cancer Treatment, Russian Scientific
Center of Roentgenoradiology, e-mail: mailbox@rncrr.ru, https://orcid.org/0000-0003-0786-5448

Fedor F. Antonenko - Dr. Sc. (Med.), Professor, Corresponding Member of RAS, Head of the Laboratory of Radiation Therapy and Complex Methods for Cancer Treat-
ment, Russian Scientific Center of Roentgenoradiology, e-mail: antonenkoff@yandex.ru, https://orcid.org/0000-0001-5900-6755

Natalia I. Zelinskaya - Cand. Sc. (Med.), Senior Research Officer at the Laboratory of Radiation Therapy and Complex Methods for Cancer Treatment, Russian Scientific
Center of Roentgenoradiology, e-mail: natzelinskaya49@mail.ru, https://orcid.org/0009-0000-5380-2056

Nelly Sidibe - Radiation Oncologist at the Department of Pediatric Radiation Oncology with oncology beds, Russian Scientific Center of Roentgenoradiology,
e-mail: nellysidibe@rmcrr.ru, https://orcid.org/0000-0002-5556-0166

Pavel V. Polushkin - Cand. Sc. (Med.), Radiation Oncologist at the Department of Pediatric Radiation Oncology with oncology beds, Research Officer at the Labora-
tory of Radiation Therapy and Complex Methods for Cancer Treatment, Russian Scientific Center of Roentgenoradiology, e-mail: ppolushkin.93@mail.ru, https:/orcid.
0rg/0000-0001-6661-0280

Vladimir A. Solodkiy - Dr. Sc. (Med.), Professor, Member of RAS, Director, Russian Scientific Center of Roentgenoradiology, e-mail: mailbox@rncrr.ru, https://orcid.
0rg/0000-0002-1641-6452

Authors’ contribution

Regentova O.S. - conception and design of the study; data collection and analysis; final approval for publication of the manuscript.
Parkhomenko R.A. - collecting and analysing information; writing a text.

Shcherbenko O.l. - collecting and analysing information.

Antonenko FF. - collecting and analysing information.

Zelinskaya N.I. - collecting and analysing information.

105
Oncology




ACTA BIOMEDICA SCIENTIFICA, 2024,Vol. 9, N 1

Sidibe N. - collecting and analysing information.
Polushkin PV. - text editing.
Solodkiy V.A. - concept and design of the study.

106

Oncology



ACTA BIOMEDICA SCIENTIFICA, 2024, Vol. 9, N 1

POST-CASTRATION SYNDROME: RELEVANCE, IMPACT ON QUALITY OF LIFE,
METHODS OF CORRECTION

Ziganshin A.M., ABSTRACT
Tagirov M.R.,
Baboyan D.O. Aspects of modern medicine cover a huge number of diseases, including post-cas-

tration syndrome, which occurs as a result of endocrine testicular dysfunction
in men. The relevance of this condition is great, since it is caused by many reasons
and is the basis for an inferior life in men. The review shows the impact of this disease
on the quality of life and the methods for its treatment. When writing this review,
we used data on castration methods and its correction based on materials published
in the eLibrary and PubMed databases. The search was carried out using the key-
words: “castration’; “post-castration syndrome’, “prostate cancer” With castration,
there is a decrease in serum testosterone levels, as androgens stimulate the growth
of prostate cancer. Today, hormone therapy is an alternative to castration in the treat-

ment of prostate cancer. Surgical castration is the gold standard; it can suppress tu-
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with testosterone deficiency is clinically associated with the development of meta-
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in men on their body, which increases the risk of stroke, depression, cognitive disor-
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PE3IOME

Acnekmel cogpeMeHHOU MedUYUHbI 0X8aMbIBAOM 02POMHOE Kou4ecmaso 3abore-
8aHut, 8 MoOM 4uc/ie NOCMKACMpPAayuoHHbIU CUHOPOM, 803HUKarOWuUl 8 pe3ysibmame
SHOOKPUHHOU OUCYHKYUU AUYEK Y MYXHYUH. AKmyanbHOCMb OGHHO20 COCMOAHUSA
8e/IUKd, MAkK Kak OHA 803HUKdem 8c/iedcmaue MHO2UX NPUYUH U A8/1Aemcs 0CHO8d-
HueMm 071 HeNnoJIHOUeHHOU XU3HU Y MyX4UH. B 0630pe noKasaHo 8ausHuUe 0aHHO20
3a60/1e8aHUA HA KAYeCMB0 XU3HU U MemoObl e20 mepanuu. [pu HanucaHuu OaH-
HO020 0630pa bblIU UCNOJIb308AHbLI OAHHBIE O Memodadx Kacmpauuu u eé Koppekyuu
no mamepuanam, onybuko8aHHeiM 8 6azax elLibrary u PubMed. lMouck nposodusnca
No K/1104esbiM C/TI08AM: «<KACMPAYUS», <NOCMKACMPAYUOHHbIU CUHOPOM», «pdK Npeo-
cmamenbHoU xenesel». [Ipu kKacmpayuu Habddemcs CHUXeHUe yposHs mecmo-
CMepPoHa 8 CbIBOPOMKe, MAK KAk dHOpo2eHbl CMUMYJIUpylom pocm paka npedcma-
mesbHoU Xene3bl. Ha cez00HA 20pMOHANIbHAA mepanus A8/5emcs aslbmepHamusou
Kacmpayuu npu siedyeHuU nayueHmos ¢ pakom npedcmamesbHol xesesbl. Xupyp-
2uYecKkas Kacmpayus Aes8emcs «30/10mMbiM CMAaHOApmMomy»; ¢ eé NOMOWbI0 MOXHO
nodasume nposugepayuo onyxosessix K1IemMok U UHOYyuposames anonmaos onyxo-
JlU, HO OHa 8bI3bl8deM 3HAYUMeJIbHble HaPYWeHUs Kayecmad Xu3Hu. B mamepuane
npedcmassieHbl Xapakmepucmuka JieKapcmeeHHbIX Npenapamos, NOKAa3aHus, npo-
musonoKazaHus u nobo4Hsle 3chhekmsbl om NposoduMoli 20pMOHAIbHOU mepanuu.
Kauecmeo Xu3Hu My»4uH ¢ deghuyyumom mecmocmepoHa K/TUHUYeCKU C8A3AHO C pas-
sumuem MemaboIu4ecKko20 CUHOPOMA, NPOABAAIWUMCA OXUpPeHUeM, Cmeamo30om
neyeHu u caxapHeiM ouabemom 2-20 mund. MHo204uc/1eHHble Ucc1e008aHUS omeye-
CMBeHHbIX U 3apybexHbix y4éHbix No0meepXxoarm 8/usHUE KACMpayuu y MyXyuH
Ha op2aHu3M, npu KOMOPOM NOBbILAeMCa PUCK passumus UHCysbma, denpeccuu,
KO2HUMUBHbIX paccmpolicma u 6osne3Hu Anbyeetimepa. Takum ob6pasom, HecMomps
Ha 3Ha4umesibHble ycnexu cospeMeHHoOU MeOUYUHbl 8 mepanuu 3/10Ka4ecmeeHHbIX
3abonegaHuli npedcmamesibHOU Xese3bl NOCMKACMPAyUuoHHbIU CUHOpOM ocmaém-
€A 00 KOHUA He u3y4eHHoU npobsieMol, Ymo ceudemesnibcmayem o Heobxooumocmu
OanbHeliwez0 Uly4yeHUsA U pazpabomku 3¢hhekmusHbix cpedcmes mepanuul.

Knioueeble cnoea: pak npedcmamesnibHOU Xese3bl, paK sUYKd, OpXUSKMOMUS,
NOCMKAcmMpayuoHHbIl CUHOPOM, KACMPAYus

Ona untuposBaHus: 3uraHwuH A.M., Tarnpos M.P,, ba6osaH [1.0. [MocTKacTpaLOHHbIN CUH-
OPOM: aKTyanbHOCTb, BNAHME HA KaueCcTBO »KU3HU, MeTofbl KoppeKuun. Acta biomedica
scientifica. 2024; 9(1): 107-115. doi: 10.29413/ABS.2024-9.1.11
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INTRODUCTION

Post-castration syndrome (PCS) in men is a symp-
tom complex characterised by endocrine, metabolic
and neuropsychiatric disorders that develops as a conse-
guence of endocrine dysfunction of the testicles as a re-
sult of surgery, trauma, disease, radiation and tissue de-
struction after infectious diseases. Cancer ranks second
in the mortality structure, behind cardiovascular diseas-
es, and is responsible for up to 11 % of all deaths world-
wide. Each year, 18.1 million people get cancer and 9.6
million of them die; thus, 27,000 people die of cancer
per day. According to Rosstat (Russian Federal State Sta-
tistics Service), in 2018, 41.1 men per 1,000 people aged
16 to 59 years died from malignant neoplasms (96.2
men per 100,000 population); despite a slight decrease
in 2019 (respectively to 38.8 and 91.9 men), in gener-
al, the number of cases of this pathology does not tend
to decrease [1, 2].

All endocrine glands are susceptible to neoplastic
growth, but the health effects of these neoplasms are di-
verse. Pituitary tumors are widespread and the vast majori-
ty of cases are benign, but are characterized by a wide range
of different effects on the body. Prolactinomas, by causing
an increase in prolactin concentration in the blood, ex-
ert their influence on the function of the sexual glands
through the hypothalamus, contributing to the develop-
ment of hypogonadotropic hypogonadism. Microprolac-
tinomas are most common in women, causing infertility
and menstrual irregularities (secondary amenorrhea),
while in men, on the contrary, macroprolactinoma is more
frequently observed [3].

The prevalence of urogenital injuries in peacetime
is 1-3.5 % of the total number of cases, of which 35-60 %
is injuries involving the kidney and 30-41 % involve
the scrotum and other parts of the genital organs. A sig-
nificant proportion of the PCS patient population is pros-
tate cancer (PC), which is the leading cause of death
in men. Globally, 1.6 million men are diagnosed with PC
each year with 366,000 men (22.88 %) dying. Numerous
literature data reveal a significant reduction in the qual-
ity of life of men, indicating the need for ongoing reha-
bilitation in them. In the structure of cancer morbidity
in men in the Russian Federation PC occupies the 4%
place, and over the last 10 years the incidence has in-
creased more than 2-fold, and its growth rate is currently
the highest among all cancer diseases in males [4].

PC has the highest prevalence in developed coun-
tries; for example, the probability of diagnosis at age
79 years is 1:47 in countries with a low and/or medium
socio-demographic index. In the US, PC is the leading
cause of PCS morbidity and mortality; an estimated
180,890 new cases were diagnosed in 2016. The ratio
of morbidity to mortality varies considerably around
the world, with the highest ratio in North America (10:1),
a lower ratio in Australia (2:1), and almost the same
in some Caribbean countries and parts of Africa (1.2:1).
The ongoing radical treatment of PC can have a negative
impact and cause not only disorders of urinary function,
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bowel function, sexual dysfunction, but also quality
of life, which makes specialists think about the search
for new methods of therapy.

Despite its high incidence, prevalence and duration,
this type of cancer has the highest 5-year survival rate,
accounting for 25 % of all cases.

Other reasons for the development of PCS are testic-
ular trauma caused by sex reassignment surgeries, con-
genital malformations and anomalies, other oncolog-
ical, somatic diseases and complications from surgical
interventions. The use of Student’s criterion is recom-
mended to estimate the incidence and statistical treat-
ment of the injury number in the United States, which
allows for the collection of clinical and anamnestic pa-
tient data that includes age, gender, and comorbidities
at the pre-hospital stage. Pre-hospital comorbidities
included cardiovascular insufficiency, arterial hyperten-
sion, peripheral vascular disease, myocardial infarction,
bad habits (smoking, alcohol), renal failure, pulmonary
disease and cerebral circulatory disorders. Injury pro-
file information included a scale to assess the severity
and mechanism of injury.

Any injuries to the kidneys, urinary bladder, urethra,
ureter, adrenal glands, penis, pelvis, spine and head
injuries were also included in the study. An analysis
of scrotal and testicular injuries in US patients revealed
that among 8030 patients, only 19 (0.23 %) had scro-
tal/testicular injuries, of which only 8 (44.6 %) cases
were due to blunt trauma. In this case, the penetrating
mechanism of injury occurred in 50.5 per cent of cas-
es, and the most frequent cause (75.8 %) was assault
with a firearm. The mean age of the patients was 31+ 3.6
years. The majority of patients (74.5 %) had an isolated
injury to the scrotum or testis, which required opera-
tive treatment to repair the rupture in 48.3 % of cases
(37.3 %). One of the causes of testicular injuries was
in cases where patients were involved in motorbike
accidents; in this group, scrotal/testicular surgery was
performed in half of the cases (48.3 %), but the most
common surgical procedure was correction of scrotal
or testicular rupture (in 37.3 % of cases) followed by uni-
lateral orchiectomy in 23.4 % of cases [5].

Abroad, due to certain psychological and physio-
logical factors, surgeries are often performed for cos-
metic purposes: for example, sex reassignment surgery
for transgender women. Gender dysphoria is a condition
in which a person’s sex assigned at birth and the gender
with which they identify are not compatible. The Amer-
ican Society of Plastic Surgery’s annual report of spe-
cialists revealed that 1,759 transfeminine and 1,497
transmasculine surgeries were performed among pa-
tients who underwent gender confirmation in 2016,
an increase of 27 % and 10 %, respectively, compared
to 2015. A recent survey of nearly 28,000 transgender
people revealed that among people who were assigned
female sex at birth, 21 % had undergone breast recon-
struction surgery, 8 % had a hysterectomy, 1% had a me-
toidioplasty, and 1 % had a phalloplasty. Among those
classified as male at birth, 10 % underwent vaginoplasty
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or labioplasty, 9 % underwent orchiectomy, 8 % under-
went augmentation mammoplasty, and 6 % underwent
facial surgery [6-8].

It is not uncommon to develop PCS with testicular
torsion, a situation that is an acute urological emergen-
cy affecting 1in 4,000 men under the age of 25. It results
from the rotation of the spermatic cord, where the ro-
tation and subsequent narrowing of the artery leads
to ischaemia, causing damage to the testicular tissue,
which is also a condition requiring emergency surgi-
cal care. Ultrasound testicular sonography in this case
is the basis for assessing blood flow and the severity
of vascular changes in order to decide whether to pre-
serve the organ [9].

Surgery for congenital anomalies and malforma-
tions with undescended testis (ICD-10: Q53.9) is a situ-
ation in which orchiectomy may also be required; it oc-
curs when the testicles are located in the abdominal
cavity and need to be surgically transferred to the scro-
tum. If the damage is irreparable, the surgeon may ex-
tirpate one or both testicles, so a thorough chiroprac-
tic examination is necessary to rule out medical errors.
To achieve this, after laying the patient down, warm fin-
gers should be used to palpate the organ from the pro-
jection of the inguinal canal to the pubis in the supine
position of the patient. The groin, scrotum, inner thigh,
femur, perineum and penile region should also be pal-
pated to reveal an ectopic testis. Visualising studies (ul-
trasound) may influence the treatment tactics and di-
agnostic laparoscopy is unavoidable to independently
evaluate the results [10, 11].

Hormone therapy (HT) has significant advantages
over surgical castration (SC) as it can be administered
in short or long courses, but it also has adverse effects
on the body - it can cause decreased muscle mass, sex-
ual dysfunction, physical weakness, psychological trau-
ma and reduced quality of life (QOL). Adverse metabol-
ic effects of HT are often associated with an increased
risk of cardiovascular and neuropsychiatric disease.
Immediate symptoms in locally advanced and/or met-
astatic cancer include: pain, hypercalcaemia, spinal
cord compression and pathological bone fractures,
which also have a negative impact on general health.
Therefore, conservative therapy in patients with PC
can improve QOL, preserve and restore urinary, defe-
cation and genital functions [2].

MATERIALS AND METHODS

Data on PCS, methods of its correction published
in eLibrary, PubMed databases were used to write this
review. The search was performed by keywords: “cas-
tration”, “post-castration syndrome”, “prostate cancer”.
As a result of detailed source validation, 60 articles in-
cluded in the review were selected directly for citation
to be used for the study.

Castration is defined as “the deprivation of (male

animal or human) testicles” and has distant roots.

u u
7
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Surgical castration by orchiectomy (removal of the tes-
ticles) was often performed in ancient China. A study
of eunuchs in China revealed that castration resulted
in 21 of 26 men having little or no prostate gland palpa-
bility, suggesting that androgens need to be constant-
ly present throughout of life for the gland to function.
Disappearance (reduction in size) of the prostate can
be functional (after castration) and age-related, when
there is a natural shrinkage of the testicles. Castration
today can be performed surgically and chemically [12].

Lack of androgenic stimulation of tumour cells
by surgical or pharmacological castration leads to sup-
pression of their proliferation and induces tumour
apoptosis. Surgical castration is the «gold standard»
against which all other HT methods are compared;
removal of the testicles after 24 hours reduces serum
testosterone levels to minimal levels. Today orchiecto-
my is no longer the main method of treatment, mainly
because of public opinion, which considers this meth-
od barbaric, capable not only of changing the appear-
ance, but also of having a pronounced psychological
impact since the procedure is irreversible. The only
advantages of this method are simplicity of execution,
cheapness and lack of complications, but this meth-
od is not popular among patients because of the pro-
nounced negative psychological effect of the opera-
tion and irreversibility of the process. Pharmacological
castration, therapy with luteinising hormone-releasing
hormone (LHRH) agonists — analogues of natural hu-
man LHRH that achieve reversible medical castration
and antiandrogens, which have the ability to pro-
duce maximal androgen blockade and intermittent
androgen suppression, are increasingly used for this
purpose. However, despite the variety of existing ap-
proaches and the vast clinical experience with HT, no
«ideal» method of androgen deprivation has yet been
found. Recently, new groups of drugs for HT of PC
- LHRH antagonists - have appeared on the phar-
macological market [13-15]. With this type of castra-
tion, there is a decrease in serum testosterone levels,
as androgens are known to stimulate prostate cancer
growth; therefore, HT can be used to treat patients
even with late diagnosed PC [16, 17].

One type of HT is androgen-deprivation therapy
(ADT); in men with metastatic PC, it induces an antitu-
mour response and “improves malignancy-associated
bone metabolic abnormalities”. ADT can be prescribed
for varying lengths of time and can be combined
with remote radiation therapy or brachytherapy (in-
terstitial irradiation). The course of HT usually depends
on the disease, side effects, complications and contra-
indications accompanying the therapy, ability to alter
testosterone and estrogen levels in men. Several dif-
ferent types of HT exist today, consisting of chemical
and surgical means. Chemical castration is performed
by three groups of pharmacological agents [18, 19].

The first type includes LHRH agonists or antago-
nists; LHRH agonists sometimes can cause “testoster-
one flares” that can be avoided with antagonists. LHRH



agonists include leuprorelin, goserelin, and triptorelin;
LHRH antagonists include degarelix, CYP17 inhibitors,
and abiraterone [20].

The second group includes antiandrogens, which
are involved in blocking the effects of androgens directly
on cells, usually through blockade of the androgen re-
ceptor itself. These include flutamide, bicalutamide, ni-
lutamide, enzalutamide, apalutamide and darolutamide.
These oral medications are divided according to their
chemical structure into steroidal (cyproterone, megestrol
and medroxyprogesterone) and non-steroidal or pure
(nilutamide, flutamide and bicalutamide) [21, 22].

The third group includes preparations of female
sex hormones - estrogens. Estrogens act through
a feedback mechanism, shutting down the production
of androgens and indirectly reducing testosterone
levels. The main side effect associated with estrogen
administration is that its high activity (due to the pres-
ence of estrogen receptors on platelets) can lead to se-
rious or even fatal venous thrombosis (VTE) [21].

The main advantages of ADT are that the thera-
py results with a reduction in testosterone levels that
is rapid and effective, non-surgical, reversible and has
the option for oral or subcutaneous administration, un-
like current chemotherapy drugs administered intrave-
nously. However, the side effects resulting from HT are
significant and can often lead patients to discontinue
its use or use it intermittently. The main limitations are
hot flashes, loss of libido, fatigue, osteoporosis, erec-
tile dysfunction and more. One of the biggest limita-
tions to the use of HT is the fact that disease recurrence
with the development of castration-resistant prostate
cancer (CRPQ) is often observed after HT [22, 23].

Long-acting LHRH analogues have become the main
form of HT in PCS. The drugs are synthetic analogues
of LHRH, mainly administered as depot injections once
every 1, 2, 3, 6 or 12 months. After a single dose, they
stimulate LHRH receptors, causing a transient increase
in LH and follicle-stimulating hormone (FSH) release.
This in turn causes an increase in testosterone synthe-
sis (“waves” of testosterone or a “flash” effect) that be-
gins 2-3 days after the first injection and lasts for about
one week. The “flash” effect can lead to potentially del-
eterious effects and is manifested by increased bone
pain, acutely developing infravesical obstruction, post-
renal renal failure, spinal cord compression, and fatal
cardiovascular complications associated with a state
of hypercoagulability. The risk of developing clinical
“flash” events is increased in patients with symptomatic
large-volume bone metastases. Concomitant therapy
with antiandrogens reduces the frequency of clinical
“flashes” but does not completely exclude the possibil-
ity of their occurrence [24, 25].

LHRH antagonists are able to bind immediately
to LHRH receptors in the anterior lobe of the pituitary
gland.Thisresultsin arapid decreasein LH, FSH and tes-
tosterone levels without the development of “flashes”,
which improves therapy outcomes and compliance
on the part of patients. The lack of long-acting depot
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forms is considered a disadvantage and a practical lim-
itation to the use of the drugs, as only monthly admin-
istration formulations are currently available [26].

One of the drugs in this group is the LHRH an-
tagonist Degarelix, which is administered subcutane-
ously once a month. The standard dose of Degarelix
is 240 mg for the first month, followed by 80 mg
monthly thereafter. The indication for this drug is ad-
vanced hormone-dependent PC; side effects include
decreased libido, headaches, depression, nausea, di-
arrhoea, muscle pain, increased sweating, increased
urination, and anaemia, which should be considered
when prescribing the drug [27].

The group of steriod inhibitors of CYP17 enzyme in-
cludes the drug Abiraterone, which is used for the treat-
ment of metastatic castration-resistant prostate cancer
(in combination with prednisolone). Side effects include
urinary tract infections, hepatotoxicity, arterial hyper-
tension, dyspepsia, and peripheral oedema [28].

Steroidal antiandrogens are synthetic deriva-
tives of hydroxyprogesterone. Side effects develop
when prescribing drugs of this group develop sec-
ondary to a decrease in testosterone levels (gyneco-
mastia is quite rare), and non-pharmacologic include
cardiovascular complications (4-40 % for cyproterone)
and hepatotoxicity. Ciproterone is usually prescribed
in a regimen of two or three times 100 mg; the indi-
cation for its prescription is the correction of patho-
logical abnormalities in the field of sexual behavior
(if it is necessary to reduce sexual activity), metasta-
sizing or inoperable cancer. Side effects include gyne-
comastia, weight change, depression, fatigue, cough,
and dyspnea [29, 30].

Nonsteroidal antiandrogens do not inhibit tes-
tosterone secretion; therefore, libido, general physical
well-being, and bone mineral density (BMD) are pre-
served during antiandrogen therapy [31, 32]. However,
nonpharmacologic side effects may be observed when
prescribing drugs of this group: visual disturbances
(delayed adaptation to darkness), alcohol intolerance,
nausea, hepatotoxicity and interstitial pneumonia
(sometimes fatal) and headache [33, 34].

Estrogens reduce testosterone levels, but their use
causes severe side effects in the form of thromboem-
bolic complications even at the lowest possible doses,
so this group is not considered for therapy [35, 36].

The assessment of QOL in men with testosterone
deficiency revealed a clinical association with the for-
mation of metabolic syndrome, which is manifested
by the development of obesity, liver steatosis and type
2 diabetes mellitus. Evidence for this comes from ex-
perimental studies on male rats, confirming the effects
of testosterone deficiency caused by castration
and the development of body obesity. Numerous stud-
ies by domestic and foreign scientists confirm the ef-
fect of castration in men on their body, which increas-
es the risk of stroke, depression, cognitive disorders
and Alzheimer’s disease. In contrast, men who are
castrated before puberty retain prepubertal features
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such as a high voice and lack of facial vegetation; when
castration is performed after puberty, facial vegetation
and a low voice are retained, but men experience phys-
ical changes such as loss of body hair, some gynaeco-
mastia and reduced penile size. Side effects of castra-
tion can be observed in long-term use of LHRH agonist,
when in addition to feminising signs there is weight
gain of up to 10 %, mainly due to fat in the abdomen
and thighs, loss of muscle mass by 3-4 % on average,
mild anaemia, osteoporosis, hot flashes. At the same
time, more than 85 % of men with androgen deficien-
cy report decreased libido and erectile dysfunction.
In the differential diagnosis, depressive disorders in PC
patients who have undergone SCand are deprived of an-
drogen exposure are difficult to distinguish from those
with ineffective cancer therapy and aging [37-40].

Depressive disorders in patients with cancer can
have a range of negative effects, which include in-
creased risk of suicide, reduced quality of life, reduced
life expectancy, poor patient compliance and in-
creased length of stay in oncology hospital. There have
been several studies where it is found that single
and unmarried men have a 65 % chance of commit-
ting suicide. And the probability of suicide is the high-
est in the group of patients diagnosed earlier, which
is probably associated with an increase in the du-
ration of the impact of risk on the patient’s psyche.
Other important factors influencing the frequency
of depressive disorders include: somatic diseases de-
pending on the degree of severity; complications as-
sociated with mono- or multi-organ lesions of organs
and systems, side effects of drugs (cytostatics, hor-
monal agents, radiation therapy, etc.).

The stage of cancer has a significant impact
on the frequency and severity of depressive disor-
ders. Some of the risk factors for the development
of depressive disorders are the severity and traumatic
nature of the surgical procedure during surgical treat-
ment. Most often it is represented by polymorphic
fears and nosophobia formed against the background
of persistent hypothymia (depression, pessimistic as-
sessment of future prospects), which are closely related
to the situation of cancer [41, 42].

Different changes in emotional behaviour have
been reported in men and transsexuals who have
transitioned from male to female. Despite gender
reassignment, men have a difficult time dealing
with the onset of changes in appearance that are not
always appropriate and affect their ability to function
sexually. Many studies show that the physical and psy-
chological effects of ADT are severe, leaving patients
powerless to cope with depression, cognitive impair-
ment, and dramatically reduced QOL. With reduced
libido, many subsequently refuse sex, love and physi-
cal contact from their partners. They are embarrassed
by the changes in appearance, deeply worried and do
not want to discuss this topic, even with doctors, which
leads to frustration and depression in partners, and later
- to the breakdown of marital relations [43-45].
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At the same time, the clinic of PCS development
varies significantly depending on age. When compar-
ing patients castrated for PC and voluntary eunuchs,
the latter reported higher levels of sexual interest
despite being on average two decades younger than
the cancer patients. From the perspective of both
groups, their self-rated physical health was clear-
ly higher than that of the PC patients, also helped
by the fact that they were not burdened by a cancer di-
agnosis. Nevertheless, these data suggest that the bi-
ological factors mentioned - age, health, hormones,
and psychological expectations - also affect sexual-
ity in androgen-deprived men. That said, it is worth
noting that eunuchs in history have had higher QOL,
which depended on cultural norms, time and place
of residence.

Voluntary eunuchs had higher levels of mental
health and social interaction, with at least 49 % re-
porting major or minor depression prior to castration,
and only 38 % reporting depression after castration,
indicating stress. Studies conducted abroad confirm
that only 17 % of eunuchs who underwent SC cite their
desire to be a woman as the main reason, while 15 %
stated that they used this method to give pleasure
to their partner. Voluntary eunuchs have one thing
in common with PC patients — they hide from prying
eyes, and few are able to talk openly about their cas-
trated status in everyday life. However, only 8 % of sur-
gical eunuchs report that they have had this surgery
performed against the opinion of their closest friends,
relatives and family members. All this suggests that
most castrated individuals conceal their morphologi-
cal and emotional colouration for fear of humiliation
in society [46-49].

Thus, despite significant advances in modern
medicine in the therapy of malignant prostate can-
cer, post-castration syndrome remains an understud-
ied problem. The analysis of the material indicates
the need for further study and development of new
quality drugs that can influence the course of the ma-
lignant process and at the same time have little effect
on the quality of life. The development of drugs capa-
ble of medically correcting androgen deficiency in pa-
tients is important in order to eliminate possible phys-
ical and psychological changes, to improve the quality
of life and health status of patients suffering from ma-
lignant disease.
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ABSTRACT

Background. Melatonin is an endogenous regulator of intraocular pressure (IOP),
but its effectiveness as a drug for glaucoma treatment is limited.

The aim of the study. To develop and to validate a virtual screening method to identify
bioisosteric analogs of melatonin that are promising for study as agents that reduce
intraocular pressure.

Results. A database containing structural and experimental affinity information
for 48 individual reference compounds was created. Risk assessments for mutagenic,
carcinogenic, irritant and reproductive toxicity were performed in DataWarrior based
on substructural analysis and identification of fragments that are markers of relevant
toxicity. A virtual screening of 2457 structures was carried out and 25 compounds
from the selected ones were experimentally studied for their effect on intraocular
pressure (IOP) in intact rats. 10 of the 25 prioritized compounds were found to sig-
nificantly reduce IOP; compound RU-398 reduced IOP by 40 %, K-165 — by 40.9 %,
and RU-615 reduced glaucoma by 33.3 %.

Conclusion. The effectiveness of virtual screening after experimental validation
was 40 %. The identified active compounds are promising for further study and de-
velopment as the agents for the treatment of glaucoma.

Key words: isostere, melatonin, glaucoma, intraocular pressure, virtual screening
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PE3IOME

O6ocHosaHue. MeniamoHUH A8/19emcs SHOO02eHHbIM pe2ysIimOopPOM 8HYyMpPU/Ia3HO-
20 0asneHus (BIL]), Ho 3¢hpekmusHOCMb €20 npuMeHeHUs 8 Kayecmeae JieKapcmeeH-
HO020 cpedcmea npu 21ayKome 02paHUYeHa.

Llens uccnedosanus. Paspabomka u eanudayus memood 8upmyasnbHO20 CKPUHUH-
2a 0514 8blAseHUA 6UOU30CMepuUYecKUX aHaI0208 MesIaMOHUHA, NepCcneKMuUBHbIX
0/14 U3y4eHUA 8 Kayecmeae cpedcme, CHUXAroWUxX 8HympuzaasHoe 0dasreHue.
Pe3ynemamel. beinia co30aHa 6a3a 0aHHbIX, cO0epxauds UHPOpMayuto o Cmpykmy-
pe U 3KcnepumMeHmasibHOM cpoocmae 48 omoesibHbIX SManoHHbIX coeduHeHul. OueHKa
pucka MymazeHHoU, KaHyepoz2eHHoU, pasopaxatroujeli U penpodyKmueHOU MOKCUYHO-
cmu 6bis1a 8binosiHeHa 8 DataWarrior Ha ocHoge NoOCMpyKMypHO20 aHAAU3Ad U UOeH-
mugukayuu pazmeHmos, Komopele A8NAIOMCA Mapkepamu coomeemcmayroweli
mokcuyHocmu. beln nposedéH supmyaneHbil cKpuHuHe 2457 cmpykmyp u 25 coeduHe-
HUl U3 Yuc1a omobpaHHbIX bbIIU SKCNEPUMEHMAbHO U3yyYeHbl Ha hpedMmem Ux 8/1u-
AHUA Ha BI] y uHmakmHeix Kpeic. buino obHapyxeHo, ymo 10 us 25 npuopumusupo-
BAHHbIX COROUHEHUU CNOCOBHbI 3HA4UMO cHUXame BI]; coeduHeHue RU-398 cHuxano
yposeHb B[] Ha 40 %, K-165 — Ha 40,9 %, a RU-615 cHuxasno anaykomy Ha 33,3 %.
3aknoyeHue. Pe3ysibmamusHOCMb 8UPMYAIbHO20 CKPUHUH2A NOC/1e SKCnepuMeH-
mansHou eanudayuu cocmasuna 40 %. BvisgneHHble akmusHble coeOUHeHUA A8A-
tomca nepcnekmusHsiMU 0/19 0d/ibHeliwez0 U3yyeHUs U paspabomku 8 Kkadecmese
cpedcme 0714 Ie4eHUs 271ayKOMbI.

Knioyeeswie crnoea: uzocmep, MelamoHUH, 21dyKoMa, 8HympuaiasHoe 0dsfieHue,
8UPMYAsIbHbIU CKPUHUH2

Ona uyutupoBaHua: babkos [.A, TapaH A.C., LeBuyeHko A.A. HameHko J1.B., Mykos-
ckaa O.H., Edpemos A.M., bescoHoBa E.H., JlosnHckaa H.A., Cnacos A.A. BupTanbHbii
N 3KCMepUMEHTaNIbHbI CKPUHUHT HOBbIX 61OM30CTEePOB MEeNaToOHVHA ANA NedyeHus
rnakombl. Acta biomedica scientifica. 2024; 9(1):116-128. doi: 10.29413/ABS.2024-9.1.12
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INTRODUCTION

Glaucoma is a multifactorial chronic progressive op-
tical neuropathy characterised by damage to the optic
nerve and retinal nerve fibre layer, which can lead to irre-
versible loss of peripheral or central vision [1]. Currently,
glaucomaiis a collective term for a group of neurodegener-
ative processes affecting the entire visual pathway, charac-
terised by progressive, irreversible destruction and death
of retinal ganglion cells [2].

One promising class to look for antiglaucoma drugs
is melatonin analogues. Melatonin is the hormone respon-
sible for regulating circadian and seasonal rhythms. This
molecule was first discovered and described in the pineal
gland, but it is now known to be synthesised in many tis-
sues of the body, including the eye and ocular structures,
particularly the retina, iris, ciliary body, lens and lacrimal
gland, where it regulates important processes. Its effect
on intraocular pressure (IOP) is mediated through MT,,
MT, and the putative melatonin receptor MT, located
in the ciliary body, resulting in a decrease in chloride out-
flow from non-pigmented epithelial cells by increasing cy-
clicadenosine monophosphate. A decrease in this outflow
causes a decrease in the production of aqueous moisture
and finally a decrease in 10P [3].

The search for new melatonin analogues with greater
metabolic stability and duration of action is an active area
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FIG. 1.

Melatonin and some of its bioisosters
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of ongoing study. Compounds of various structures with af-
finity for melatonin receptors have been described [4].

THE AIM

To develop and to validate a virtual screening meth-
od to identify bioisosteric analogs of melatonin that are
promising for study as agents that reduce intraocular
pressure.

METHODS

Compliance with Ethical Standards

The experimental work was carried out in accordance
with the requirements of GOSTISO/IEC 17025-2009, GOST
R ISO 5725-2002 and the rules of laboratory practice
in conducting preclinical studies in the Russian Federa-
tion in accordance with GOST R 33044-2014 ‘Principles
of Good Laboratory Practice’ and Order of the Ministry
of Health of the Russian Federation N2 199n dated April
1, 2016 «About the approval of the rules of good labora-
tory practice», in compliance with Directive 2010/63/EU
of the European Parliament and Council of the European
Union of September 22, 2010 concerning the protection
of animals used for scientific purposes.

4P-PDOT

Agomelatine



Data preparation
In the preparation of the structure database of com-
pounds available for study, duplicates, salt residues were
removed and structures were standardised. A database
containing 2457 investigated compounds was created.

Reference structures
Information from the [IUPHAR pharmacological database
was used as a source of validated ligands with affinity for hu-
man type 1 and type 2 melatonin receptors (MT, and MT) [5].

Molecular properties calculation

For each compound, characteristics related to drug
similarity were calculated, including molecular weight M,
lipophilicity index ClogP, number of donors and acceptors
of hydrogen bonds H, ~andH___ ., number of halogen
ptors

atomsN, ., number of heavy atoms N, _ , polar surface

gens’ heavy’

area PSA (polar surface area). All the described calculations
were performed using the OSIRIS DartaWarrior program

(Idorsia Inc., Switzerland) [6].

Assessment of substructural markers
of specific toxicity
Risk assessment of mutagenic, carcinogenic, irritant
properties and reproductive toxicity was performed in Da-
taWarrior based on substructural analysis and identifica-
tion of fragments known to be markers of relevant types
of toxicity.

DrugScore integral measure of drug eligibility

DrugScore is an integral index including substructural
drug similarity, lipophilicity, solubility, molecular weight
and risk of specific toxicity (carcinogenicity, mutagenicity,
local irritant and reproductive toxicity). The calculation
was performed according to [6].

Calculation of corneal permeability to compounds
The calculation of the corneal permeability index
for LogPapp compounds was performed according to two
previously published QSAR models [7, 8] using Egs:

LogPapp, = -4,002 - 0,169 x (H
+ 0,265 X LogP;

)

acceptors —donors

LogPapp, = 4,6823 - 0,767 x (Log(PSA)) - 0,1346 x H
+3,0024 x N /N

—halogens

donors

heavy’

LogPapp = (LogPapp, + LogPapp.)/2.

Molecular similarity calculation

DataWarrior Flexophore 3D pharmacophore descriptor
was used as molecular descriptor for molecular similarity
calculation. Computation of the Flexophore descriptor be-
gins by creating a representative set of up to 250 conform-
ers using a self-organisation-based algorithm to construct
small rigid fragments of the molecule, which are then
joined by considering the likely torsional angles. Atoms
of the molecule that could potentially interact with the pro-
tein atoms in some way are then detected and classified.

The extended MM2 atom typing is used to describe at-
oms as interaction points. The Tanimoto coefficient served
as a quantitative metric of similarity between the studied
compounds and the reference compounds. For each com-
pound, the maximum revealed coefficient of molecular
similarity according to the pharmacophore descriptor Max
(Flexophore) was considered.

Calculation of the overall prospectivity index

The integral prospectivity score of compound F was
calculated based on DrugScore, calculated LogPapp cor-
neal permeability and maximum pharmacophore simi-
larity to Max(Flexophore) reference standards converted
between 0 and 1 with the inflection point of the sigmoid
curve atagiven parameter boundary value and curve slope
and parameter weight according to the table and formula
(Table 2):

p= ‘I/[‘I + e(axp+b)].

Intraocular pressure measurement

The study of the effect upon intraocular pressure was
performed on mongrel intact rats of both sexes weighing
220-400 g, aged 2 months (Rappolovo husbandry, Len-
ingrad region). All animals were divided into experimen-
tal and comparison drug groups with 6 animals in each
group. At 9:00 am, baseline IOP in both eyes was measured
in animals of all groups. The veterinary tonometer ICARE
TonoVet (Finland) for early diagnosis of glaucoma in vet-
erinary medicine was used to determine IOP [9, 10]. After
the measurement, the animals of the experimental groups
were instilled with 0.4 % aqueous solutions of the studied
compounds in the volume of 50 pl into the right eye (test
eye). Animals of the comparison drug groups had mela-
tonin (Sigma, USA; pharmaceutical standard) instilled into
the test eye. The left eye (control, collateral eye) served
to determine the possible resorptive effect. Follow-up IOP
measurements in the test and collateral eyes were per-
formed after 60, 120, 180 min.

Data analysis
Chemoinformatic calculations were performed in Da-
taWarrior software (Idorsia Inc., Switzerland). The computa-
tional data processing was performed in RStudio 2022.07.1.
Statistical processing of experimental data was performed
using MS Office software (Microsoft Corp., USA) and Prism
7.0 (GraphPad Software, USA) with Student’s t-test.

RESULTS

Reference compounds

As a result of searching and processing information
of the IUPHAR pharmacological database [5], a database
containing information about the structure and experi-
mental affinity of 48 individual reference melatonin isoster
compounds was created. These structures were subject-
ed to pharmacophore analysis and used as references
in the evaluation of the molecules under investigation
as described below.
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Search algorithm

The general scheme for assessing the prospectivity
of compounds is depicted in Figure 2. In total, the analyzed
database contained 2457 individual compounds (Fig. 3).
The calculated values of physicochemical characteristics
were used to evaluate drug similarity and bioavailability
for topical application as eye drops (Fig. 4, 5). Substructur-
al analysis was used to identify markers of specific toxicity
(Table 1). Compounds were ranked according to the likeli-
hood of mutagenic, carcinogenic, locally irritating proper-
ties and reproductive toxicity into three levels: no risk, low
risk and high risk which was considered in the calculation
of the DrugScore integral drug prospectivity index along
with drug similarity characteristics.

Molecular  pharmacophore  descriptors  served
as descriptors of the molecules when assessing similarity
to reference melatonin receptor agonists; maximum val-
ues were considered (Figs. 3, 5). Compounds that, accord-
ing to at least one descriptor, had similarity to reference
antagonists or inverse agonists of MT, and MT, receptors
were screened out (Fig. 6).

The overall F prospectivity score consisted of the maxi-
mum pharmacophore similarity to the reference standards
(factor weight 1.0), with consideration of DrugScore drug
suitability index (factor weight 0.25) and the calculated
corneal permeability LogPapp (factor weight 0.25) to ac-
count for topical application as eye drops (Table 2). The F
indicator can take values from 0 (minimum prospectivity)
to 1 (maximum prospectivity).

A visualisation of the contribution of pharmacophore
affinity to melatonin analogues and calculated LogPapp cor-
neal permeability to the overall F prospectivity score of is pre-
sented in Figure 7. The compounds with F > 0.85, ranked ac-
cording to the comprehensive prospectivity assessment, are
summarized in Table 3. They are distinguished by a set of fa-
vourable prognostic characteristics: specific types of toxicity
(mutagenic, carcinogenic, locally irritating properties and re-
productive toxicity) are not expected; the calculated perme-
ability of the LogPapp cornea exceeds -5.43; pharmacoph-
ore similarity to the reference compounds ranges from 0.81
t0 0.91, according to the Tanimoto coefficient.

10
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FIG. 3.
Library of analyzed compounds

Database Preparation of standards
(2457 comp.) (48 compounds)
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FIG. 2.

Algorithm for evaluating compounds
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Drug similarity index Pharmacophore similarity to standards
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TABLE 1

RESULTS OF THE SPECIFIC TYPES OF TOXICITY ASSESSMENT FOR THE STUDIED COMPOUNDS

Number of compounds (n)

Type of toxicity high risk low risk no risk
Mutagenicity 204 60 2193
Carcinogenicity 249 84 2124
Reproductive 135 131 2191
Local irritant effect 333 63 2061

TABLE 2

SELECTING THE DECISIVE RULE PARAMETERS

Indicator, p Condition, a Slope of the curve, b Weight, k
DrugScore >0.5 0.1 0.25
LogPapp 25 0.35 0.25
Max(Flexophore) >0.75 1.0 1.0
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TABLE 3

COMPOUNDS WITH MAXIMUM PROSPECTIVITY AND THEIR IOP-LOWERING ACTIVITY

RU-1331

H 0.889 0.895 -20.3 + 3.54%
[Nj
RU-0721
N
< 2 \ 0.724 0.890 -8.9+£9.62
N/

RU-0882

AN
)— 0.732 0.877 -17.2+14.29

RU-0536
2HC

0.860 0.874 ~83+7.54

)
RU-0615

o

Qwé

e 0.751 0.874 -33.3 + 4.40*

H 2HCI

)
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H 0.799 0.873 —-24.5 + 4.44*%

0.743 0.872 -11.9+7.83
2HCI

RU-0255
N
2HCI
H 0.865 0.872 -12.4+8.60
O
RU-0155

0.823 0.871 -25+212

RU-0580b

N
%) - 0.751 0.871 -10.1+1.70
N
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DAB-0021

DAB-0023

Q

N

H 0.677 0.870 -17.3 + 2.40%
O

Q

H 2Ha 0.861 0.870 -20.5+1.43*
N

RU-1332

0.930 0.870 -24.3 + 4.60*

o—
)— 0.751 0.869 -16.7 +£8.33

N

2HCI

OIP-H-0003

0.903 0.866 -5.6
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N
oHal 0.804 0.865 -10.26 + 10.26
N
PN

RU-0398

N/w/%

N
H\ 0.819 0.864 -40.0 £ 4.15*
N/
RU-0354
N
N/)‘ 0.771 0.863 -27.0+5.18*

2HCI \/b
OIP-H-0004

H

N

(o]
\ 0.903 0.862 -26.11+3.15*%
Q N

RU-0514

(e}
v N
)z 0.722 0.862 -25+6.75
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RU-0012

N 0.576 0.861 -6.1+3.09
HCl

RU-1256

Byt
e 0.541 0.858 -15.71£17.93
HCI

RU-0837
N
)%N
N
2HBr
0.909 0.856 -5.8+3.02
N
K-00165
0.298 0.856 -40.9 + 3.52%
OIP-Br-S-1
H
N
o
Br \ 0.734 0.851 -13.8+£9.09

Note. ' is an integral indicator that takes into account drug similarity, solubility, the risk of mutagenic, carcinogenic, irritating properties and reproductive toxicity;
* - p < 0.05 relative to baseline IOP (t-test; n = 6).
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Validation by in vivo experiment

After virtual screening of 2457 structures, 25 selected
compounds with maximum F prospectivity score were
experimentally studied to determine the effect on intra-
ocular pressure of intact rats. 10 compounds were iden-
tified that statistically significantly reduced the IOP
of intact rats. It was revealed that new bioisosters of mel-
atonin - compounds RU-398 and K-165 — were superior
to melatonin itself in their ability to reduce IOP, and com-
pound RU-615 was not inferior to melatonin in its activ-
ity. Specifically, substance RU-398 reduced IOP by 40 %,
K-165 by 40.9 %, and RU-615 and melatonin by 33.3 %.
Compounds RU-398 and RU-615 also resulted in IOP re-
duction in the control eye, which may indicate a possible
systemic action of the compounds, which was not de-
tected for substance K-165.

DISCUSSION

Multiparametric optimisation is one of the central
and most challenging problems in the development
of new drugs. To have a chance to reach the stage of clin-
ical trials, the molecule must have a number of optimal
characteristics determined by its structure - not only affin-
ity to the biological target, but also selectivity of action,
sufficient solubility, ability to penetrate tissue barriers,
metabolic stability, low toxicity. The approach offered
in this study is characterised by simplicity, accessibility,
and flexibility. Using chemoinformatics methods, com-
pounds with low calculated toxicity, high drug similarity
and permeability through the cornea of the eye and pri-
marily pharmacophore close to known modulators, mela-
tonin receptor agonists, are prioritised, followed by valida-
tion by experimental screening.

The limitations of the present study include the lim-
ited sample library of source structures for the study. Ad-
ditionally, experimental validation was performed by phe-
notypic screening for the ability to reduce intraocular
pressure. Non-verification of the effect against melatonin
receptors itself does not exclude the possibility of other
mechanisms of action of the active compounds, different
from the mechanism of action of melatonin itself.

CONCLUSION

A flexible computational approach for prioritisation
of compounds with high drug similarity, low computa-
tional toxicity and similarity to a target-oriented library
of reference compounds is proposed. The effectiveness
of the proposed search system was confirmed by the iden-
tification of new chemical classes and scaffolds of mela-
tonin bioisosters promising for further study as antiglau-
coma agents.
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ABSTRACT

Background. Accommodation disorders in children with hypermetropia is one
of the main factors in emmetropization disorders and maintenance of image
defocusing. The most severe changes in accommodation are observed in children
with anisometropia and hyperopia.

The aim of the work. To evaluate the changes in the accommodative function
of the eye in children with hyperopia, amblyopia, who underwent refractive laser
surgery (RLS), as well as in children with spectacle and contact lens correction
in combination with pleoptic treatment.

Material and methods. Group 1 consisted of 30 children after RLS; group 2 consisted
of 29 children who had spectacle correction; group 3 consisted of 26 children who
had soft contact lens correction; all children received pleoptic treatment. Clinical
examination included the analysis of objective reserves of relative accommodation
(RRA) and objective accommodative response (OAR) with an open field autorefrac-
tometer, and the results of accommodation measurement.

Results. In 1.5 years, statistically significant changes were observed in the coefficient
of accommodation response (CAR) of the amblyopic eye between the groups 1 and 2 -
0.12£0.02 and 0.00 + 0.1 relative units, respectively (p = 0.01). Similar statistically signif-
icant changes were obtained in OAR and objective RRA of the amblyopic eye. At the end
ofthe observation, the OAR in the group 1 was -2.1 + 0.67 dpt, the objective RRA—-2.1 +
0.67 dpt; in the group 2 the OAR was — 1.38 £ 0.19 dpt (p = 0.01), the objective RRA--1.38
+0.19dpt (p = 0.01). There were no statistically significant changes in these parameters
of the amblyopic eye between the groups 1 and 3.

Conclusion. Refractive laser and contact correction provide reduction of accommo-
dative disorders in children with anisometropia, amblyopia and hypermetropia. After
RLS there was a tendency to more close to normal CAR, OAR and objective RRA indices
due to the reduction of refractive indices of the amblyopic eye.
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PE3IOME

O6ocHosaHue. HapyweHue akkomodayuu y oemeli ¢ 2unepmemponueli a815emcsa
O0HUM U3 2/1a8HbIX (haKMOpPO8 HapyuleHUa npoyecca sMMmemponu3ayuu u noooep-
XKAHUA pacoKycuposKu u3obpaxeHus. Haubonee msxénvie UsmMeHeHUs dKKoMoOoa-
yuu Habndaromca y demeli ¢ aHuzomemponueu u 2unepmemponued.

Lens pabomeol. OyeHuUmMs uU3MeHeHUA dKKOMOOAaUUOHHOU (yHKYuU 2n1a3a y demeli
c 2unepmemponuetl, ambiuonueli, KoOmopbiM 6bl/1a 86INOSTHEHA PeHPAKYUOHHAA N1d-
3epHas onepayus (P/10), a makxe y 0emeli ¢ 04Ko80U U KOHMAKMHoOU Koppekyuel
8 CO4emMaHuu € NJ1IEONMUYECKUM Jie4eHUEM.

Mamepuan u memooel. B 1-10 2pynny sowsu 30 demet nocse PJ10, 8o 2-to epynny
-29 0emeli c oukosol koppekyued, 8 3-10 2pynny — 26 demeli C KOHMAKMHOU KOppeK-
yuet; 8ce demu noJslyyasnu nieonmuyeckoe sedeHue. KiuHuyeckoe uccie0ogaHue
BKJIIOYAJIO AHAIU3 06BEKMUBHbIX 3andco8 omHocumersobHol akkomooauyuu (30A)
U 06BeKMUBHO20 akkoMooayuoHHo2o0 omeema (OAO) Ha asmopegpakmomempe
OMKPbIMO20 NOJIA, pe3y/ibmamos akkoMmooo2pammsl Ha akkomodozpadpe.
Pesynemamel. Yepes 1,5 200a ommeyanuce cmamucmuyecku 3Ha4yuMole U3MeHeHUs
ko3hpuyueHma akkomooayuoHHozo omeema (KAO) ambuonu4Ho20 21a3a mexoy
1-0 u 2-U epynnamu, 20e oH cocmasus 0,12 + 0,02 u 0,00 + 0,1 ycn. ed. coomeemcmeaeH-
Ho (p = 0,01). AHano2u4YHbIE CMAMUCMUYECKU 3HAYUMble U3MeHeHUA 6bl/1u NOJTyYeHbl
cpedu OAO u ob6vekmusHbix 30A ambiuonuyHo2o0 2nasa. B koHye HabmodeHus OAO
1-t epynnel cocmasun —2,1 + 0,67 0nmp, o6vekmusHsie 30A - -2,1+ 0,67 dnmp, 80 2-U
2pynne OAO cocmasusn —1,38 0,19 onmp (p = 0,01), o6sekmugHeie 30A —— 1,38+ 0,19
onmp (p = 0,01). Cmamucmuyecku 3Ha4UMbIX U3MeHeHUl OdHHbIX nokasamesnel am-
6/1u0NUYHO20 21a3a Mexdy 1-U u 3-U 2pynnamu 3ape2ucmpupo8aHo He 6b1J10.
3akn4yeHue. PechpakyuoHHAsA nasepHas U KOHMAKMHAA Koppekyus obecnequsd-
oM CHUXeHUe aKKOMOOAYUOHHbIX HapyweHul y demeli ¢ aHuzomemponuel, am-
6nuonuel u eunepmemponued. lNocne PJIO ommedyeHa meHOeHYyuA Kk 6osee 651u3-
Kkum K Hopme nokazamenam KAO, OAO u obwvekmusHbix 30A 3a c4ém CHUXeHUs
peppakyuoHHbIX nokazamesnel ambUONUYHO20 2/1a3d.

Knioueewle cnosa: akkomodayus, ambuonus, 2unepmemponusi, aHU30Memponus,
PepPaKkYUOHHASA 1a3epHaAs Xupypaus

Ana yntnposaHua: Kynnkosa W.J1., AnekcaHgposa K.A. I3meHeHre HapyLLeHWI aKKOMO-
Jauunn y aeteli C aHM3oMeTponuyeckon ambnvonuveid n runepmeTtponuein. Acta biomedica
scientifica. 2024; 9(1): 129-135. doi: 10.29413/ABS.2024-9.1.13
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BACKGROUND

Refractive anomalies are the primary cause of reduced
visual acuity [1]. The prevalence of hypermetropia is influ-
enced by a wide range of factors including ethnicity and so-
cio-economic development [2]. Approaches to laser correc-
tion of hypermetropia require a comprehensive evaluation
[3]. Hypermetropia correction tactics in children among
doctors are ambiguous and include prescribing full and par-
tial inadequate correction. In children with hypermetropia,
correction is usually incomplete. Initially, the accommoda-
tion of children must overcome small hyperopic errors [4].
As a second, since a fuzzy image stimulates increased ac-
commodation work and thus promotes emmetropisation,
full correction may prevent this by removing the tendency
of blur to emmetropise [5]. These assumptions have recent-
ly been questioned due to lack of objective evidence [6].
Children with moderate to severe hyperopia and amblyopia
are not equipped to cope with residual hyperopia and thus
are unlikely to be equipped to cope with hyperopia remain-
ing after inadequate correction [7].

Accommodation disorders in children with hyper-
metropia is one of the main factors in emmetropization
disorders and maintenance of image defocusing. The most
severe changes in accommodation are observed in children
with anisometropic amblyopia and hypermetropia, who
develop anisoaccommodation and weakness of accommo-
dation [8]. Contact correction is preferred in these children
to avoid persistent functional impairment and to ensure full
correction. In contrast to glasses, contact lenses more accu-
rately convey the size of objects and the distance between
them, contributing to the formation of a more correct world-
view in the child [9]. It should be emphasised that spectacle
and contact correction for anisometropia greater than 3 dpt
cannot always ensure full rehabilitation of patients both clin-
ically and socially. Therefore, refractive laser surgery (RLS)
is one of the promising methods of correction of complex
ametropia, which, according to the analysed literature, has
proven to be safe and effective.

The issue of studying accommodative changes in hyper-
metropia, especially in anisometropia, remains incompletely
understood. The prevention and rehabilitation of various
types of accommodation disorders in children with hyperopic
amblyopia and anisometropia also remain poorly studied.

THE AIM

To evaluate changes in the accommodative function
of the eye in children with hypermetropia, amblyopia who
underwent refractive laser surgery, as well as in children
with spectacle and contact correction combined with ple-
optic treatment.

MATERIAL AND METHODS

A total of 86 children aged 6 to 15 years
with anisometropic amblyopia and hypermetropia

131

were treated and divided into three groups. Group 1
included 30 children after RLS, Group 2 included 29
children with spectacle correction, and Group 3 includ-
ed 26 children with contact correction. Inclusion crite-
ria for the study were the presence of hypermetropia
of 3.0 dpt or more, anisometropia of more than 3 dpt,
and visual acuity of the amblyopic eye of 0.05 to 0.3. Chil-
dren with strabismus were excluded from the sample. No
statistically significant changes were revealed between
the groups in terms of sex and age. Before and after
treatment every 6 months within 1.5 years, all children
underwent ophthalmological examination consisting
of visometry, determination of retinal visual acuity, au-
torefractometry, biomicroscopy and ophthalmoscopy;
additionally, the state of accommodation was examined
in all children: objective relative accommodation reserve
(RRA) and objective accommodative response (OAR)
were studied on an open-field autorefractometer WR-
5100K (Grand Seiko, Japan); accommodation was anal-
ysed using Righton Speedy-K (USA).

The OAR study was performed in a contact lens pro-
viding full correction of hyperopia, with binocular fixation
of the gaze on the target at a distance of 33 cm and re-
cording the results of each eye separately. Objective RRAs
were determined by adding negative lenses with a power
of -0.5 until no data were recorded close to the OAR.

During the study of accommodation on the Righ-
ton Speedy-K accommodationograph (USA), changes
in the eye refraction were recorded in the form of a bar
chart when a visual stimulus was presented at different
distances with fixation of the value of accommodation
response coefficients and microfluctuations.

The ethical review of the study was conducted
at a meeting of the Local Ethical Committee of the S.N.
Fedorov Eye Microsurgery Research Centre of the Minis-
try of Health of Russia (April 1, 2021, Minutes N2 104.7).

Statistical processing of data was performed using
Statistica 10 (StatSoft Inc., USA) and MS Excel 2007 (Mi-
crosoft Corp., USA) software. Statistically significant dif-
ferences were determined using the criteria of nonpara-
metric and parametric statistics: the Kruskall - Wallis test
was used for independent samples, and the Wilcoxon test
was used for dependent samples. A p value of < 0.05 was
considered as a condition for determining statistically
significant differences.

The uncorrected visual acuity (UCVA) of the ambly-
opic eye before treatment was 0.09 + 0.06 in group 1,
0.11 £ 0.07 (p = 0.24) in group 2, and 0.13 + 0.06 (p = 0.16)
in group 3. Corrected visual acuity (CVA) of the amblyopic
eye was 0.12 £+ 0.1 in preoperative children, 0.14 + 0.09
(p = 0.53) in spectacle-corrected children, and 0.15 + 0.08
(p = 0.49) in contact-corrected children. Before treat-
ment, the spherical equivalent (SE) of the amblyopic eye
was +6.77 + 1.8 dpt in group 1, +7.13 + 3.3 dpt in group 2
(p = 0.21), and +5.91 + 2.8 dpt in group 3 (p = 0.26).
The degree of anisometropia in SE was +4.25 + 1.4 dpt,
+5.7 = 1.9 dpt (p = 0.09) and +4.9 = 2.4 dpt (p = 0.32)
in groups 1,2 and 3, respectively. No statistically significant
difference between the refractive indices of the patients
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was observed during the analysis using the Kruskall -
Wallis criterion, indicating the homogeneity of the three
groups. The UCVA and CVA of the paired eye were close
to 1.0, and refraction was represented by emmetropia
or mild hypermetropia.

RESULTS AND DISCUSSION

Statistically significant changes were revealed after 1.5
years against the background of treatment methods when

TABLE 1

comparing the three groups. The UCVA of the amblyopic
eye was 0.25 £ 0.07 in group 1, 0.12 = 0.08 in group 2
(p = 0.05), and 0.15 £ 0.05 in group 3 (p = 0.01). The CVA
of the amblyopic eye in Group 1 in children after refrac-
tive surgery combined with pleoptic treatment reached
0.39 £ 0.04 by the end of the observed period, in the group
of children with spectacle correction and pleoptic treat-
ment the ROC was the lowest -0.19 + 0.08 (p = 0.00),
in the group of children with contact correction combined
with pleoptic treatment the ROC was 0.31 £ 0.1 (p = 0.06).
In the group of children after refractive surgery, the SE

ACCOMODOGRAM COEFFICIENTS OF THE AMBLYOPIC EYE IN CHILDREN WITH HYPEROPIC ANISOMETROPIA
AND AMBLYOPIA IN THREE COMPARISON GROUPS (n = 86)

Indicators Standard Groups LTI0
treatment
15t (n = 30) 0.01+0.08
2" (n=29) -0.03+£0.15
CAR, c.u. 0.25-0.65 pvalue 009
3 (n=26) 0.05+0.08
p value 0.35
15t (n = 30) 0.24 £0.09
2" (n =29) 0.23+£0.12
I 0.34
SC, c.u. 0.00-0.30 pvaile
3 (n=26) 0.27 £0.08
p value 0.41
1t (n = 30) 0.49 £0.06
2" (n =29) 0.47 £ 0.1
I 0.16
GC, c.u. 0.60-0.90 pvalte
3 (n=26) 0.51 £0.09
p value 0.06
15t (n = 30) 56.5+4.2
2" (n =29) 55.1+5.1
MF, pf/min up to 57 p value 0.1
3 (n=26) 574+55
p value 0.12

6m 1 year 1.5 years P,
0.06 = 0.08 0.1+ 0.06 0.12+£0.02 0.02
-0.03+£0.1 -0.02+0.14 0.00 £ 0.1 0.1

0.07 0.15 0.01
0.04 £0.12 0.07 £0.1 0.08 £ 0.05 0.04

0.24 0.1 0.06
0.22 £0.06 0.27 £0.08 0.23 £0.04 0.16
0.25 £ 0.09 0.25+0.1 0.26 +£0.12 0.14

0.28 0.19 0.3
0.24+£0.13 0.25+0.12 0.27 £0.15 0.31

0.25 0.28 0.11

0.5+0.06 0.53 £0.05 0.5+0.02 0.13

0.5+0.09 0.49 £ 0.07 0.5+0.03 0.11
0.49 0.08 0.23

0.5+0.12 0.5+0.14 0.52+0.09 0.52
0.24 0.17 0.18

65.6 +4.1 63.5+4.1 643 +£25 0.01

57.8+3.9 574+4.0 59.1+3.5 0.05
0.01 0.02 0.03

59.8+5.0 60.6 £4.0 61.5+5.7 0.03
0.01 0.04 0.08

Note. Here and in Table 2: p - Kruskall - Wallis test between groups; P, — Wilcoxon intra-group criterion; SC - stability coefficient; GC — growth coefficient; MF - mi-

crofluctuation factor.
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TABLE 2

ACCOMODOGRAM COEFFICIENTS OF THE PAIRED LEADING EYE IN CHILDREN WITH HYPEROPIC
ANISOMETROPIA AND AMBLYOPIA IN THREE COMPARISON GROUPS (n = 86)

Indicators Standard Groups 0

treatment

1%t (n = 30) 0.39+0.11

2" (n=29) 035+0.24

CAR, c.u. 0.25-0.65 3 (n = 26) 0.41+0.16
p value 0.21

15t (n = 30) 0.28 £0.09

2™ (n=29) 0.30+0.07

SC, C.u. 0.00-0.30 3rd (n — 26) 0.27+0.16
p value 0.38

15t (n = 30) 0.51+£0.15

2™ (n=29) 0.48 £0.08

GC, €4yl 0.60-0.90 3rd (n — 26) 0.52 + 0.09
p value 0.16

15t (n = 30) 64.8£5.2

2™ (n=29) 654 +4.1
34 (n=26 0.24

MF, pf/min up to 57 (n )

p value 63.2+47

15t (n = 30) 0.12

of the amblyopic eye was +1.23 + 0.11 dpt, the degree
of anisometropia according to SE was +1.25 + 1.4 dpt;
in Groups 2 and 3, these values were at baseline; the dif-
ference between the groups was statistically significant
(p <0.001). Consequently, all three groups observed an in-
crease in visual acuity on the background of the treatment.

The data of the accommodation coefficients of the am-
blyopic eye are summarised in Table 1, of the leading paired
eye in Table 2.

The accomodogram of the amblyopic eye had a gen-
tle course due to a low response to the visual stimulus;
«dips» were also recorded, which are the result of the lack
of response of the ciliary muscle to the visual stimulus.
In the paired leading eye, habitually excessive accommo-
dation tension was registered, manifested by a high num-
ber of microfluctuations. Anisoaccommodation was re-
vealed in all children. According to the data of the analysis,
in the amblyopic eye there was a statistically significant in-
crease in CAR among patients after refractive laser surgery
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6m 1year 1.5 years P,
0.35+0.04 0.41+0.08 0.43+0.1 0.06
0.39+0.15 0.33+0.14 0.34+£0.11 0.15
0.39+£0.19 042+0.14 045+0.16 0.07

0.18 0.26 0.12
0.25+0.07 0.26 £0.13 0.25+0.07 0.24

0.28 £0.1 0.27 £0.15 0.27 £0.13 0.14

0.30+0.12 0.28 +0.11 0.28 +0.14 0.36
0.06 0.09 0.11

0.5+0.08 0.52+0.08 0.5+0.13 0.47

0.49 £ 0.1 0.51+0.08 0.52 +£0.07 0.06

0.53+0.12 0.53+0.14 0.53+0.16 0.41
0.22 0.25 0.09

64.1+2.7 62.8+49 60.5+24 0.05

65.1+4.9 644+38 64.2+55 0.07
0.26 0.06 0.04

62.9+3.6 62.5+42 62.1+44 0.06
0.05 0.18 0.06

and in children with contact correction, and in all three com-
parison groups there was a statistically significant increase
in the microfluctuation factor (MF). In the paired leading
eye, a statistically significant decrease in MF in children af-
ter refractive-laser surgery was found, which is probably re-
lated to the increase in corrected visual acuity in the paired
amblyopic eye and redistribution of visual load.

According to computerised accommodationography,
children in the amblyopic eye showed weakness of accom-
modation and combined accommodation disorders mani-
fested as low accommodation response coefficientand high
microfluctuation coefficient. S.V. Balalin and L.P. Trufanova
were among the first to additionally identify this combined
type of accommodation disorder [10].

E.G. Solodkova et al. (2019) used an accommodation-
ograph to study changes in accommodation characteris-
tic of children with hypermetropia [11]. According to their
study, patients with moderate to severe hyperopia were
diagnosed with accommodation weakness with low CAR
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and normal MF, and a combination of accommodation
weakness with habitual excessive accommodation ten-
sion — low CAR with high MF, which is also consistent
with our data.

According to the open-field autorefractometer study,
the OAR of the amblyopic eye was reduced in all three
groups. At the beginning of follow-up, the findings were
homogeneous between the groups. In the group of chil-
dren after RLS the mean value of OAR was -1.1 £ 0.8 dpt,
in children with spectacle correction this index was
-1.22 £ 0.55 dpt (p = 0.34), in children with contact correc-
tion--1.25+0.23 dpt (p =0.21). According to the Donders’
formula, the norm of accommodative response was
-3.0dpt[12]. After 1.5 years of follow-up, the OAR of the am-
blyopic eye of group 1 was significantly close to normal
and was -2.1 £+ 0.67 dpt. The OAR of the 1 group was sta-
tistically significantly different from that of the 2" group,
where the OAR of the amblyopic eye was -1.38 + 0.19 dpt
(p =0.01), in the 3 group this index reached -1.8 + 0.4 dpt
(p = 0.07). In the paired leading eye, there was a decrease
in OAR, but less pronounced compared to the ambly-
opic eye. Changes in OAR between groups in the paired
leading eye as well as in the amblyopic eye were not
statistically significant at the beginning of observation.
The OAR of the paired leading eye in groups 1,2 and 3 were
-1.9+ 0.4 dpt, -1.8 £0.56 dpt (p = 0.69) and -1.9 = 0.42 dpt
(p = 0.86), respectively. After 1.5 years of treatment, OAR
also increased in the paired lead eye; no statistically signif-
icant differences between groups were found. In children
after RLS this index was -2.4 + 0.24 dpt, after spectacle cor-
rection --2.2 £ 0.13 dpt (p = 0.11), after contact correction
--24+0.24dpt (p=0.32).

The values of objective RRA of the amblyopic eye
were reduced: in children after RLS and with spectacle
contact correction the initial data of objective RRA were
close and were -1.0 = 0.2 and -1.0 £ 0.3 dpt (p = 0.89), re-
spectively; in children with contact correction this index
was at -1.2 £ 0.82 dpt (p = 0.54), respectively. Age norms
of relative accommodation reserve were determined
by E.S. Avetisov and K.M. Matz (1971) as -3.0 + -5.0 dpt
[13]. After treatment, objective RRA in children after RLS
was -2.1 = 0.67 dpt, in children with spectacle correc-
tion - -1.38 £ 0.19 dpt (p = 0.01), with contact correction
--1.8 £ 0.4 dpt (p = 0.06). Thus, all groups showed an in-
crease in objective RRA of the amblyopic eye; statistically
significant changes were observed only between groups
1 and 2. The registration of reduced indices of objective
RRA was also revealed in the paired leading eye, which
is probably related to the presence of concomitant ac-
commodation. Initial objective RRA data of the paired eye
in the group of children after RLS were -2.0 + 0.48 dpt,
in children with spectacle correction -1.8 = 0.32 dpt
(p = 0.34), and in the group of children with contact cor-
rection -2.0 £ 0.52 dpt (p = 0.67). After 1.5 years, these
values between groups remained approximate and were
-2.51+0.31dpt,-2.0+£ 0.6 dpt (p=0.09),and-2.38 £0.42 dpt
(p=0.12) in groups 1, 2, and 3, respectively.

According to the works of E.P. Tarutta et al. (2012),
in hypermetropia and in myopia there is a delay
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in accommodative response, which increases depend-
ing on the degree of ametropia, but in myopia the delay
of OAR is stronger than in hypermetropia, and it should
be noted that the studies of this group of authors were
conducted on children without amblyopia [14, 15].

Therefore, according to the data of the present study,
the recovery of accommodation disorders in children after
refractive laser surgery and with contact correction were
comparable. In the above groups, there was a statistical-
ly significant increase in CAR, MF, OAR and objective RRA
of the amblyopic eye compared to the group of children
with spectacle correction.

CONCLUSION

Refractive laser surgery and contact correction pro-
vide reduction of accommodation disorders in children
with anisometropic amblyopia and hypermetropia. After
refractive laser surgery, there was a tendency to closer
to normal values of the accommodation response coeffi-
cient, objective accommodative response and objective
relative accommodation reserves due to the reduction
of refractive indices of the amblyopic eye
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ABSTRACT

The aim. To present a clinical case of surgical treatment of parasitic invasion
of the vitreous body caused by dirofilaria.

Material and methods. One patient with intraocular dirofilariasis underwent surgical
treatment including vitrectomy, phacoemulsification with implantation of an intraoc-
ular lens. At the stage of vitrectomy, a whole helminth was removed from the vitreal
cavity using collet tweezers for subsequent typing. The uncorrected visual acuity
of the right eye at the time of treatment was 0.4, of the left eye — 0.45.

Results. The postoperative period had no signs of an active inflammatory reaction.
Four months after surgical treatment, at a follow-up visit, visual acuity of the left eye
reached 1.0. According to the parasitological study, a female Dirofilaria repens was
identified. In the postoperative period, the areas of pronounced chorioretinal atrophy
in the peripheral parts of the retina were visualized, which may be a consequence
of mechanical contact of the parasite or the toxic effects of its metabolic products.
Conclusion. This clinical case demonstrates the possibility of infection with the ocu-
lar form of dirofilariasis in a region that is atypical for the presence of this helminth.
Despite the positive outcome of the disease, in the presented patient, the long-term
presence of the parasite in the vitreal cavity led to the formation of chorioretinal at-
rophy in the peripheral retina, which confirms the need for timely diagnosis and sur-
gical treatment.
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PE3IOME

Lene. lpedcmasume KauHudeckul ciyqat xupypeuyeckoeo JiedeHus napasu-
mapHoU UHeasuu cmek108UOHO20 meJd, 8bl38aHHOU dupogunapued.
Mamepuan u memoodel. [IpoonepuposdHa 1 nayueHMKa ¢ UHMPAOKYIAPHLIM
oupogpunapuoszom. [lauueHmke nposedeHo onepamusHoe JsiedeHue 8 06vEMe
sUMpP3KMoOMUU, pakosMybcuuKkayuu kamapakmel ¢ uMnaaHmayueli uHmpa-
OKYJIApHOU /IUH3bl. Ha 3mane npogedeHUs 8UMPIKMOMUU UYdH208bIMU NUHYe-
mamu npou3gedeHo yodsieHue YeslbH020 2eJlbMUHMA U3 sumpeasasHol noslocmu
0711 nociedyoujeeo0 munuposaHus. HekoppuauposaHHas ocmpoma 3peHus npa-
8020 2/1a3d Ha MOMeHM obpawjeHus cocmasensna 0,4, negozo - 0,45.
Pe3synomamel. [locrieonepayuoHHbIl nepuod npomekasn 6e3 NpusHAKo8 dKmMusHoU
socnasaumesnbHoU peakyuu. Yepes 4 Mecaya nocsie Xupypau4eckozo je4eHus, Ha KOH-
mposibHoU A8Ke, 0cmpoma 3peHus 1e8020 21aza docmuesa 1,0. [o daHHbIM napasu-
moJsioeuyecko2o ucciedo8aHus udeHmuguyuposaHa camka Dirofilaria repens. B no-
C/1eoNepayuoHHOM nepuode y NayueHmMKU 8U3yanau3uposasnucb 30Hbl 8blpaXXeHHOU
XopuopemuHanbHol ampoguu nepugepudeckux omoeso8 cemudmku, 4mo, 803-
MOXHO, A871emcs nocedcmeauemM MexaHUu4eckozo KOHmakma napasuma ubo mok-
cu4ecko20 8030elicmaus NpoOyKmMoe e20 Xu3HedeameslbHoCmu.

3aknioyeHue. [JaHHbIU KAuHUYecKUl npumep 0eMOHCMpUpyem 803MOXHOCMU
3apaxeHus 2iasHol gopmol oupoguaapuo3da 8 HeMuUNUYHOM 01 HAXOXO0eHUs
0aHHO20 2e/IbMUHMA pe2uoHe. HecMomps Ha nosioxumersibHbil Uucxo0 3abonesa-
Hus, y npedcmassieHHOU nayueHmku 01umesibHoe Haxoxo0eHue napdasuma 8 8u-
mpeasneHol NoI0CMU NPUBETO K hOPMUPOBAHUIO XOPUOPEeMUHAIbHOU ampogpuu
Ha hepugepuu cemyamku, Ymo noomaepxoaem Heob6xo0UMOCMb nposedeHUs
cgoespeMeHHOU OUdz2HOCMUKU U 0nepamugH020 8MeldamesibCmad.

Kniouesble cnosa: 0upogunapuos, BUMp3IKMOMUS, 300HO3, 0OMaAnIbMO2es1bMUHMO3
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Ba M.[., XypaBckaa K.P. UHTpaoKynapHbI Aupodunapros: xmpypruyeckme nogxonbl,
0COOEHHOCTY KIIMHUYECKOTo TeueHns (KNMHnYeckuin cnyyai). Acta biomedica scientifica.
2024; 9(1): 136-141. doi: 10.29413/ABS.2024-9.1.14
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Dirofilariasis (from Latin «diro, filum» - «evil thread»)
is a disease caused by parasitisation of nematodes
of the genus Dirofilaria in the human body [1]. Dirofilariae
are thin, white-coloured helminths belonging to the class
of roundworms-nematodes. About twenty species of Diro-
filariae are known, but Dirofilaria repens and Dirofilaria lim-
mitis are particularly dangerous for humans. The female
Dirofilaria repens reaches a length of 130-150 mm, Dirofi-
laria limmitis reaches a length of 180-300 mm, while male
Dirofilaria repens reaches a length of 50-60 mm, male Diro-
filaria limmitis reaches a length of 100-110 mm. Generally,
the helminth can be 0.03 to 1.2 mm wide [2, 3]. Dirofilaria
limmitis causes the pulmonary form of the disease, Diro-
filaria repens the oculocutaneous form. An infected mos-
quito can infect humans with dirofilariasis from the genera
Culex, Aedes, and Anopheles [1, 4, 5]. The mosquito is not
the only vector of the disease; there have been known
cases of invasion following bites from mites, horseflies,
lice and fleas. Until recently, it was thought that the larva
grows in tissues of the human body but does not undergo
sexually mature changes. But the literature describes cases
of microfilaraemia, which suggests the possibility of infec-
tion of the organism by at least two individuals of differ-
ent sexes with their transition to the sexually mature stage
of development and that a person can be the definitive
carrier of Dirofilaria repens [5]. In 1566, the Portuguese
physician Lusitano Amato (1511-1568) first described
a case of a worm being removed from the eye of a little girl.
In 1915, the Russian physician A.P.Vladychensky described
a case of extracting a worm from a patient’s eye tumour
[6, 7, 8. A significant contribution to the study of dirofi-
laria was made by the Soviet helminthologist K.I. Skry-
abin in 1917-1948. Ocular dirofilariasis with involvement
of the visual organ accounts for 38 to 88 % of cases [8].
In 1996, T.I. Avdyukhina et al. compiled a registry of pa-
tients with dirofilariasis, in which 50 out of 110 cases ac-
counted for dirofilariasis of the visual organ [9]. Intraocular
localisation is considered a rare form of ocular dirofilariasis.
For example, 5 cases of ocular dirofilariasis with intraocular
localisation have been registered in the Russian Federation
over the years [8].

Currently, the increasing incidence of dirofilar-
iosis is again attracting the attention of physicians
[10]. The main reasons for the increase in morbidity
and expansion of the area of dirofilariasis spread, accord-
ing to scientists, are changes in climatic, social and envi-
ronmental conditions, as well as the growth of migration
activity of the population [11]. Until recently, the disease
was thought to be predominantly prevalent in Asia, Af-
rica and Southern Europe, but in recent years there has
been an increase in the number of cases of dirofilariasis
in Nordic countries (Finland, Estonia), where the disease
was previously extremely rare [12]. In the Russian Feder-
ation, cases of dirofilariasis were previously registered
mainly in the southern regions, but now there are cases
in St. Petersburg, Tomsk, Irkutsk, and Sverdlovsk regions
[13]. Given the polymorphism of clinical manifestations
of ocular dirofilariasis, diagnosis of the disease is compli-
cated, and often the final diagnosis is made during surgical
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treatment with extraction of the parasite and its subse-
quent typing. Thus, dirofilariasis is a complex and interdis-
ciplinary disease that requires increased attention of phy-
sicians at the place of residence, especially in regions not
endemic for this pathology.

THE AIM

To present a clinical case of surgical treatment of par-
asitic invasion of the vitreous body caused by dirofilaria.

MATERIALS AND METHODS

Patient T., 59 years old, came to the ophthalmological
clinic at her place of residence with complaints of reduced
vision in the left eye for several years and the presence
of afloating formation in front of it in the form of a «thread»
thathad been bothering her for sixmonths. Ophthalmolog-
ical examination revealed a mobile formation in the lower
segment of the vitreal cavity. The diagnosis was made: par-
asiticinvasion of the vitreous body; the patient was referred
for surgical treatment. A complete ophthalmological ex-
amination including visometry, intraocular pressure (IOP)
measurement, autorefractometry, anterior eye segment
biomicroscopy, perimetry, ophthalmoscopy of the ocu-
lar fundus and B-scan ultrasonography was performed
at the time of presentation for surgery. The incorrigible (i.c.)
visual acuity of the right eye (OD, oculus dexter) at the time
of treatment was 0.4, of the left eye (OS, oculus sinister) —
0.45, 10P (p) of both eyes — 11 mmHg. Significant opacities
in the cortex of the crystalline lens were revealed, during
the examination of the eye fundus a floating conglomerate
of the vitreous body with a translucent mobile formation
of thread-like shape was diagnosed. Areas of chorioretinal
atrophy were also revealed in the middle and extreme pe-
riphery, while the optic disc and macula remained within
normal limits. Ultrasound B-scan confirmed the presence
of a large focus of vitreous opacity, within which a mobile
object was observed (Fig. 1). Diagnosis: vitreous opacity,
parasitic invasion of the vitreous, incomplete complicated
cataract of the left eye.

A clinical decision was made to perform combined
treatment - posterior closed vitrectomy and cataract
phacoemulsification with intraocular lens (IOL) implanta-
tion. In order to minimise the risks of inflammation when
the parasite is destroyed in response to foreign antigens,
and in order to typify the helminth, surgical approaches
were used to remove the parasite without damaging it.
Surgical treatment was performed using Alcon Constel-
lation system (Alcon, USA). The first stage was cataract
phacoemulsification without IOL implantation. Three
25-gauge ports were installed using standard technique,
3 mm from the limb. An infusion cannula was placed into
the portin the lower outer segment. A 4 mm diameter pos-
terior capsulorhexis was formed with a vitrectomy cutter
to extract the parasite through it. When capsulorhexis was
performed, the vitreous conglomerate with the parasite



FIG. 1.
B-scan. Vitreous body and parasite conglomerate: 1 - vitreous
opacity; 2 - mobile hyperechogenic formation

migrated into the retrolenticular space. Through para-
centesis, the conglomerate was fixed with 25G collet for-
ceps and an attempt was made to remove the helminth
with forceps from the vitreous body (Fig. 2). The attempt
was unsuccessful, however, because of the pronounced
fixation of the parasite in the fibres of the vitreous body.
A decision has been made to change the helminth ex-
traction technique. The fibres of the vitreous body fixed
with conglomerate were resected with a vitrectomy cut-
ter. At the time of vitrectomy, there was marked mobility
of the parasite with a tendency to migrate to the vitrecto-
my cutter window and risk of damage.

It should be emphasised that intraoperatively the pos-
sibility of administration of 0.01 % carbachol solution was
considered in order to reduce helminth mobility, but pos-
sible miosis and risks of reduced visualisation led to the re-
jection of this drug. With forceps, the conglomerate was
partially withdrawn into the anterior chamber, from which
the parasite was extracted through paracentesis (Fig. 3).
The helminth was placed in a balanced saline solution
and sent to a parasitology laboratory. Total vitrectomy
with retinal revision was performed. The intraocular lens
was implanted into the capsular bag. After the ports were
removed, the surgery was completed.

RESULTS AND DISCUSSION

The postoperative period had no signs of an active
inflammatory reaction. On the third day, the patient was
discharged from the hospital. At the time of discharge,
OS visual acuity was 0.8 and IOP was 10 mmHg. After 4
months, at the follow-up visit, OS visual acuity reached 1.0,
and IOP remained at 10 mmHg. A female Dirofilaria repens

FIG. 2.
Photoregistration of the stage of surgical intervention: 1 - vitreous
opacity; 2 — parasite embedded in the fibres of the vitreous body

FIG. 3.
Photoregistration of the surgical intervention stage: view of the
worm located on the cornea after extraction from the vitreal cavity

was identified by parasitological examination. The patient
is appointed a consultation with an infectious disease
physician.

The peculiarity of this clinical case is the location
of the patient’s infection in an atypical area for this dis-
ease.The patientlivesin the northern district of the Irkutsk
region, beyond which she has not travelled for the last
two years. Considering the timing of the complaints
of decreased vision and the appearance of a mobile ob-
ject in the field of vision, as well as the characteristics
of the life cycle of the helminth, it can be assumed that
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the infection occurred in the region of the patient’s resi-
dence. This correlates with worldwide trends of a signifi-
cant increase in the incidence of dirofilariasis in northern
latitudes, which is associated with climatic warming
and, consequently, with a longer life cycle of mosqui-
to vectors of the disease, as well as the spread of stray
cats and dogs, which are the final hosts of the parasite
[14]. It is also worth noting that in one of the coldest
and northernmost cities in Russia, Yakutsk, cases of diro-
filaria infection in both domestic and wild animals have
been revealed [13, 14].

Intraocular dirofilariasis is considered the rarest form
of this disease and is sporadic. Surgery remains the gen-
erally accepted and the only treatment for this form
of the disease. It is worth noting, however, that there is no
consensus on the necessity of extracting the whole para-
site and, if the parasite persists, the method of removing
it from the eye. Some authors performing endovitreal
intervention, simultaneously excise the dirofilaria, which
significantly simplifies the intervention, reducing the du-
ration of surgery. According to the literature, this method
of parasite removal does not lead to the development
of intraocular inflammation [6], but typing of the parasite
in these cases becomes impossible. Domestic ophthal-
mologists follow the tactic of preserving the whole par-
asite, using various surgical approaches for this purpose.
V.N. Kazaikin et al. described the technique of aspiration
extraction of the parasite from the eye with preservation
of the vitreous body [12]. R.R. Faizrakhmanov et al. used
vitreotomy to mobilise the helminth with its further re-
moval by forceps through a 23-gauge port [15]. In both
cases, the integrity of the parasite was preserved for sub-
sequent parasitological examination and for definitive
diagnosis [12, 15].

The surgical treatment tactics used in this clinical case
was conditioned by the presence of pronounced opacities
in the crystalline lens, gross vitreous body opacities, which
prevented adequate visualisation of the ocular fundus.
In the postoperative period, the patient had visualised ar-
eas of pronounced chorioretinal atrophy of the peripheral
retina, which may be a consequence of mechanical con-
tact of the parasite or toxic effects of its products (Fig. 4).
The absence of pathological changes in the macular re-
gion allowed to obtain high visual acuity.

Most publications that have presented the treatment
of patients with this condition demonstrate obtaining high
visual acuity without associated toxic and inflammatory
reactions in the postoperative period. At the same time,
clinical cases with catastrophic visual impairment caused
by macular retinal atrophy as a consequence of prolonged
presence of Dirofilariae in the eye have been described [16].

CONCLUSION

This clinical case demonstrates the possibility of infec-
tion with the ocular form of dirofilariasis in a region atyp-
ical for the presence of this helminth. Despite the pos-
itive outcome of the disease, in the presented patient,
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FIG. 4.
Zones of pronounced chorioretinal atrophy of peripheral parts
of the retina

the long-term presence of the parasite in the vitreal cavity
led to the formation of chorioretinal atrophy in the periph-
eral retina, which confirms the need for timely diagnosis
and surgical treatment.
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ABSTRACT

Demodicosis occupies a leading position among all dermatoses. According to ICD-10,
it is not distinguished as a separate disease; it belongs to the class of parasitic diseases.
The relevance of studying the problem of ophthalmodemodecosis is caused by its high
prevalence and contagiousness, chronic course, an open issue of the role of the Demo-
dex mite in the occurrence of inflammatory eye diseases, as well as the lack of effective
methods for treating and preventing this pathology. In addition, Demodex causes dis-
comfort and contributes to the occurrence of cosmetic defects, which in turn worsens
the patient’s quality of life.

The aim. To present a review of the literature data and our own results of laboratory
diagnostics of ophthalmodemodecosis.

Materials and methods. The article presents clinical cases of demodectic eyelid lesions
with different disease outcomes in case of similar treatment. Laboratory diagnostics
included drawing up an acarogram. Epilated eyelashes were used as a material for de-
tecting mites on eyelids. Counting of individuals was carried out using light microscopy;
all forms of mite development were taken into account. The work presents the statistics
on the frequency of examination of patients with suspected demodicosis at different
times of the year, confirming the seasonality of this disease. The literature review includ-
ed data on the history of studying the Demodex mite, existing hypotheses and theories
about its pathogenesis, as well as the information on domestic and foreign methods
of treating ophthalmodecosis, including modern hardware techniques.

Results. Demodex mites play a significant role in the development of blepharitis
and blepharoconjunctivitis. It is important to consider that demodicosis can occur
against the background of inflammatory eye diseases of another etiology. Therapy
for ophthalmodemodecosis currently remains complex, lengthy and ineffective. When
assessing the results of an acarogram, any detected stages of a mite are clinically sig-
nificant, and there isn't a direct relationship between the number of detected mites
and the severity of clinical manifestations in all cases.

Key words: Demodex, blepharoconjunctivitis, laboratory diagnostics, ophthalmo-
demodecosis, IPL therapy

For citation: Popova D.A., Kursakova Yu.V. Some aspects of laboratory diagnostics
of ophthalmodemodecosis. Acta biomedica scientifica. 2024; 9(1): 142-150. doi: 10.29413/
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HEKOTOPDIE ACMEKTbI IABOPATOPHOU AUATHOCTUKN

OOTAJIbMOOEMOLEKO3A
NMonosa A.A., PE3IOME
Kypcakosa 10.B.

Jemooekos 3aHUMaem nudupyroujee nonoxeHue cpedu scex depmamo3sos. Coenac-
Ho MKB-10, oH He 8bl0enisemcs kak omOesibHoe 3a60/ie8aHue, OMHOCUMCA K Kdccy
napasumapHeix 6one3Hell. AKmyasabHOCMb U3yyeHUs npobiemsl opmanbmodemoode-
K03a 00yC/108/1€HA €20 8bICOKOU pacnpoCmMpaHEHHOCMbIO U KOHMA2UO3HOCMbIO, XPO-
HUYeCKUM meyeHueM, OMKpbIMbiM 80NPOCOM O posiu Kieuja Demodex 8 603HUKHO8e-
Huu 8ochanumesbHbix 3a60/1e8aHuli 21a3, a makxe omcymcmauem 3hheKmueHbIx
Memo0o08 JiedeHUs U npoguaakmuku 0aHHol namosoauu. [Tomumo 3moeo, Demodex
8bi3bl8aem OUCKOMopm u cnocobcmeayem 803HUKHOBEHUIO KOCMemu4ecKux oeghex-
moe, YUMo 8 C80I0 04YepeOb yxyowaem Kayecmao Xu3Hu nayueHma.
Lens pabomel. [Ipedcmasume 0630p 1umepamypHbix OGHHbIX U CO6CMBEHHbIX pe-
3y/16Mmamos 1abopamopHoU OUAzZHOCMUKU 0¢hmasibMo0eMo0eKo3a.
Mamepuanel u memodsl. B cmamee npedcmasneHvl KIUHUYECKUe Cydau Oe-
ABTOP, OTBETCTBEHHDIN 3a NEPENUCKy:  MOOEKO3HO020 NOPAXeHUs 8eK C pa3/IuUYHbIMU UCX00aMu 3d60/1e6aHUs NPU aHAsI0-
Monoga [lapba AneKkceeBHa, 2UYHOM JleyeHUU. JlabopamopHas dudeHOCMUKA 8KJloYaaa 8 cebs cocmassieHue
e-mail: dashenka.22@mail.ru akapozpammel. Mamepuanom 018 0O6HApyxeHUs Kaewjel Ha 8eKax CyXuau 3nu-
JlupoBaHHele pecHUyel. [lodcuém ocobeli ocywecmenanca Memooom c8emosol Mu-
KpocKkonuu, y4umsl8aauce 8ce hopmsl pazsumus Kiewa. [pusedeHa cmamucmuka
yacmomel 06¢/1€008aHUA NAUUEHMOB8 C N0003peHUeM Ha 0eMo0eK03 8 pa3iuyHoe
8pems 200a ¢ noOmeepxo0eHUeM Ce30HHOCMU 0aHHO20 3abosiesaHus. Jlumepamyp-
HbIl 0630p 8K/0HAN 8 ceba OaHHble 06 ucmopuu U3yYyeHUA Kiaewa poda Demodex,
cywecmsyrowjue 2unomessl U meopuu 0 e20 hamozeHese, d makxe UHopMayuto
06 omedecmeeHHbIX U 3adpybexHbiX Memoodx Jie4eHUAs ogpmasibMoOeMo0eKo3d,
8KJ1104ASA COBPEMEHHbIe anndpamHsle MemoouKU.
Pesynomamel. Knew, poda Demodex uzpaem 3HauyumesnbHyio posib 8 pasumuu
6recpapumos u 61e¢hapoKOHBIOHKMUBUMOB. BaxkHO y4umsieames mo, Ymo demode-
KO3 MOXem 803HUKaMb HA (hoHe 8ocnanaumesibHolx 3a6onesanuli 2nas opyzoli smu-
os102uu. Tepanus opmasnibMoO0eMo0eKko3d 8 Hacmosujee 8pems 0cmaémcs c/10XHod,
onumerneHoU u mano3ggexkmusHod. [lpu oyeHke pe3ynbmamos akapospamMmsl Kiu-
HUYeCKU 3HaYUMbIMU A8JIAI0MCA /It0bble 00HApyxeHHble cmaouu Kaewd, a makxe
He 80 8cex C/ly4yasx Habmoddemcs npAMAs 3d8UCUMOCMb MeX0y KOu4yecmaom 06-
HApyeHHbIX Kewel U ma)ecmeto KIUHUYECKUX NpoAsaeHUU.

WpkyTtcknin dunmnan Oray «HMUL,
«MHTK «Munkpoxmpyprusa rnasa»

nMmeHu akagemmka C.H. ®égopoa»
MwuHspgpasa Poccum (664033, 1. MpKyTCK,
yn. JlepmoHTOBa, 337, Poccun)

Knrouesole cnoea: Demodex, 6riepapokoHsioHKMuUsUm, 1a6opamopHas oudzHo-
cmuka, opmansmodemooekos, IPL-mepanus

Cratba nocrynuna: 02.03.2023 Ana untuposanums: MNonosa [.A., Kypcakosa [0.B. HekoTopble acnekTbl labopaTopHoi
Cratba npuaTa; 02.02.2024 fMarHocTkn odprtanbmopemopeKkosa. Acta biomedica scientifica. 2024; 9(1): 142-150.
(raTba onybaukoBaHa: 26.03.2024 doi: 10.29413/ABS.2024-9.1.15
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Inflammatory eye diseases of demodectic aetiolo-
gy have a high prevalence worldwide Demodex mites
are known to play a role in the development of var-
ious ophthalmic diseases, as well as complicate their
course [1]. These diseases include blepharitis, bleph-
aroconjunctivitis, chalazion, episcleritis, and marginal
keratitis. According to domestic studies, asymptom-
atic carrier state occurs in a significant number of pa-
tients. The incidence of demodecosis is similar in men
and women. In persons over 70 years of age, the prob-
ability of detecting a mite is almost 100 % [2].

Demodecosis is an infectious disease caused
by the parasitisation of the opportunistic mite of the ge-
nus Demodex. The mite reproduces in hair follicles, seba-
ceous glands and mainly affects the face and external au-
ricles, and rarely the skin of the chest and back [3].

The Demodex mite was first described as a worm
by Jacob Henle in 1841. It was later correctly classified
as the human mite Acarus folliculorum by dermatolo-
gist Carl Gustav Theodore Simon. In 1843 Richard Owen
calls the mite Demodex. In the course of studies in 1970,
L.H. Akbulatova discovered and described two forms
of the mite, Demodex folliculorum brevis and Demodex
folliculorum longus, - parasitising humans [4].

Demodex folliculorum longus has a long body and its
predominant site of localization is hair follicles. The sec-
ond form of Demodex folliculorum brevis has a shorter
body and parasitizes the meibomian and Zeiss glands.
The entire body of the mite is covered with a chitinous
shell, legs are short, with the presence of fingernails
at the ends (Fig. 1).

After fertilization, males die and females lay eggs
in the cavity of hair follicles. The development cycle
of the mite consists of five phases and lasts about 15—
25 days. Demodex feeds on the secretion of sebaceous
glands and the cytoplasm of epithelial cells. The viabil-
ity of mites is not affected by low temperatures or low
humidity, but at temperatures below 14 °C they fall into
a state of torpor. They are viable in water for up to 25 days
(at a temperature of 12-15 °C), in pus and dead skin lay-
ers — 20 days, in dry air — 36 hours. Demodex mites are
most active at temperatures of 30-40 °C, and at high tem-
peratures (53-55 °C) they die after 18 days. In cosmetic
cream, vegetable oil, petroleum jelly mites retain their
vital activity for a long time [5].

Thereare severalmainhypothesesregarding the patho-
genicity of the Demodex mite. Some authors believe that
the mite manifests its pathogenicity by transporting mi-
croorganisms into the sebaceous glands and hair follicles.
As an example, Bacillus oleronius, found on the tick surface,
can activate both the ticks themselves and other microor-
ganisms, and its proteins cause an increase in pro-inflam-
matory cytokines (interleukin (IL) 6 and IL-1b).

The following hypothesis is based on the fact that
mites become active under the influence of endogenous
and exogenous factors that contribute to a decrease
in immunity (diabetes mellitus, gastrointestinal diseas-
es, thyroid disorders, cardiovascular diseases, bad habits
and stress) [6].
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FIG. 1.
Demodex folliculorum longus mite. Photo was taken using Lomo
MC-8.3 digital camera (Lomo JSC, Russia); magnification x 400

Foreign authors cite data reflecting the link be-
tween the rise in incidence in the spring and sum-
mer period, which is explained by increased synthesis
of cathelicidin molecules supporting the inflammatory
process (LL-37-natural antimicrobial barrier) as a result
of the body’s production of vitamin D under the influ-
ence of ultraviolet radiation [7].

According to the data of studies carried outin the Ir-
kutsk branch of the Federal State Autonomous Institu-
tion «S.N. Fedorov Eye Microsurgery Centre» of the Min-
istry of Health of Russian Federation, it can also be
observed that clinical manifestations of demodecosis
have their seasonality (Fig. 2).

Demodex mites and their waste products cause
chemical and mechanical irritation. With their jaws
(chelicerae) they destroy skin cells. This leads to in-
flammation in the form of infiltrates and deposition
of keratin protein and lipids in the stratum corneum.
According to Yu.N. Koshevenko (2008), as a result
of mite vital activity, the accumulation of metabolic
products creates conditions for the attachment of var-
ious infections [8].

A.Ya. Varapetov (1972) asserts that «one of the re-
sults of mite activity is stagnation of sebum, which leads
to prolonged irritation of the nerve-receptor appara-
tus of the sebaceous-hair follicle» [9].

Following another theory, mites of the genus De-
modex are capable of inducing various immune re-
sponses. In the scientific literature, there is evidence
of violations of the cellular link of immunity, manifested
in a decrease in phagocytosis and expression of CD3*,
CD4+, CD8", increased production of CD22*, IgM, tu-
mor necrosis factor a, IL-4, IL-6, increased phagocytosis
and expression of CD25%, CD95*, HLA-DR+ [10].

There are studies upon which the theory of genetic
predisposition to demodecosis disease is based [11].

To date, there is no consensus on the etiolo-
gy and pathogenesis of the mite genus Demodex.
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Distribution of the number of demodecosis laboratory tests (acarograms) during the year

All existing hypotheses and theories are contradictory
and diverse.

In 1979, N.D. Zatsepina proposed the following
classification of demodecosis of the visual organ: «as-
ymptomatic carrier, obliterated forms, demodecosis
blepharoconjunctivitis (uncomplicated, complicat-
ed), demodecosis episcleritis, demodecosis keratitis,
demodecosis iridocyclitis» [12]. It is known that oph-
thalmodemodecosis can either act as an independent
disease or be combined with demodecosis of other
parts of the body.

At an ophthalmologist’s appointment, patients
have the following complaints: a feeling of a «for-
eign body» in the eyes, periodic discomfort, rubbing,
itching of the eyelids, sometimes eyebrows, thick
discharge in the corners of the eyes [13]. When ex-
amining the patient, the following is observed: eye-
lid margins are thickened, hyperaemic, meibomian
gland ducts are filled with thick secretion, superficial
plaque in the form of «<muffs» at the root of the eye-
lashes is observed [14].

Only after laboratory diagnosis can a diagnosis
of demodecosis be confirmed. For 1 day before the re-
search the patient is recommended not to use deco-
rative and medicinal cosmetics, as well as if possible
not to use eye drops. The material for the study is epil-
ated eyelashes, 4 pieces from each eyelid. This mate-
rial is placed on a slide, in a drop of glycerol, covered
with a coverslip and examined in a light microscope
at a magnification of x100.

The identification of the parasite is based on an ac-
arogram by counting the different developmental stag-
es (larvae, eggs and adults) (Fig. 3).

Acarogram is an objective diagnostic criterion.
The presence of more than 4 specimens in the prepara-
tion is an indication of mite activity. As clinical practice
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demonstrates, large numbers of mites may be found
on the eyelid margins in the obliterated clinic of bleph-
aritis, and, conversely, in the vivid course of the dis-
ease that requires treatment, mites may be detected
in small numbers.

The course of treatment for ophthalmodemodece-
cosis may last 30-40 days, followed by retreatment
in 2-3 months. The three-layer cuticle, which densely
covers the surface of the Demodex mite, creates an ob-
stacle to the action of the preparations.

Today the main method of blepharitis treatment
in Russia is a complex application of anti-inflammato-
ry, antibacterial, antiparasitic therapy with therapeutic
eyelid hygiene and the use of tear substitutes.

Anti-inflammatory therapy is used to eliminate
swelling and hyperaemia. Corticosteroid ointments,
by reducing local immunity, increase the number
of mites, so their use is not recommended [15].

Therapeutic eyelid hygiene is important in the treat-
ment of ophthalmodemodecosis. This method of treat-
ment was proposed by Professor G.S. Polunin in 2007
[16]. Three-stage eyelid hygiene is carried out: first, warm
compresses improve metabolism; eyelid massage allows
the evacuation of viscous secretions; then the eyelid mar-
gins are treated with disinfectants and acaricides.

Nowadays, there is a large number of modern de-
vices for eyelid heating, moisturising and massage
on the world market: in Russian ophthalmological
practice, the most widely used are the Blephasteam
mask [17] and the LipiFlow system, with the help
of which the simultaneous effect on the inner surface
of the upper and lower eyelid by heat and pulsating
mechanical pressure is carried out.

In Europe, Optima IPL is used to treat dry eye dis-
ease and restore meibomian gland function. In 2002,
V.G. Prieto et al. found that IPL (intense pulsed light)

Ophthalmology



FIG. 3.

Developmental stages of the mite Demodex folliculorum longus: a - adult and 4 eggs; 6 — adult and larva; 8 — adult, larva and egg

(magnification x100)

therapy resulted in coagulation necrosis of Demodex
mites and reduction of perifollicular lymphoid infil-
trate [18]. Dr. Rolando Toyos has perfected a specific
treatment protocol that maximises the long-term elim-
ination of the Demodex mite [19].

After a month from the beginning of treatment
a control acarogram is carried out, and in the absence
of dynamics or an increase in the number of speci-
mens, antiparasitic (acaricidal) drugs are used. Chloro-
form, carbolic acid, tar, cresol, ether and dichlophos are
known to kill Demodex instantly. Preparations based
on these substances are used in veterinary medicine
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and dermatology, but are not used in ophthalmology
due to their toxicity. Metronidazole has proven to be
highly effective over the years. The treatment of de-
modecosis with metronidazole, however, has not been
successful in recent years [20]. Ornidazole may also be
the drug of choice.

There are many data about the successful use
of fluoroquinolones in the treatment of blepharitis
[21]. Additionally, for the purpose of antibacterial ther-
apy, benzildimethyl-myristoylamino-propylammoni-
um-based preparations are prescribed as instillations
into the conjunctiva [22].



It has also been observed that the consequence
of impaired outflow of meibomian gland secretion
is a decrease in the lipid layer of the tear film, which
accelerates its evaporation and causes the develop-
ment of «dry eye» syndrome [23]. The use of multi-
component lacrimal substitute preparations (LSPs),
which include carmellose and hydroxypropylguar,
has an advantage over the use of single-component
LSPs, which has been statistically proven [24]. Alco-
holic solutions of calendula, wormwood, tea tree oil,
which have antimicrobial and antiseptic effect, are
of great importance in the treatment of blepharitis
of demodectic etiology.

It has been observed that cholinomimetics used
in the treatment of glaucoma paralyses the muscula-
ture of mites due to muscarinic and nicotine-like ac-
tion. Such drugs include 0.02 % phosphacol, physostig-
mine, 0.5 % tosmilene, 0.01 % armin [2].

The Demodex mite does not tolerate an alkaline en-
vironment and therefore alkaline eye drops and zinc
sulphate drops in boric acid are used as symptomatic
treatment.

Sanitation of foci of infection, treatment of concom-
itant diseases, limitation of sun exposure and dietary

FIG. 4.
Demodex folliculorum longus mites. Magnification x100; lens
10/0.25; eyepieces WF 10x/22
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intake of polyunsaturated fatty acids such as Omega-3
are important in the treatment of ophthalmodemo-
decosis [25].

The above presented modern approaches to the di-
agnosis and treatment of ophthalmodemodecosis can be
demonstrated by clinical cases.

Clinical case No. 1

Patient L., 66 years old, complained of decreased
near vision, dryness, discomfort, and itching of the eye-
lids of both eyes.

Biomicroscopy revealed the following: intermargin-
al eyelid margins thickened; meibomian glands filled
with their own content. There are small gray muffs
on the eyelashes.

The patient was examined for demodecosis;
an acarogram revealed 8 adult specimens, 1 larva
and 1 egg (Fig. 4).

Diagnosed with chronic demodectic blepharitis
in both eyes.

Treatment was prescribed: eyelid massage No. 1-2;
washing with tar soap; taking Trichopol; treatment
of eyelid margins with Blepharogel-2, calendula alco-
hol solution. Oxyal drops (or Chilo-comod, Thealoz)
1 drop 3 times a day in both eyes for 1 month, then
- as needed. Taking vitamin preparations with lutein,
zeaxanthin, Omega-3, 6, 2 courses per year. Wearing
sunglasses.

The patient came for a follow-up examination
2 months later. Acarogram results revealed 4 adults, 2 lar-
vae and 1 egg.

Continuation of treatment was recommended; consul-
tation with a dermatologist in the place of residence.

The patient came for a follow-up examination
2 months later.

Subjectively: after the treatment she observed
improvement - disappearance of itching of eyelids
of both eyes.

Objectively: eyelid skin without peculiarities; no De-
modex mites were found according to the results
of acarogram.

Clinical case No. 2

Patient V., 49 years old, complained of low vi-
sion of both eyes in the distance, discomfort, itching
of the eyelids of both eyes. Visited a dermatologist
at the place of residence for treatment of acne.

Concomitant diseases: euthyroidism.

When examined, the intermarginal
of the eyelids are thickened.

The patient was tested for demodecosis; an acarogram
revealed 18 adult specimens, 8 larvae and 7 eggs (Fig. 5).

Diagnosed with demodectic blepharitis in both eyes.

Treatment was prescribed: Stillavit drops (or Sys-
tein Ultra, Vizmed) 1 drop 3 times a day in both eyes
for 1 month, further - as the circumstances require.
Trichopol reception, eyelid treatment with Blepharolo-
sione, Blepharogel-2. Re-examination after the course
of treatment.

margins
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FIG. 5.

Demodex folliculorum longus mites. Photo taken using Lomo
MC-8.3 digital camera (Lomo JSC, Russia); magnification x100;
objective 10/0.25; eyepieces WF 10x/22

FIG. 6.

Demodex folliculorum longus mites (adults, larva and egg). Photo
taken using Lomo MC-8.3 digital camera (Lomo JSC, Russia);
magnification x100; objective 10/0.25; eyepieces WF 10x/22
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The patient came for a follow-up examination
1 month later.
Subjectively: observes a decrease in complaints.

Objective: intermarginal margins of eyelids
thickened.

A repeat acarogram revealed 21 adults, 1 larva
and 1 egg.

It is recommended to continue local treatment
of demodectic blepharitis.

The patient came for a follow-up examination
3 months later.

Subjective: observes disappearance of complaints.

Objectively: eye adnexa without peculiarities.

Acarogram result: 5 adults and 1 larva were
revealed.

Clinical case No. 3

Patient N., 49 years old, complained of insufficient vi-
sion in both eyes, periodic redness and peeling of the eye-
lid skin.

Examination: eyelid skin moderately hyperemic, single
scales on eyelashes.

Acarogram result: 5 specimens were revealed.

Treatment of demodecosis was prescribed
at the place of residence: heat compresses on eyelid
skin 2 times a day for 2 months; Blefarolotion - treat-
ment of eyelid skin edges 2 times a day for 2 months;
Blefarogel-2 - treatment of eyelid skin edges 2 times
a day for 2 months.

The patient came for a follow-up examination
2 months later.

Acarogram result: 14 specimens were revealed
(Fig. 6).

Trichopol 0.25 mg regimen for 1 month was added
to the treatment.

The patient came in after treatment for demodeco-
sis for a follow-up examination 2 months later.

Examination: eyelid skin without peculiarities.

Acarogram result: 16 specimens were revealed.

Continued treatment was recommended.

The patient came for a checkup 4 years later.

Examination: eyelid skin pink, single «muffs»
on eyelashes.

Acarogram result: 19 specimens were revealed.

Therefore, despite the ongoing therapy, no posi-
tive dynamics was obtained.

CONCLUSIONS

The data presented in this review suggest that de-
spite the wide variety of drugs and cosmetics available
for the treatment of ophthalmodemodecodosis, thera-
py remains difficult, time-consuming, and ineffective.

In treatment, in an attempt to treat the problem
in a holistic manner, it is worth avoiding the abun-
dance of prescribed medications, as this reduces pa-
tient adherence to treatment.

In assessing acarogram results, any mite stages
that were found are clinically significant.



The use of ointments, tear-replacement drugs can
aggravate the course of the disease.

The importance of Demodex mites in the develop-
ment of blepharitis and blepharoconjunctivitis should
not be underestimated, and it should be considered
that demodecosis may occur against the background
of inflammatory eye diseases of other etiologies.
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ABSTRACT

Background. Math anxiety is a state of fear and anxiety that an individual experi-
ences when interacting with mathematical problems. Currently, there is alack of ques-
tionnaires to measure mathematical anxiety for Russian-speaking schoolchildren.
The aim. The study analyzed the factor structure and psychometric properties
of the Abbreviated Math Anxiety Scale (AMAS).

Materials and methods. The studyinvolved 1,198 schoolchildrenin grades 10-11.
The psychometric properties of the AMAS were analyzed.

Results. AMAS demonstrated bifactor structure: subscales of Learning Math Anxiety
(LMA) and Math Evaluation Anxiety (MEA) and general scale of Math Anxiety. The bi-
factor model demonstrated the best fit indices. Analysis confirmed reliable internal
consistency (Cronbach’s alphas for LMA = 0.82, MEA = 0.75, total AMAS = 0.95).
External validity of AMAS has been confirmed. LMA showed lower scores than MEA.
The distribution of scores on the general AMAS scale was shifted to low values. Girls
showed higher scores on all scales of the questionnaire. The analysis also confirmed
measurement invariance for both boys and girls.

Conclusion. Based on the analysis, we can conclude that the AMAS is a valid tool
for assessing mathematical anxiety in high school students.

Key words: math anxiety, Abbreviated Math Anxiety Scale, factor validity, psycho-
metric properties, high schoolers

For citation: Marakshina J.A., Pavlova A.A., Ismatullina V.l., Lobaskova M.M., Adamo-
vichT.V,, Mironets S.A., Sitnikova M.A., Malykh S.B. Psychometric properties of abbreviated
math anxiety scale in Russian high schoolers. Acta biomedica scientifica. 2024; 9(1): 151-160.
doi: 10.29413/ABS.2024-9.1.16
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PE3IOME

O6ocHosaHue. Mamemamuueckas MpegoXHOCMb — MO COCMOAHUEe CMpaxa
U mpesoau, Komopoe ucnsimelgaem UHOUBUO, K020a 83aumModelicmayem ¢ Mame-
mMamudeckumu 3aoadyamu. B Hacmosuwee spemsa umeemcs HEOOCMAMOK onNpPoc-
HUKO8 0J11 U3MepeHUa Mamemamuyeckoli mpesoXHOCMU y pyCCKO2080PAULUX
WKOJIbHUKOB.

Lens uccnedoeaHnus. B uccnedogaHuu aHanusuposanuce pakmopHas cmpykx-
mypa u ncuxomempuyeckue cgolicmaa CoOKpawéHHoU WKasael Mamemamuyeckou
mpesgoxHocmu (CLUMT).

Memooebl. BuccnedosaHuu npuHsanuydacmue 1198 wikonbHukos 10-11-xKnaccos.
lMpou3ssodusica aHanu3 ncuxomempudeckux caoticme no CLUMT.

Pesynemamel. AHanuz CLUMT geisgun 6ugpakmopHyr cmpykmypy onpocHUKa
C CybWwKanamu mpegoxHocmu usyvyeHus mamemamuku (TVIM) u mpegoxHocmu
mamemamudeckoul oyeHku (TMO) u obweli wkanoli Mamemamuyeckol mpesox-
Hocmu. bugpakmopHas Mmodesib npodeMoHCMpPUPOBAsIa JiyHwiue UHOeKCbl Coom-
semcmaus. AHasau3 No0maeepous1 HA0EXHbIE OUEHKU BHymMpeHHeU C02/1aco8aH-
Hocmu (anega KpoHbaxa 0na cybwkanel TIM = 0,82, 0ns cybwkansl TMO = 0,75,
0519 obweti CLUMT = 0,95). boina noomeepxoeHa eHewHAS 8anudHocme CLUMT.
TUIM obHapyxuna meHbliue oyeHKU no cpasHeHutro ¢ TMO. PacnpedeneHue oye-
Hok obwel wkasebl CLUMT 6b1/10 cMeuweHo K HU3KUM 3HAaYyeHUsM. JJesouku npo-
OdeMoOHcmMpuposasu bosiee 8bICOKUE NOKA3amesu nNo 8cemM WKAam onpoCHUKA.
AHAnU3 makxe noomeepous1 UHBAPUAHMHOCMb U3MepeHUSs KaK 0J15 Maslb4yUKos,
Mak u 0718 0egoYex.

3aknioyeHue. Ha ocHose npoB8eO0EHHO20 AHAIU3A MOXHO COe/1dMb 8bI800,
umo CLUMT aensemca 8asUO0HbIM UHCMPYMEHMOM 015 O4eHKU Mamemamudyeckoli
MpesoXxHOCMU Yy CMApueK/1dCCHUKOB.

Knioueeble cnoea: mamemamuueckas mpesoxHocms, COKpAWEHHAA wKana
Mamemamuyeckol mpesoxHOCMU, hakmopHas 8a/IUOHOCMb, NCUXOMEMpPUYECKUe
ceolicmed, cmapuweKk/1acCHUKU

OnauntnpoBaHmna: MapakwuHa lO.A, MNMaenosa A.A., icmatynnuHa B.A., Jlobackosa M.M.,
Apamosuu T.B., MupoHey C.A., CutHukoa M.A., Manbix C.b. lNcnxomeTpuryeckne cBoncTea
CoKpalLEHHOW LKabl MaTEMATNYECKOWN TPEBOXKHOCTU Ha BbIOOPKE POCCUNCKUX CTaplLue-
KnaccHukoB. Acta biomedica scientifica. 2024;9(1): 151-160. doi: 10.29413/ABS.2024-9.1.16
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INTRODUCTION

Mathematical anxiety (MA) is a state of fear and worry
that a person experiences when solving problems related
to mathematics. Possible definitions are provided by La-
zarus, Hembree, Ashcraft and Faust, and other authors [1].

The nature of math anxiety
and math anxiety theories

Sources of MA can be found in attitudes, upbringing,
and school traumas. Twin studies show that environmen-
tal factors explain up to 70 % of math anxiety [2, 3], among
them such as: parents’ fear of mathematics, low expecta-
tions from the child, bad school experience, gender stere-
otypes and other related reasons [4-12].

The theory of mechanisms of insufficient inhibition [8]
describes the MA feedback loop: first, the MA is triggered
by a mathematical problem; then, when an individual be-
gins to experience anxiety, it limits their working mem-
ory and impairs their ability to solve mathematical prob-
lems, which in turn leads to incorrect solving of a mathe-
matical problem. In other words, MA primarily affects work-
ing memory, and people who exhibit high levels of MA de-
vote some of their working memory capacity to rumination
about their anxiety. EEG source localization using special-
ized approaches (in particular, sLORETA) shows that brain re-
gions such as the insula and amygdala are activated in peo-
ple with MA. The insula is involved in reactions to pain,
and the amygdala is associated with emotional experienc-
es (fear, stress, anxiety). These data support the theory that
explains MA by the anticipation of pain [9]. The attentional
control theory of anxiety posits that anxiety reduces the ef-
fective functioning of attention and increases attention to
threat-related stimuli [10]. Thus, individuals with high MA
demonstrate reactive (post factum) control, whereas indi-
viduals with low anxiety demonstrate proactive (anticipa-
tory) control.

Math anxiety and test anxiety

Since mathematicsis an academic subject thatis taught
in most schools and universities, when studying it, school-
children and students inevitably face the situation of as-
sessing their knowledge in this course. Assessment
of mathematical knowledge is associated with so-called
test anxiety — stress associated with passing a test, often
leading to a decrease in performance (as defined by the
American Psychological Association Dictionary). The con-
cept of test anxiety began to develop in the middle of the
20th century [11]. Test anxiety has a negative impact on ac-
ademic achievement and test scores. However, in the Rus-
sian context there is no instrument for measuring the lev-
el of test anxiety of students, and the terms “test anxiety”
and “exam stress” are used as synonyms. When measuring
MA, itisimportant to have a tool that can differentiate it it-
self from evaluation-related test anxiety. This is especially
true for scales that are developed for older groups of stu-
dents, since they often find themselves in knowledge as-
sessment situations and demonstrate test anxiety.
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Sex differences and gender stereotypes
in the development of math anxiety

Studies show increased MA levels in girls [12]. This may
be due to the influence of gender stereotypes: girls are often
told that they are less mathematically inclined than boys.
This influences girls’ attitudes towards mathematical activ-
ities. On the other hand, some studies also report that in-
stead of math anxiety, girls may be affected by test anxi-
ety [13]. Thus, girls may experience more stress in a math
test situation. Some studies report that in adolescence, girls
begin to rate their mathematical abilities lower than boys,
which can be explained by the increasing influence of gen-
der stereotypes with age [14].

The Abbreviated Math Anxiety Scale

The Abbreviated Math Anxiety Scale (AMAS) was de-
veloped by D.R. Hopko and colleagues [15]. The scale is de-
signed to measure MA. Each task describes a situation as-
sociated either with the process of learning mathematics
or with the process of testing mathematical knowledge.
Participants are required to report the level of their anxie-
ty in the described situation on a five-point scale. Answers
range from “low” to “high” anxiety. Filling out the form
takes no more than 5 minutes. This scale was originally de-
veloped for undergraduate students. It consists of 9 items
and includes two subscales: LMA (learning math anxiety)
and MEA (math evaluation anxiety). The ability to measure
both components of MA (in the situation of learning math-
ematics and assessing mathematical knowledge) is a no-
ticeable advantage of this technique. At the same time,
the two-factor structure is not the only one possible based
on the results of analysis in different countries. Some au-
thors report a two-factor configuration, others report a dif-
ferent structure, particularly with one question belonging
to two scales [16-19]. The test has high internal consist-
ency (a = 0.90) and reliability (two-week period, r = 0.85)
[15]. Convergent validity of the AMAS was demonstrated
using the MARS-R (the Mathematics Anxiety Rating Scale)
and reached r = 0.85. In Russia, the AMAS has not previ-
ously been tested among high school students. Validation
of the AMAS will allow the use of a questionnaire that sepa-
rates MA itself and anxiety associated with assessing math-
ematical knowledge, which is important for high school
students who are constantly faced with exams and tests
in mathematics. This will allow to evaluate the differenc-
es between the two components of MA in boys and girls.
Thus, the purpose of this study is to confirm and evaluate
such psychometric properties of the AMAS as factorial va-
lidity, internal consistency, external validity, and meas-
urement invariance between genders in a sample of high
school students in grades 10-11. Research on MA in gen-
eral and its diagnostics in particular is an important step
in the prevention of anxiety disorders characterized by sig-
nificant and uncontrollable experiences of anxiety and fear,
such that a person'’s social, professional and personal func-
tions are disrupted. Our study contributes to public health
by validation of MA scale aimed at early detection of MA.
This investigation will help specialists to prevent the neg-
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ative consequences of MA on the mental health and well-
being of adolescents.

MATERIALS AND METHODS

Sample

Initially, 2,409 participants completed the question-
naire. The following were removed from the sample:

* those who specified their age as lower than 12y. o,;

* those who didn't identify their sex;

¢ those who took less than 100 ms to complete the test;

¢ those who took more than 1,500 ms to complete
the test;

¢ those with Mahalanobis distance p-value less than
0.001.

Exclusion of those who reported their age below 12
is because of the implausibility of such age for high school
students. Exclusion of who did not specify their gender
is due to the impossibility of including them in the analysis
of gender differences. The exclusion of those who complet-
edthetestinlessthan 100 ms or more than 1,500 ms, as well
as those with Mahalanobis distance p-value less than 0.001,
is due to a high probability of poor questionnaire comple-
tion and, consequently, unreliable data [20, 21].

Thus, the final sample consisted of 1,198 schoolchil-
dren. Age ranged from 15 to 18 years (mean = 16.52; medi-
an = 17.0; standard deviation = 0.63). Among respondents
502 (42 %) were male, 696 (58 %) were female. The study

TABLE 1

included grades 10 and 11. There were 583 children
in grade 10 and 615 were in grade 11.

Procedure
The study was conducted online. Informed consent
was obtained from the parents of all participants. The study
was approved by the Ethics Committee of the Psycholog-
ical Institute of the Russian Academy of Education (proto-
col No. 2020/4-1 of April 2, 2020).

Scales

The Abbreviated Math Anxiety Scale (AMAS) con-
sists of 9 items. The AMAS was adapted from the work
of D.R. Hopko et al. [15]. This version has been translated
into Russian by professional translators (Table 1). Transla-
tion, reverse translation and adaptation of the test were per-
formed by the Cognitive and Interdisciplinary Research Lab-
oratory (Sirius). The questionnaire consists of 9items: 5 items
for the Learning Math Anxiety scale and 4 items for the Math
Evaluation Anxiety scale. Respondents were asked to rate
each statement in terms of how anxious they felt in each
of the situations described. Responses were given on a Lik-
ert scale from 1 (low anxiety) to 5 (high anxiety).

State-Trait Anxiety Inventory STAI-T (Scale of Personal
Anxiety trait) [22]. This scale is one of the scales of State-
Trait Anxiety Inventory (STAI-Scale) of Reactive and Per-
sonal Anxiety by Spilberger. The STAI-T assesses relative-
ly stable aspects of anxiety proneness, including general
states of calm, confidence, and security. Participants need

ABBREVIATED MATH ANXIETY SCALE IN ENGLISH AND RUSSIAN

Item

No. English

1 Having to use the tables in the back of a math book.
2 Thinking about an upcoming math test 1 day before.

Watching a teacher work an algebraic equation
on the blackboard.

4 Taking an examination in a math course.

Being given a homework assignment of many difficult
problems that is due the next class meeting.

6  Listening to a lecture in math class.

7 Listening to another student explain a math formula.

8 Being given a “pop” quiz in math class.

9  Starting a new chapter in a math book.

Russian

MCI'IOHbSyﬂ Tabnuubl B KOHLeE yLIE6HI/IKa no maTemaTukKe.
Llymaﬂ HaKaHyHe O npeacrosAwem Tecte no matemaTuke.

Habntogas, kak npenogasaTtenb 06bACHAET anre6pa|/|quKoe
YpaBHeEHME Ha [OCKe.

BbINosHAA 5K3aMeH Mo MaTemaTuKe.

Monyuas fomaLlHio paboTy € 60NbLIMM KOJIMYECTBOM
TPYAHbIX 33[a4, KOTOPYIO HY>KHO PELLUTD K CliefyoLemy
3aHATYIO.

Cnymaﬂ NeKUno Ha 3aHATN MO MaTEMaTUKe.

Cnywas, Kak ipyroi CTyfeHT 06 bACHAET MaTeMaTUUECKYIO
dopmyny.

BbinonHsas BHEMJIaHOBYIO KOHTPOJIbHYIO Ha 3aHATUN
no maTemaTuke.

HaunHas HoBylo rnaBy No maTematyKe.

Note. Instruction for participants: please rate each statement in terms of how much anxiety you feel in each of the situations described. Response scale: 1 — low anxiety; 2 — slight anxiety; 3 — moderate anxiety;

4 —major anxiety; 5 — high anxiety.
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to rate how they usually feel. Ratings range from “almost
never” to “almost always".

Perceived Difficulty of Math (scale of Questionnaire “Gender
stereotypes and incremental beliefs about STEM”) [23]. The scale
is aimed at identifying difficulties associated with learning
mathematics, according to self-reports of schoolchildren.
This scale includes 4 items (“l usually do well in math (reverse
coded)”, “Math is harder for me than for many of my class-
mates”, “Studying math gives me anxiety”, “Math is hard-
er for me than other subjects”). Participants rated all items
on the same 4-point Likert scale (with 2 negative and 2 pos-
itive ratings). Cronbach'’s alpha (0.8) for the scale demon-
strates good internal consistency.

Data analysis

The first stage of analysis included the calculation of de-
scriptive statistics. Confirmatory factor analysis (CFA) was then
conducted using the WLSMV estimator. The following fit indi-
ces were used to evaluate the model: Root Mean Square Error
of Approximation (RMSEA), Comparative Fit Index (CFI), Tuck-
er — Lewis Index (TLI), and Standardized Root Mean Square
Measure (SRMR). The next step in the analysis was to assess
internal consistency using Cronbach'’s alpha. External valid-
ity was measured using Spearman correlations of the AMAS
scales and other questionnaires. Differences between sexes
were then assessed by comparing means. In addition, meas-
urementinvariance across genders was analyzed using struc-
tural equation modeling (SEM), a procedure that selected the
“automatic” estimator in SEM offered in JASP. Measurement
invariance was assessed using two measures: configural and
metricinvariance. Configurational invariance was assessed by
the CFl and RMSEA indices. Metric invariance was assessed
using ACFl and ARMSEA. All statistical measurements were
performed in R version 4.2.1 and JASP.

RESULTS

Descriptive statistics
At the first stage of the analysis descriptive statis-
tics were calculated. The results are presented in Table 2.
As can be seen, LMA is less pronounced than MEA.

TABLE 2

DESCRIPTIVE STATISTICS FOR LMA, MEA
AND AMAS_TOTAL

Number

Scales of items Mean Std  Median Max
LMA 5 2.0 33 0.0 20
MEA 4 6.8 4.0 7.0 16
AMAS_total 9 8.8 6.3 8.0 36
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Distribution graphs of the AMAS total scale and two
subscales are presented in Figure 1. In general, the distri-
bution of the AMAS is shifted towards low values. The ob-
tained result is one of the typical variants of the distribu-
tion of MA scores: it has been shown that low MA scores
are most common in the population [24]. Pearson'’s cor-
relation between LMA and MEA is 0.51.

50 75 100 125
AVAS MEA

Count

3 8888

o

15 20

AMAS

FIG. 1.
Frequency histograms for LMA, MEA and total AMAS scales
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Confirmatory factor analysis (CFA)

The CFA tested three models: one-factor, two-factor,
and bifactor. The following indicators were used as stand-
ards in evaluating model fit indices: Standardized Root Mean
Square (SRMR) < 0.08, Tucker — Lewis index (TLI) scores ap-
proaching 1, Comparative Fit Index (CFI) > 0.95, and Root
Mean Square Error of Approximation (RMSEA) < 0.08. The
bifactor model demonstrated good statistics and had bet-
ter fit indices than the others: RMSEA = 0.018, CFl = 1.000,
TLI =0.999, SRMR = 0.023 (Table 3).

TABLE 3

MODEL FIT INDICATORS (CONFIRMATORY FACTOR
ANALYSIS, CFA)

Models CFI TLI RMSEA SRMR
1-factor 0.972 0.962 0.143 0.115
2-factor 0.995 0.993 0.062 0.053
Bifactor 1.000 0.999 0.018 0.023

Standardized CFA loadings for the bifactor model
are presented in Table 4.

Factor configuration of our data appropriates two fac-
tors of Learning Math Anxiety and Math Evaluation Anxiety
with general (common) Math Anxiety Factor. LMA includes
5items(1,3,6,7,9) MEA -4 items (2,4, 8, 5). The factor mod-
el is presented on Figure 2.

TABLE 4

STANDARDIZED CFA LOADINGS FOR THE BIFACTOR
MODEL

Estimate
Item Learning Math Evaluation General
Math Anxiety Anxiety Math Anxiety
1 0.279 - 0.647
3 0.306 - 0.825
6 0.469 - 0.777
7 0.500 - 0.704
9 0.290 - 0.791
2 - 0.518 0.704
4 - 0.675 0.519
8 - 0.584 0.685
9 - 0.246 0.592

Internal consistency
To assess internal consistency, Cronbach’s Alpha
was analyzed and demonstrated the following: 0.82 for
LMA, 0.75 for MEA, 0.92 for the total MA scale. The obtained
alpha values above 0.7 showed good internal consistency
and confirmed the internal consistency of the data.

External validity
One of the possible ways to test the external (con-
struct) validity of the AMAS may be to use school anxie-
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FIG 2.

Model plot for factor structure of AMAS
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ty scales. The most common tool for assessing school anx-
iety in Russia is the Phillips School Anxiety Scale. Howev-
er, it was adapted either in the form of a teacher’s report,
which does not allow the results to be directly correlated
with the AMAS, which uses self-report, or for younger partici-
pants (grades 3-8) - our adaptation of the AMAS was carried
out on schoolchildren in grades 10-11 [25-27]. The scope
of this scale includes the manifestation of anxiety in edu-
cational activities, social stress at school, social behavior,
which is not directly related to MA. This scale is quite difficult
for screening because it consists of 8 subscales, including
58 questions. It is criticized in the literature [28]. These lim-
itations do not allow the use of school anxiety scales to as-
sess the external validity of the AMAS.

In our study, the external validity of the AMAS
general scale was assessed by Spearman correlations
with the STAI-T and Perceived Difficulty of Math. The STAI-T
techniqueis highly reliable and is used in a variety of prac-
tices. It has proven itself well in previous studies assess-
ing the external validity of the MA technique, in particu-
lar, in the recent study by M.I. NUfez-Pefa and G. Guilera
on the validation of the brief MA scale in a Spanish-speak-
ing sample [29]. The STAI-Tis also used to differentiate be-
tween different forms of anxiety. For example, in a study
by L. Buratta et al. [30], the use of the STAl was able to dif-
ferentiate the role of MA from other forms of anxiety
and found that levels of trait anxiety and situational anx-
iety did not correlate with or negatively affect math per-
formance. The use of the “Perceived Difficulty of Math”
scale from the “Gender stereotypes and incremental be-
liefs about STEM” questionnaire allows, firstly, to addition-
ally monitor the occurrence of a negative emotional state
associated with mathematics (the item “Studying math
gives me anxiety”), similar to the MA questionnaire SIMA,
which consists of one question and has high correlations

TABLE 6

with the AMAS [31]. Secondly, the use of the scale provides
to assess the student’s self-esteem of abilities specifically
in mathematics, and not within the framework of the en-
tire educational process.

As a result, significant correlations between the AMAS
and the used scales were found (Table 5).

TABLE 5

CORRELATIONS BETWEEN AMAS TOTAL SCALE, STAI-T
AND PERCEIVED DIFFICULTY OF MATH

Indices AMAS Total
STAI-T 0.38*
Perceived Difficulty of Math 0.35*

Note. *-p <0.001.

Gender differences and measurement invariance
across genders

The next step in our analysis was to assess sex differenc-
es. Theresults are presented in Table 6. Overall, girls showed
higher MA, which is consistent with previous studies. How-
ever, for LMA differences are insignificant.

Measurement invariance across genders was also in-
vestigated in this study (Table 7). Two models were tested:
model 1 corresponds to configural invariance, model 2 char-
acterizes metric invariance. The following indices were se-
lected as demonstrating good model 1 fit: the CFl of > 0.95,
and RMSEA < 0.08. CFl = 1.000 and RMSEA = 0.000 obtained
for model 1 are within acceptable values, which demon-
strates that the data is invariant in terms of configural invari-
ance. Metricinvariance (model 2) demonstrated ACFI=0.000
and ARMSEA = 0.000, p = 0.497. As reported, ACFl < 0.010
and ARMSEA < 0.015 demonstrates metric invariance [32].

GENDER DIFFERENCES AND DESCRIPTIVE STATISTICS FORLMA, MEA AND AMAS_TOTAL

Male Female
Scales Mean difference p-value
M Sd M Sd
LMA 1.8 3.2 2.2 3.4 0.5 0.02
MEA 5.6 3.8 7.6 3.9 2.0 < 0.001
AMAS_total 7.4 6.0 9.9 6.4 2.5 < 0.001
TABLE 7
FIT INDICES FOR MEASUREMENT INVARIANCE ACROSS GENDERS
Baseline test Difference test
Models CFI RMSEA
X Df P ACFI ARMSEA Ay Adf p
Model 1 1.000 0.000 31.749 36 0.671 - - - - -
Model 2 1.000 0.000 46.284 51 0.661 0.000 0.000 14.373 15 0.497
157

Psychology and psychiatry



DISCUSSION

This study had several objectives, including: assess-
ing the factorial validity of the AMAS questionnaire, as-
sessing the internal consistency of the methodology, as-
sessing the external validity of the scale, and analyzing sex
differences and measurement invariance. All stated goals
were achieved and the results are discussed in more de-
tail below.

First, analysis of factor validity was carried out. A con-
firmatory factor analysis procedure was used to assess
the factorial validity of AMAS. Three models were evaluat-
ed: one-factor, two-factor and bifactor (with a general MA
factor and two subscales). The analysis showed that the bi-
factor model provided a better fit to the data. The obtained
result is consistent with the conclusions of other studies
demonstrating the best fit of this model [16, 33]. Thus, our
version of the questionnaire consists of two subscales: LMA
(5 items) and MEA (4 items). The distribution of questions
on scales was the same as in previous studies [15]. This anal-
ysis allows us to measure math anxiety using AMAS both
in a learning situation and in a situation of knowledge as-
sessment.

Second, internal consistency was evaluated. In our study,
high scores were obtained on the Cronbach’s alpha for gen-
eral math anxiety, as well as on the LMA and MEA subscales.
This indicates a high internal consistency of the question-
naire. The results obtained are consistent with original ver-
sion [15].

Third, external validity was estimated. A study of Ci-
pora and colleagues has shown that mathematics anxiety
correlates with general anxiety [17]; therefore, the Spiel-
berger State - Trait Anxiety Inventory STAI-T was cho-
sen to assess external validity. This study has shown low
but significant correlations between AMAS and STAI-T
[17], a similar result was observed in our study. We also
used the Perceived Difficulty of Math questionnaire (scale
of Questionnaire “Gender stereotypes and incremental be-
liefs about STEM”) for the first time to test external validity.
The results showed low but significant correlations. This
may indicate that perceived difficulty of math and math
anxiety are related constructs: math-anxious individuals
perceive math as a complicated subject to tackle and be-
come anxious when dealing with it. This can also work
in reverse: anxiety prevents concentrating on math prob-
lem, so it is perceived by the student as difficult. Possible
mechanism may be related to overload of working memo-
ry, which is consistent with the Deficient Inhibition Mech-
anism theory [8].

Finally, sex differences and measurement invariance
across sexes were evaluated. The assessment of sex dif-
ferences in AMAS in our study was provided separately
on the LMA and MEA subscales and the total scale of math
anxiety. This seems to be justified, since, on the one hand,
studies describe an increase in math anxiety scores in girls,
on the other hand, some report an increase in math anxie-
ty only in the assessment situation. Therefore, it is impor-
tant to separate these constructs in the analysis. Our re-
sults are consistent with previous studies [8]. An increase

in general math anxiety, MEA, which characterizes specif-
icanxiety in the assessment of math knowledge, and LMA,
math anxiety in a learning situation were shown. Thus, old-
er adolescent girls experience greater anxiety when stud-
ying and assessing their knowledge, which may be the re-
sult of the influence of gender stereotypes. Most likely,
this increase in anxiety is due to the girls of this age being
more exposed to gender stereotypes over their lifetime.
The performed analysis of measurement invariance dem-
onstrated configural invariance, which suggests the unity
of the math anxiety construct measured by AMAS in both
sexes. Also, our data demonstrated the similarity of fac-
tor loadings in boys and girls, as evidenced by metric in-
variance.

The strengths and weaknesses of the present study
should be noted. One obvious advantage of this study
is the sufficient sample size, which ensured the reliabil-
ity of the statistical analysis and the conclusions drawn
from it. Another advantage is that for the first time
in the Russian-speaking sample, the invariance of the meas-
urement by sex was assessed. As for limitations of this
study, there is a lack of analysis of test-retest reliability,
which should be carried out in future studies.

CONCLUSIONS

AMAS demonstrated acceptable psychometric prop-
erties and factorial validity, which makes it a sufficient-
ly effective tool to assess mathematics anxiety in high
school students. The unique advantage of the scale lies
in the possibility of distinguishing between the measure-
ment of test anxiety in the situation of evaluating math-
ematical concepts, and mathematics anxiety in the situa-
tion of everyday learning. This scale can be useful in peda-
gogy. It can be used by practicing psychologists, for exam-
ple, at school, to detect and prevent cases of mathematics
anxiety in a timely manner, which can reduce the distress
that occurs in the classroom. In general, this can make ed-
ucation more effective, as it assesses individual differenc-
es in anxiety and takes them into account when organizing
the educational environment.
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IDEAS ABOUT THE STRESSFULNESS OF THE PARENTAL ROLE
IN POTENTIAL PARENTS: OBJECTIVE AND SUBJECTIVE DETERMINANTS

Tikhonova l.V., ABSTRACT
Shipova N.S.,
Misiyuk Yu.V. Studying stress factors of childbirth intentions is an important parameter in popula-

tion development policy making. There is no data on the comparison of the relative
importance of different types of determinants and stress inducing factors of parenting
in the scientific literature.

The aim of the study. To study the factors determining the ideas about the stressful-
ness of the parental role among modern youth.

Materials and methods. The sample consisted of 364 students with no parenting
experience. Three groups were identified, differing in their orientation towards hav-
ing children: a group with a focus on single-child parenting (257 people); group
with childfree focus (32 people); group with a focus on multi-child parenting (75 peo-
ple). The following methods were used: socio-demographic questionnaire; “Parental

Kostroma State University
(Dzerzhinskogo str. 17/11,
Kostroma 156005, Russian Federation)

Corresponding author: Stress Scale” (J.0. Berry, W. Jones, 1995; adapted by Yu.V. Misiyuk, .V. Tikhonova, 2022);
Natalya S. Shipova, “Intensive Parenting Attitudes Questionnaire” (M. Liss, H.H. Schiffrin, V.H. Mackintosh,
e-mail: sronia_777@mail.ru H. Miles-McLean, M.J. Erchull, 2013; adapted by Yu.V. Misiyuk, 2022); express version

ofthe “World Assumptions Scale” (R. Yanoff-Bulman; modified by M.A. Padun, A.V. Ko-
telnikova; author’s semi-structured interview.

Results. We analyzed the ideas about the stress that is associated with fulfilling the pa-
rental role. Parameters that potentially act as the factors determining the stressfulness
of parenthood are considered. The specificity of ideas on parental stress and its determi-
nants is analyzed in accordance with the dominant orientation towards childbearing.
Conclusion. Ideas about the stressfulness of the parental role are determined by ob-
jective (age, status of personal relationships, education) and subjective (assessment
of family relationship, attitudes towards the need to stimulate the child’s development,
essentialism and satisfaction from upbringing children) factors, but subjective ones
have the greatest weight. The specificity of the determination of ideas about parental
stress depending on the orientation towards childbearing has been revealed.

Key words: parenting, ideas about parenting, parental stress, intensive parenting,
stressful parenting role, youth

Received: 05.06.2023 For citation: Tikhonova LV., Shipova N.S., Misiyuk Yu.V. Ideas about the stressfulness
Accepted: 24.01.2024 of the parental role in potential parents: objective and subjective determinants. Acta
Published: 26.03.2024 biomedica scientifica. 2024; 9(1): 161-176. doi: 10.29413/ABS.2024-9.1.17

161

Psychology and psychiatry



ACTA BIOMEDICA SCIENTIFICA, 2024,Vol. 9, N 1

NPEACTABJIEHUA O CTPECCOTEHHOCTU POAUTEJIbCKON PONN
Y NOTEHUUANbHbLIX POAUTEJIEN: OBbEKTUBHbBIE U CYBbEKTUBHDIE
OETEPMUWHAHTDI

TnxoHosa .B., PE3IOME
Wwvnosa H.C,,
Mwucuiok 10.B. W3yueHue cmpecc-(hakmopos HamepeHuti pox0aeMocmu A8/19emca 8aXHbIM Napa-

Mempom hopMUPOBAHUSA NOIUMUKU pd38UMUs HacesleHus. B HayyHol numepamype
omcymcmayem cpasHeHue omHocumesibHol 8aXHOCMU pas3/uYHbIX 8UO08 demep-
MUHAHM U (hakmopos cmpecco2eHHOCMu pooumesibCKol posu.
Llenv uccnedoeaHus. VizyyeHue ¢pakmopos, demepMUHUPYOWUX npedcmasieHus
0 CMpeccozeHHOCMU podUMesbCKOU PosU y co8pemMeHHOU MOT00EXU.
Memoodel. Boibopka cocmosna uz 364 cmydeHmos 6e3 onelma podumesibcmaa. Boi-
OeJsieHbl MpU 2pynnel, PAsuYaoUUXcs NO OpueHMayuu Ha poxoeHueb demel: epyn-
na nomeHyuaabHO ManodemHsix pooumernel (257 denosek); epynna ¢ 4yaino-gppu
opueHmauuel (32 yenogeka); 2pynna c opueHmauyuet Ha MHo200emHocme (75 ye-
J108ek). Micnonb3osanuce cnedyroujue MemoouKu: CoyuaibHo-0emMopaguyeckas aH-
ABTOp, OTBETCTBEHHbIVI 3a Nepenncky:  Kema; «lllkana pooumeneckozo cmpecca» (Parental Stress Scale; J.O. Berry, W. Jones,
LLinnosa Hatanba CepreesHa, 1995, adanmayus F0.B. Mucurok, U.B. TuxoHosol, 2022); «OnNpOCHUK YCMAHOB0OK
e-mail: ronia_777@mail.ru Ha uHMeHcusHoe pooumenbcmeo» (Intensive Parenting Attitudes Questionnaire; M.
Liss, H.H. Schiffrin, V.H. Mackintosh, H. Miles-McLean, M.J. Erchull, 2013; adanmayus
10.B. Mucurok, 2022); skcnpecc-eapuaHm «llkanel 6asucHeix y6exoeHul» (World
Assumptions Scale (WAS); R. Janoff-Bulman,; modugukayus M.A. [ladyH, A.B. Komene-
HUKO080U); aBMopcKoe NosIycmpyKmypupo8aHHOe UHMepP8bIo.
Pesynemamel. Hamu 6b171U npoaHanu3uposaHsl npedcmassieHus o cmpecce, Komo-
pbili CONpsXEH C UCNOSTHeHUeM pooumesibCKol posu. PaccMompeHsl napamvempbl,
NnomeHYuaabLHO 8bicmynaroujue Kak (hakmopel, onpedesisioujue cmpecco2eHHOCMb
podumesibcmea. [lpoaHanusuposaHa cneyuguxa npedcmassieHuli 0 pooumesnbCKom
cmpecce U e2o0 demepMUHAHM 8 cOOM8emMcmauu ¢ oMuHupyrowel opueHmauyueti
Ha 0emopoxoeHue.
3aknioyeHnue. [TpedcmassieHUs 0 cmpeccozeHHOCMu pooumesibCkol posiu onpede-
nAmca 06veKmMuUBHbIMU (803pdcm, cmamyc JIUYHbIX omHoweHul, o6pazosaHue)
U cybvekmueHbIMU (OyeHKa cemeliHbIX OmHOoWweHUU, ycmaHoB8KU HAa HE06X00UMOCMb
CMUMynAayuu pasgumus pebéHKka, 3CCeHyuanu3M U noJsiydeHue yooesiemeopeHus
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INTRODUCTION

«Parenting as the main purpose of life», <happiness
of motherhood/fatherhood» - all these clichés have
turned into social stereotypes, which, however, have
little relation to reality. Parenting as a source of stress
and a cause of maladaptive mental states is increasingly
considered by Russian and foreign science [1, 2]. Costs,
inconveniences both material and psychological can
aggravate the current situation in the life of parents [3].
The consequences of parental stress (PS) are wide-rang-
ing and diverse: it is associated with poor health, poor
marital relationships and child abuse, and interference
with children’s normal mental development [4]. It has
been evidenced that perceived parental stress related
to parental demands upon themselves can have a nega-
tive impact on maternal mental health and well-being [5],
contribute to the dysfunctional development of parent-
child and partner relationships, and thus represent risk
factors for psychopathology of all members of the fam-
ily system [6]. Consequently, examining stressors of par-
enting image is an important part of early identification
of risks and targets for intervention to prevent more se-
rious adverse outcomes.

The factors contributing to the stressogenici-
ty of the parental role have now been systematised
and identified into several groups [7]:

Socio-demographic indicators: gender (parental role
is more stressful for mothers than for fathers) [1, 8]; age
(young parents are more stressed, as well as parents over
37 years old) [9]; material security (indicated as the main
factor of stressfulness of the paternal role) [10].

Social-psychological indicators: social support (in-
significant support from family and society is associ-
ated with more negative emotions and more stress
from upbringing) [1, 11]; presence of a conflict situation
in the family [9].

Psychological characteristics of the child: infant tem-
perament [12]; developmental disorders and childhood
illnesses, behavioural problems of children [13], etc.

Psychological characteristics of the parent: difficul-
ties in time allocation and differentiating the spheres
of family and work [14]; physiological factors and sleep
deficit [11], parenting style [3, 13]; parental competence
and emotional state [15].

An important point to note, however, is that there is no
comparison in the literature of the relative importance
of different types of parental role stressors, which repre-
sent a key component of fertility orientation that should
help optimise fertility promotion policies. Existing studies
have focused on actual parents rather than young people
who are potential parents and therefore key targets of fer-
tility policy interventions. In doing so, it is crucial to under-
stand what factors determine the stressfulness of parent-
ing images among young people and, consequently, may
influence attitudes towards childbearing intentions.

Analyses of the age of decision-making with regard
to deliberate childlessness show that most child-free
adults declare their intentions to remain childless early

- in adolescence or, predominantly, in early childbearing
(adolescence), while the age of decision-making does not
show differences by gender subgroups [16]. Parenting
attitudes are formed as relatively stable by adolescence,
undergoing later only some changes under the influence
of the life situation and other factors, and by adolescence,
on the basis of the formed attitudes, an image-constructed
content has already been formed, including individual
and general cognitive schemes of parental actions in par-
ticular and parental behaviour in general at three levels:
social, microsocial, personal and semantic. Accordingly,
the perceptions of the difficulties associated with the ful-
filment of the parental role, as well as one’s own repro-
ductive plans, which are expressed in the orientation
to parenting that we are studying, make sense to study
in adolescence [17, 18].

According to A. Eisen’s theoretical scheme, the deci-
sion-making process about having a child is limited by cer-
tain “life factors” (i.e. subjective and contextual conditions)
[19]. Childbearing intentions are associated with individu-
al socioeconomic status, including family income, human
capital (i.e. education/health) and quality of employment,
which is conventionally categorised in the literature as ob-
jective factors. Studies are available examining perceptions
of future parenting in relation to factors such as gender
and age [17]. Adolescence is ascertained as a period of for-
mation of more adequate and definite ideas about parent-
ing; gender specificity is also revealed, which is manifested
in the advanced nature of formation of ideas about future
parenting in girls. A subjective factor such as perception
of parental role is also associated with heterogeneity
in fertility intentions [20]. The system of value orientations
acts as a condition for the formation of a harmonious at-
titude to parenting, and a high value of parenting is asso-
ciated with a positive attitude to motherhood and father-
hood and to oneself as a parent. Peculiarities of parental
families [21], self-awareness and conscious regulation [22]
are also considered as factors influencing the formation
of perceptions of motherhood and fatherhood. S.V. Mer-
zlyakova et al. performed a systematic study of macro-,
meso- and micro-level factors that determine different
components of family self-determination. The role of such
factors as gender, age, cognitive abilities, temperament
properties, emotional and volitional features of personality,
competence in communication, responsibility, moral orien-
tations is demonstrated at the micro level [23].

Thus, a large volume of literature has been published
that has theoretically or empirically discussed fertility in-
tention and its determinants. Numerous situational, so-
cio-economic, child and parental factors contributing
to PS, quite widely studied in domestic and foreign liter-
ature, are not exhaustive characteristics that influence
the stressoriness of the parental role image in potential
parents. At the same time, in-depth knowledge about
the relative importance of various factors influencing
the subjective perception of parenting and specifically the im-
age of parental role stressors is still lacking. However, it is cru-
cial to reveal them in order to be able to help reduce stress
during the childbearing planning stage. The significant
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role of subjective psychological factors of the image
of parenting stressogenicity remains beyond the scope
of the study, forming the problem field of the present
study. Moreover, the study of constraints (stressors) af-
fecting fertility intentions is an important basis for shaping
population development policies.

As a result, the purpose of the study was deter-
mined by the exploratory study of the factors deter-
mining the perceptions of stressfulness of the parental
role in modern youth. In accordance with the theoret-
ical framework, the current study considers personal
and contextual determinants of the perception of pa-
rental role stressoriness, and they are subdivided into
two conventional measurement vectors: objective (so-
cio-demographic and anamnestic characteristics, gen-
der, age, education, marital status, type of parental fam-
ily, socio-economic status) and subjective (basic beliefs
of the individual, attitudes about the intensity of par-
enting, assessment of their own child-parent and family
relationships).

The choice of the mentioned subjective factors
is oriented on modern research of stress mechanisms
and factors, among which a significant role is assigned
to beliefs and attitudes. Baseline beliefs are defined
as «an individual’s implicit global, stable beliefs about
the world and himself/herself that influence the think-
ing, emotional state and behavior of a person» [24]
as one of the significant mechanisms for the formation
of intense stress and posttraumatic recovery. Their influ-
ence over essential aspects of a person’s social life, inter-
action and relationships with surrounding people has
been demonstrated [25]. Among the dominant trends
and approaches to upbringing is a variation of conscious,
super-inclusive parenting, which implies excessive in-
volvement of modern men and women in the develop-
ment of the child, parental determinism and compre-
hensive development of the child to achieve a higher
social status. This approach in the Western and domes-
tic scientific discourse is represented by the attitudes
to «intensive parenting» [26]. Intensive parenting at-
titudes can act as a stressor of the parental role, detri-
mentally affecting the mental health of parents [3], as-
sociated with decreased life satisfaction, a constant sense
of burden due to the parental role, and reflecting the se-
verity of the demands of parenting, which in the context
of increased expectations of the parenting role from so-
ciety forms a stable subjective attitude to the perception
of fatherhood and motherhood long before the appear-
ance of children.

The main hypothesis of the study is the assump-
tion of the predominant influence of subjective fac-
tors over the perceived stressfulness of parental role
representations.

METHODS

To investigate the perceptions of stressfulness
of the parental role among potential parents, the Parental

Stress Scale (Parental Stress Scale; J.0.Berry, W. Jones (1995),
Russian version adapted from Y.V. Misiyuk and I.V. Tikhon-
ova (2022)) was used, which reveals the general level of PS
(in our study — perceptions of PS level) regardless of so-
cio-demographic and situational indicators, and also al-
lows to determine the expression of PS parameters (pa-
rental stressors, loss of control, parental reward/damage,
parental satisfaction/dissatisfaction) [27].

A socio-demographic questionnaire was used to ob-
serve objective factors, and the following techniques
were applied to study subjective factors:

« the socio-psychological section of the question-
naire, which surveyed the assessment of relationships
in the family, orientations towards marriage, family rela-
tions, and childbearing;

« Intensive Parenting Attitudes Questionnaire
(M. Liss, H.H. Schiffrin, V.H. Mackintosh, H. Miles-McLean,
M.J. Erchull (2013); adaptation by Y.V. Misiyuk (2022)),
which diagnoses the expression of attitudes towards in-
tensive parenting, which include essentialism, satisfac-
tion, difficulty, stimulation, and detocentrism [26];

- express variant of the World Assumptions Scale
(WAS) questionnaire (R. Janoff-Bulman; modified
by M.A. Padun and A.V. Kotelnikova). The original form
of the questionnaire was modified. From each scale
proposed by the authors («Self-image», «Benevolence
of the surrounding world», «Justice», «Luck», «Beliefs
about control»), the statement that has the highest fac-
tor loadings according to the results of psychometric
testing was selected [25]. These statements were offered
to respondents in the form of visual scales, the degree
of agreement with the statement was assessed in per-
centage expression on the scale.

In the text, results are presented in the format
of mean scores and percentage expression, taking into
account the maximum possible values (parameters are
given for each indicator). Percentage scores should
be used when assessing scale severity and for ease
of comparison of results.

The instructions for the questionnaires were subject
to modification; respondents were asked to give an-
swers in terms of perceptions of a hypothetical relation-
ship with a future child.

The following statistical procedures of the SPSS
Statistics 22 software package (IBM Corp., USA) were
used: descriptive statistics (for an overview descrip-
tion of the results of the research instruments); Spear-
man'’s correlation coefficient (to determine correla-
tions between variables); regression analysis (stepwise
ridge regression method - to identify the influence
of variables).

The study was based on the principle of voluntari-
ness; all respondents gave informed consent to par-
ticipate. Interviewees were informed of the purpose
of the study and their rights. The principles of confiden-
tiality and environmental friendliness were respected.
The study was approved by the local ethical committee
of the Kostroma State University (Minutes No. 2 dated
April 22, 2022).
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RESULTS

The sample (generalised characteristics are sum-
marised in Table 1) consisted of 364 childless stu-
dents (218 (59.9 %) girls, 146 (40.1 %) boys) who re-
ceive pedagogical, medical, sociological, engineering
and technical education in higher educational insti-
tutions of Kostroma and Yaroslavl. The mean age was
19.43 years (SD = 1.87).

In the sample there is a significant representation
(26.9 %) of the group of respondents with «<incomplete
higher» education - these are persons who have not
completed higher education in the past or who have
changed their speciality of education; 47.53 per cent
of young people are not in a relationship. 71.15 per cent
were brought up in a small family, 19.5 per cent of re-
spondents had no siblings.

The results of descriptive statistics (Table 2) demon-
strate that the overall level of PS in the perceptions
of young people corresponds to moderate values. Paren-
tal dissatisfaction is the least expressed in the PS «pro-
file»; increased level of demands to the parent («stress-
ors»), the probability of losing control over one’s own
life and the deficit of emotional rewards from the reali-
sation of the parental role are recognised.

Prospective parents perceive the parenting
role as «intense». They have beliefs about the need
to actively stimulate children’s development, an atti-
tude of perceiving the parental role as time-consum-
ing and perceive the child as the centre of attention
in the family. To a lesser extent, the attitude to essential-
ism is expressed, i.e. the respondents are not oriented
to the mother’s primacy in child care and upbringing.

Generally, young people show a prevalence of positive
basic beliefs about the «Self-image», demonstrate stable
perceptions of control over their own lives and events,

TABLE 1

but to a lesser extent believe in their own luck, fairness
and benevolence of the world around them. Child - parent
and family relationships are rated quite highly by respon-
dents (M =8.19 and M = 8.14 out of 10).

Let us present a scheme reflecting the dependence
of parental stress parameters over objective and subjec-
tive characteristics (Fig. 1).

The overall regression was statistically significant
for measures of total expected PS and its components.
It was revealed that they were significantly predicted
by objective factors such as age, personal relationship
status and education, and subjective factors such
as evaluation of family relationships, attitudes towards
the need to stimulate child development, essentialism
and gaining satisfaction from child upbringing. Overall
PS (R =0.61; R? = 0.37; p = 0.000) was positively pre-
dicted by attitudes towards intensive parenting: dif-
ficulty (B = 0.13; p = 0.004) and stimulation (§ = 0.14;
p = 0.001) - as well as respondent age (B = 0.13;
p = 0.004); while it was negatively determined by family
relationship evaluation (f =-0.13; p = 0.003).

The assessment of the parental role as stressful (lev-
el of «parental stressors») (R = 0.66; R? = 0.44; p = 0.000)
was positively contributed by the absence of a part-
ner (single/unmarried status) (B = 0.08; p = 0.05), level
of education (incomplete higher education) ( = 0.11;
p = 0.01), essentialism attitude (B =0.10; p = 0.01); neg-
ative contribution - subjective evaluation of family rela-
tions (B =-0.15; p = 0.0006).

Perceptions of potential limitations and emotional
discomfort from the parental role («parental damage») are
statistically significantly positively predicted (R = 0.45;
R?> = 0.20; p = 0.000) by respondent age (B = 0.13;
p = 0.008), stimulation attitude ( = 0.19; p = 0.00006),
and negatively by parental role satisfaction attitude
(B=-0.19; p = 0.0002).

DESCRIPTIVE STATISTICS OF OBJECTIVE DETERMINANTS/FACTORS IN THE YOUTH SAMPLE (n = 364)

Sex (n) Age (M)
male female male female
146 218 19.43 19.37
Marital status (n)
single/ romantically .
unmarried involved il el
179 173 12

Parental family characteristics (n)

single-parent family/

traditional family divorced

261 96

165

Education (n)

mean vocational incomplete higher
secondary higher 9
184 58 98 24
Presence of siblings (n)
1 2 3 or more no
188 73 32 71
Type of activity (n)
students employed students

364 68
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TABLE 2

DESCRIPTIVE STATISTICS OF SEVERITY INDICES OF PERCEPTIONS OF PARENTAL ROLE STRESSORS
AND PERCEIVED SUBJECTIVE DETERMINANTS/FACTORS IN THE YOUTH SAMPLE (n = 364)

M (%) 15.37/51.22 12.11/48.45 9.11/45.55 6.63/36.86 44.37/49.30
o 4.34 6.36 3.29 2.85 12.78

M (%) 22.48/46.84 17.07/71.14 18.74/72.15 26.75/74.31 11.37/63.19
o 5.62 3.53 3.1 3.50 243

M 77.13 5247 62.32 61.41 71.07 8.19 8.14
o 47.86 24.58 26.91 22.55 21.28 1.91 2.03
FIG. 1.

Regression analysis of factors predicting perceptions of parental stress among youths
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The expectation of losing control over their own
lives among potential parents is positively determined
(R=0.66; R? = 0.43; p = 0.000) by the fact of not having
a partner (B = 0.11; p = 0.01), by the attitude of essen-
tialism (B = 0.13; p = 0.001), and negatively by the eval-
uation of family relationships (B =-0.14; p = 0.0009).

The important PS indicator «parental dissatisfac-
tion» in young people’s perceptions will be positively
predicted (R = 0.55; R> = 0.29; p = 0.000) by respon-
dentage (3 =0.11; p=0.02) and attitudinal stimulation
(B =0.16; p = 0.0006).

The sample was divided into three empirical groups
by childbearing orientation and based on the respon-
dents’ answers in the questionnaire about the desired
number of children in the future. Within the study
group, the following were distinguished: a group
of potentially childless parents with an orientation to-
wards the classical family structure with 1-2 children
(n = 257; M = 19.45; SD = 1.86); a group of child-free
parents who declared their unwillingness to have
children in the future (n = 32; M = 18.78; SD = 1.48);
a group of persons with an orientation towards having
many children (n =75; M = 19.45; SD = 2.01), who noted
their intention to have 3 or more children (Table 3).

Among the socio-demographic characteristics
in the identified empirical groups, the following
should be highlighted as key features. Girls (61.9 %)
are more oriented towards having few children than
boys (38.1 %); the majority are in a romantic relation-
ship (52.5 %) or in an official marriage (4.7 %); this
group has the highest percentage of employed (21 %)
young people who already have secondary vocation-
al education (16.7 %); the majority grew up in a com-
plete family (70.8 %); the highest percentage of young
people without siblings (22.2 %) among all groups. There
are more girls in the group with orientation on having
many children (58.7 %); 50.7 % of respondents are single/
unmarried, 45.3 % are in romantic relations/civil mar-
riage; 17.3 % combine study and work; 16 % have sec-
ondary specialised education; the majority (74.7 %) are
from a complete family; 12 % have no siblings, while
45.3 % have 2-4 siblings (respondents were brought
up in a large family themselves). The group with child-
lessness orientation has more young men (53.1 %);
the smallest percentage among the groups of working
students (3.1 %) and those with education (specialised
secondary education - 9.4 %); the majority (71.9 %)
were brought up in a complete family; respondents
mostly have no romantic relations (84.4 %); 15.6 %
have no siblings.

The analysis has revealed that the level of paren-
tal role stressfulness statistically significantly differs
in the perceptions of young people with different
childbearing orientation. The maximum stressfulness
of the parental role is determined in the perceptions
of students talking about unwillingness to have chil-
dren. They observed a high level of overall expres-
sion of parental stress (n = 32; M = 58.44 or 64.93 %
of the maximum score). In the «profile» of its
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severity, a prevalence of indicators related to the de-
mands and limitations of the parent: «Parental stressors»
(M =21.47 or 71.56 % of the maximum score) and «Loss
of control» (M = 13.94 or 69.69 % of the maximum
score) can be observed. Respondents whose preferred
family form is a large family have the lowest parental
stress scores. The perceptions of parenting among
respondents who prefer many and few children are
statistically significantly different in terms of «Paren-
tal Stressors» (M = 13.81 or 46.04 % of the maximum
score; M = 15.00 or 50.19 % of maximum score respec-
tively), «Loss of Control» (M = 7.85 or 39.26 % of max-
imum score; M = 8.88 or 44.37 % of maximum score
respectively), «Parental Dissatisfaction/Satisfaction»
(M = 5.84 or 32.44 % of maximum score; M = 6.60
or 36.10 % of maximum score respectively).

Correlations were determined to reveal factors as-
sociated with PS perceptions among youth with differ-
ent childbearing orientations (Fig. 2, 4, 6), and regres-
sion analyses were conducted to reveal determinants
predicting increased parental role stressors in young
people’s perceptions (Fig. 3, 5, 7).

In the group of persons with orientation towards
having few children, among objective stressors we can
observe the following anamnestic characteristics: age,
female gender, absence of a partner (single person/un-
married girl position) (Fig. 2). In the group of persons
with orientation towards having few children, among
objective stressors we can observe the following an-
amnestic characteristics: age, female gender, absence
of a partner (single person/unmarried girl position)
(Fig. 2). Importantly, contextual «objective» factors
have weak correlations with PS parameters compared
to «subjective» factors, which have moderately strong
correlations. Specifically, high significance level nega-
tive relationships of all indicators of perceived parental
stress were revealed with satisfaction attitudes. Beliefs
about the mother’s leading role in child upbringing
may be positively related to the stressor of parent-
ing in young people’s perceptions. The interaction
of the loss of control parameter with the assessment
of family and child-parental relations is also character-
ised by strong negative links (Fig. 2). A slightly different
picture was obtained in analysing the causal relation-
ships between parental stress symptoms and different
groups of factors (Fig. 3).

It appeared that in the group of potentially young
people with an orientation towards having few children,
perceptions of the overall level of parental stress were de-
termined by only one objective factor, the age of the re-
spondent (R =0.20; R2=0.42; p = 0.001; 3 = 0.19). But its
strengthening is predicted by a complex of subjective
factors (R=0.48; R?=0.23; p = 0.000): the expression of at-
titudes about the mother’s primary role in child upbring-
ing (B = 0.32; p = 0.00), the need to stimulate the child’s
development (3 =0.21; p = 0.00), and the deficit of beliefs
in the possibility of getting satisfaction from parenting
(B = -0.30; p = 0.00). The remaining parameters of pa-
rental stress are influenced only by subjective factors,
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among which the greatest role is played by attitudes to-
wards the intensity of upbringing. Perceptions of high
levels of parental role demands - «parental stress-
ors» — will be reinforced (R = 0.50; R? = 0.25; p = 0.000)
in the presence of low valuation of family relationships
(B = -0.17; p = 0.002), doubts about being satisfied
with parenting ( = -0.35; p = 0.000) and beliefs about
its labour-intensiveness ( = 0.29; p = 0.000). Percep-
tions of low reward from the realisation of parental
functions: «parental damage» is determined (R = 0.39;
R?=0.15; p = 0.000) by a combination of the expression
of attitudes of essentialism (3 = 0.31; p = 0.0000), stimu-
lation (f = 0.25; p = 0.00002), but low belief in the need

TABLE 3

to prioritise the needs of the child - child-centrism
(B = -0.20; p = 0.0005). Loss of control over one’s own
life as a symptom of parental stress was predicted
(R =0.53; R? = 0.28; p = 0.000) by a combination of es-
sentialism attitudes ( = 0.18; p = 0.0004), parental role
difficulty (B = 0.19; p = 0.0003) and satisfaction deficits
(3 = -0.35; p = 0.000), low valuation of family relation-
ships (B = -0.19; p = 0.0005). Parental dissatisfaction
as a PS trait was determined by the same set of attitudes
concerning upbringing intensity as the overall PS level
(R =0.43; R = 0.19; p = 0.000): essentialism ( = 0.26;
p = 0.000), stimulation (B = 0.20; p = 0.0003), and beliefs
about parental satisfaction deficits (3 =-0.29; p = 0.000).

DESCRIPTIVE STATISTICS OF SOCIO-DEMOGRAPHIC CHARACTERISTICS OF THE YOUTH SAMPLE
IN THE EMPIRICAL GROUPS WITH DIFFERENT CHILDBEARING ORIENTATION (n = 364)

Orientation towards
«with few children»

Characteristics

Orientation towards

. Orientation towards
«having many

«childlessness»

(n=257) ‘:‘;':;esn)” (n=32)

Age (M) 19.45 18.78 19.45
Sex, n (%)
Girls 159 (61.9) 44 (58.7) 15 (46.9)
Young men 98 (38.1) 31 (41.3) 17 (53.1)
Type of activity, n (%)
Students 236 (91.8) 70(93.3) 31(96.9)
Employed 21(8.2) 5(6.7) 1(3.1)
Employed students 54(21.0) 13(17.3) 1(3.1)
Marital status, n (%)
Single/unmarried 110 (42.8) 38 (50.7) 27 (84.4)
Romantically involved 135(52.5) 34 (45.3) 5(15.6)
Legally married 12(4.7) 3(4.0) 0
Education, n (%)
Mean 131 (60.0) 37 (49.3) 17 (53.1)
Vocational secondary 43(16.7) 12(16.0) 3(9.4)
Incomplete higher 70(27.2) 18 (24.0) 10(31.3)
Higher 15(5.8) 8(10.7) 2(6.2)
Parental family characteristics, n (%)
Traditional family 182 (70.8) 56 (74.7) 23(71.9)
Single-parent family/divorced 75(29.2) 19 (25.3) 9(28.1)
Presence of siblings, n (%)

No (subject is an only child) 57 (22.2) 9(12.0) 5(15.6)
1 sibling (small family) 134 (52.1) 32(42.7) 23(71.9)
2-4 siblings (large family) 66 (25.7) 34 (45.3) 4(12.5)
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FIG. 2.

Correlations of the level of perceived parental stress indices among young people with orientation to having few children: a — with
objective characteristics; 6 — with subjective characteristics; solid line — direct correlations; dotted line — inverse correlations. Statistical
significance level: medium thickness line — p < 0.01; thick line - p < 0.001

FIG. 3.
Determination of anticipated parental stress level indicators among young people with an orientation towards having few children:
a - objective characteristics; 6 — subjective characteristics
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The analysis of correlations in the group of respon-
dents with child-free orientation reveals almost complete
absence of correlations between stressor and anamnes-
tic characteristics (Fig. 4), which provides us with pros-
pects for studying child-free orientation from the point
of view of its conditioning by one’s own experience.
It is worth paying attention to the influence of the posi-
tion from the only child in the family onto the percep-
tions of stressor of parenting in the form of loss of con-
trol, as well as to the greater strength of correlations
of the negative nature of subjective factors with all pa-
rameters of parental stress. Again the leaders in mutual
influence are the attitudes to satisfaction (Fig. 4).

In the group of young people with a child-free orien-
tation, the only determinant of parental stress symptoms
is the attitude of being able to enjoy parenting («satis-
faction»). It negatively predicted individual attributes
rather than overall stress levels, namely parental stressors
(R=0.51; R = 0.26; p = 0.003; B = -0.49), loss of control
(R=0.52; R?=0.27; p=0.003; 3 =-0.49) and parental dissat-
isfaction (R =0.58; R? = 0.34; p = 0.0005; 3 =-0.55).

In the group of young people with orientation to-
wards having many children, strong links of stressor in-
dicators with female gender and, on the contrary, nega-
tive links with male gender are observed (Fig. 6).

Among personal subjective factors (Fig. 6),
it is in this group that the basic beliefs about the posi-
tivity of self-image and one’s ability to maintain control,
as well as the assessment of child-parental relations also
become related to the idea of stressor parenting.

The analysis of the determinacy of PS perceptions
among young people with a multi-child orientation re-
vealed the influence of only a single objective factor
(level of education) over the parental stressors parameter
(R =0.40; R? = 0.16; p = 0.000; B = 0.39). In other words,

Loss of control

045

l no siblings

having an incomplete higher education predicts increased
perceptions of high levels in parental role demands. The in-
fluence of subjective factors alone was also determined
in the remainder. The expression of overall parental stress
levels (R = 0.43; R? = 0.19; p = 0.0001; 3 = 0.41), its symp-
toms in the form of «parental damage» (R=0.41; R?=0.17;
p =0.0002; B = 0.39) and parental dissatisfaction (R =0.42;
R?=0.18; p = 0.0002; = 0.40) are predicted by the expres-
sion of essentialism attitudes. Low levels of parenting plea-
sure attitudes predict PS «loss of control» symptom severi-
ty (R =0.39; R? = 0.15; p = 0.0006; 3 = -0.37). The formation
of perceptions of high demands of parenting - «parental
stressors» — is being determined by a group of factors
(R = 0.56; R? = 0.32; p = 0.0000) including attitudes of la-
bour-intensiveness (f = 0.39; p = 0.0001) and low satisfac-
tion (B =-0.48; p = 0.000004) with parenting.

DISCUSSION

Analysing the determinants of perceptions of parental
role stressor in a general sample of prospective parents.
Among contextual objective determinants of perceptions
of parental role stressor in the general youth sample, age
makes a significant contribution to the predetermination
of perceptions of stressor, which is consistent with available
studies about the development of the system of parenting
perceptions [17], and can also be explained by the expan-
sion of social experience, cognitive development, and in-
creased level of personal maturity. Apparently, these pro-
cesses can also explain the role of the education factor.
Perhaps higher education that enlightens about devel-
opmental patterns shapes the expectation of stressor,
as it speaks mostly about crises and difficulties of different
age periods and little about options for overcoming them.

Parental
dissatisfaction

Child-centrism

Loss of control

Satisfaction
Parental stressors

—

.

Parental damage 0.49 Difficulties

FIG. 4.

Correlations of the level of perceived parental stress indices among young people with child-free orientation: a — with objective

characteristics; 6 — with subjective characteristics; solid line — direct correlations; dotted line —

inverse correlations. Statistical sig-

nificance level: medium thickness line — p < 0.01, thick line — p < 0.001
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FIG. 5.

Indices of perceived parental stress level in youth with childfree orientation determinants

Parental stressors
Incomplete higher

education
Parental
dissatisfaction
OLPS Male gender

Parental damage

Female gender

Loss of control

FIG. 6.

Essentialism
OLPS

Satisfaction

Parental damage

Control beliefs

Parental Family relationship
dissatisfaction assessment
Difficulties

Loss of control

Evaluation of CPRs

Parental stressors Beliefs about the

Self-image

Correlations of the level of perceived parental stress indices among young people with orientation to having many children: a -
with objective characteristics; 6 — with subjective characteristics; solid line — direct correlations; dotted line - inverse correlations.
Statistical significance level: medium thickness line — p < 0.01; thick line - p < 0.001

The existing experience of failure in higher education (un-
finished higher education) increases stressors in terms
of perceptions of high demands to parents (parental
stressors), which, presumably, may be related to the ex-
pectation of future uncertainty.

Highlighting «lack of partner» as a factor in hypotheti-
cal PS was not unexpected, as in general the single-parent
family is considered more vulnerable and the parent is more
susceptible to the difficulties associated with role overload.
Itis also consistent with the important role of social support
in the occurrence of PS [12]. Some studies indirectly identify
the factor of partner absence as a stressor because it is asso-
ciated with lower parental role satisfaction [8].

Gender does not emerge as a determinant of paren-
ting stressor in relation to perceptions of parental stress
in the cumulative sample. It may however be a fac-
tor influencing these perceptions in separate analyses
of data from a group of potentially small number of child

parents. This seems to be following gender stereotypes
(the idea that women play a greater role in child upbring-
ing and, as a consequence, are more stressed). A num-
ber of studies have shown that mothers experience less
satisfaction with parenting than fathers [1, 3]. In the con-
text of the essential attitudes expression of intensive
parenting, women often experience societal pressures
to conform to cultural standards of highly participatory
parenting [26]. Likewise, following L. Ruppanner et al.
(2019), this result tends to be justified by the greater
orientation of potentially mothers with few children to-
wards a primary role in childcare and upbringing, as well
as the predominant fulfilment of household duties [28].
It is worth noting that economic status, parental family
type, divorce, and a number of other factors which have
been suggested by this study were also not determinants
of stressor perceptions of the parental role in the overall
sample of potential parents.
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FIG. 7.

Determination of anticipated parental stress level indicators among young people with multiple-childhood orientation: a — objec-

tive characteristics; 6 — subjective characteristics

Among personal «subjective» micro-level factors that
are determinants of parental role stressor in young peo-
ple’s perceptions, attitudes to upbringing intensity play
a major role. An interesting fact is the established nega-
tive influence of the attitude of satisfaction with parent-
ing in young people’s perceptions of PS. This orientation
is seen as a variant of self-actualisation, when active child
upbringing can bring positive results and pleasure, re-
spectively, can act as a factor reducing perceptions
of parenting stressor. Similar findings were obtained
previously in a sample of mothers whose stress was low
in the presence of beliefs about the rewarding nature
of parenting [29].

Attitudes about the need to stimulate child devel-
opment from an early age are a factor that reinforces
the perception of the parental role as stressful. This re-
lationship is also observed in groups of young people
oriented towards childlessness or having few children,
emphasising its role in fertility plans. The identified
pattern confirms the negative role of parental deter-
minism as a total social attitude that creates orienta-
tions to «proper parenting» [30].

It is worth noting the large number of links of the di-
mensions of perceived parental stress with the percep-
tion of the parental role as difficult (parenting is perceived
as a difficult life task, a «challenge», a «labour-intensive
project») and essentialism beliefs (women are more com-
petent parents and bear the main burden of care and up-
bringing). The highlighted subjective factors of parental
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role stressor in the youth environment are also charac-
teristic for parents with children. Men and women who
found parenting challenging were prone to depression
and showed higher levels of stress, while experiencing
lower life satisfaction. Women’s belief that «mother-
hood is a challenge» reduces their sense of competence
as a parent, leading to poorer well-being [29].

A significant contribution to the perceptions
of the parental role stressor is made by the factor of eval-
uation of the respondents’ family relationships. It should
be noted that the assessment of child-parents’ relation-
ships did not become a determinant (although it is as-
sociated with PS perceptions in some groups of respon-
dents), which contradicts the available studies showing
the role of parents’relationships in the formation of per-
ceptions [17]. It does, however, point to the role of in-
clusion in the family system, the presence of systemic
social support as a protective factor in the perception
of the parental role stressor. Baseline beliefs have not
been identified as determinants of general perceptions
of parental role stressors, but some of them may influ-
ence the parental stress perceptions of a group of young
people oriented toward having many children.

Determinants analysis of parenting stressor per-
ceptions taking into account reproductive plans allows
observing the presence of a system of producing (de-
termining) and secondary (acting as conditions) fac-
tors of parental role stressor. Among both the former
and the latter, however, there are statistically significantly



strong and numerous associations of PS parameters
with subjective factors in all three groups. Common
for all groups was the negative relationship of parental
stress parameters with satisfaction, which fully correlates
with the studies of foreign scientists indicating negative
aspects of parenting [1, 2].

The group of hypothetical parents with few children,
among whom the majority grew up in complete fami-
lies and they have the highest percentage of no siblings
among all groups, represent the parental role as moder-
ately stressful, having a resource in the form of receiving
positive emotions, pleasure from parenting. The factor
of age acts as objective determinants of PS perceptions,
which suggests that critical but anxious attitudes to par-
enting and, accordingly, attitudes to having few children
during maturity are fixed. Female gender and education
may be contributing factors to PS perceptions in this
group. Among the subjective determinants of parenting
stressor is a combination of different attitudes to the in-
tensity of parenting, as well as low evaluation of family
relationships. The combination of attitudes to the moth-
er's primacy («essentialism») and attitudes to the defi-
cit of nurturing pleasure («satisfaction») or to the need
to stimulate development («stimulation») most often
plays a significant role in the system of producing sub-
jective factors that reinforce PS. This forms a certain psy-
chological portrait of the family that exists in this group
and is associated with PS, with a hyper-responsible mum
who feels the need to develop the child and does not en-
joy doing so.

The group of respondents with orientation to large
families, who revealed the lowest expression of parental
role stressor, were predominantly brought up in a full
family, and a significant part of them - in large families.
Their objective determinants of their PS perceptions are
the experience of incomplete education. This is probably
considered in this group as a loss of a resource against PS.
As in the previous group, belonging to the female sex has
an enhancing effect here, while only the male sex is as-
sociated with a decrease in PS. The obtained results are
consistent with the data of other scientists [1, 7], which
is relevant in the case of the emerging trend to change
the situation and to greater involvement of men
in the process of child upbringing and, consequently,
their greater exposure to parental stress. The subjec-
tive determinants are exclusively attitudes towards up-
bringing, among which the parameter of essentialism
and the feeling of mothers’ primary responsibility for up-
bringing a child are the leading ones. This may be a result
of fear of social support loss, as reported, for example,
by women with children [14].

In this group, the correlation of PS parameters
with the assessment of relations in the family system
(child-parental and family relations in general) is also
observed, which is a condition for strengthening PS
in the perceptions of young people. The literature partly
highlights family conflict [8] and characteristics of pa-
rental families as stressors [19], and in our case this may
emphasise the role of subjective evaluation of parental

family upbringing experiences. The influence of ba-
sic beliefs over PS indicators was revealed only in this
group of respondents, which, in our opinion, may indi-
cate the role of personal factors in the formation of per-
ceptions of parenting and requires further study.

Almost complete absence of objective determinants
of parental role stressor was revealed only in the group
of people with childlessness orientation. This group
has more male respondents who are not in a relation-
ship and the highest expression rates of perceived PS,
which may be influenced (as an objective condition)
by the position of an only child in the family. The in-
ability to derive pleasure and fulfilment from the up-
bringing process is a derived factor for PS symptoms,
and the expression of other upbringing attitudes may
influence perceptions of the stressor of the parental role.
Ofinterestis the established negative effect of unformed
child-centrism attitudes and the need to stimulate chil-
dren on the increase in signs of parental stress. This fact
suggests an internal conflict among these respondents:
on the one hand - unwillingness to make upbringing
of a child a life priority and spend personal resources
on it, on the other hand - understanding the necessity
of it. This situation, in our opinion, can lead to feelings
of guilt, and the chosen orientation towards childless-
ness can be considered as a way out of the conflict.

The limitations of the study are some overview
of the highlighted subjective factors of disclosure
of determinants of perceptions of parental stress, which
is due to the exploratory nature of the study. The age
of respondents imposes restrictions upon generalising
the findings to the entire population of young people
without children (e.g. over 30), but it allows us to iden-
tify statistically significant patterns relevant to Genera-
tion Z youth. We see a full account of the determinants
of perceptions of parental stress as a prospect for fur-
ther studies of this topic.

CONCLUSIONS

As a result of theoretical analyses, the negative im-
pact of parental stress and the tendency towards intense
parental role fulfilment upon the mental health of parents
and children in terms of creating obstacles to normative
maturation and mental development has been observed.

The empirical study allowed us to identify a set
of factors that can influence the increase of parental
role stressor in the perceptions of potential parents
and, accordingly, increase the risk of parental behaviour
unfavourable for their own mental and physical health
and children’s health.

Young people as potential parents perceive the pa-
rental role in terms of its «intensity» and labour-inten-
siveness. Generally, young people’s perceptions
of the potential stress of parenting are determined
by a complex of contextual «objective» (age, status
of personal relationships, education) and personal «sub-
jective» (assessment of family relationships, attitudes
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to the need to stimulate child development, essential-
ism and getting satisfaction from upbringing) factors,
but subjective factors make the greatest contribution.

The level of stressor of parental role statistically
significantly differs in the perceptions of young people
with different orientation to childbearing, which can
be considered as one of the conditions for the formation
of fertile attitudes. The level of parenting stressor is de-
termined by a system of determinant factors. As gener-
al preconditions of PS (independent of plans for child-
bearing) are attitudes to the intensity of upbringing,
which, apparently, are formed as a generalisation
of children’s family and social experience. The attitude
of a deficit of pleasure in upbringing plays a funda-
mental role here.

In the group of persons with a child-free orienta-
tion, there is almost complete absence of determina-
tion of stressor parenting by objective characteristics,
and the high level of PS in young people’s ideas is con-
ditioned by the attitude to the impossibility of self-ful-
filment and enjoyment from upbringing children.
The choice of childlessness orientation may be a way
of resolving the conflict between unformed attitudes
to the priority of a child and the pressure of social re-
quirements for upbringing.

Similarity of determinants of PS, moderate level
of which is predicted in the future, in groups of respon-
dents with childbearing orientation was revealed. The main
parameters are essentialism, reflecting the unequal distri-
bution of responsibilities for upbringing and development
of children between mother and father, excessive level
of mother’s responsibility for this. In the group of young
people with orientation having few children, the increase
in PS and its symptoms is determined by a set of attitudes
including essentialism, as well as the evaluation of family
relationships.

Thus, the predominant determination of percep-
tions of parental role stressor by subjective factors as op-
posed to objective factors was observed. The specificity
of the determination of ideas about parental stress de-
pending on the orientation towards childbearing has been
revealed.
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ABSTRACT

Background. Determining changes in the content of monoamine neurotransmitters
and their metabolites in brain structures is a necessary part of studying the pharma-
codynamics of antiparkinsonian drugs. A method for the joint determination of norepi-
nephrine, adrenaline, dopamine, serotonin, 5-hydroxyindole-3-acetic acid, 3,4-dihy-
droxyphenylacetic acid, homovanillic acid, vanillylmandelic acid in rat brain tissue has
not previously been developed.

The aim of the study. Development and validation of a method for quantitative
determination of noradrenaline, adrenaline, dopamine, serotonin, 5-hydroxyin-
dole-3-acetic acid, 3,4-dihydroxyphenylacetic acid, homovanillic acid, and vanillyl-
mindalic acid in rat brain tissue by high-performance liquid chromatography coupled
with tandem mass spectrometry (HPLC-MS/MS).

Materials and methods. A method for determining monoamine mediators and their
metabolites was developed using the HPLC-MS/MS method. Brain tissue homogenates
were prepared using a mechanical hand-operated homogenizer. The effect of various
antioxidants on the stability of norepinephrine, adrenaline, dopamine and 3,4-dihy-
droxyphenylacetic acid in the test samples was studied.

Results. Chromatographic separation of sample components was carried out using
two Synergi Max RP (20 x 2.0 mm, 2.5 um) and Synergi Fusion RP 804 (250 x 4.6 mm,
4 um) chromatographic columns. Elution was carried out in a gradient mode using
amobile phase based on methanol and a 0.1 % solution of formic acid in water. To pre-
pare homogenate batches, the samples were diluted with a solution of internal stan-
dards in methanol. A 5 % aqueous solution of ascorbic acid was chosen as an antioxi-
dant stabilizer.

Conclusion. The developed methodology has been fully validated and meets the re-
quirements of Russian and international guidelines. The chosen stabilization method
allows samples of brain homogenates to be stored for 30 days after collection.

Key words: HPLC-MS/MS, monoamine neurotransmitters, brain tissue, sample
stabilization

For citation: Khokhlov A.L,, Yaichkov LI, Korsakov M.K., Kagramanyan L.N., Volkhin N.N.,
Petukhov S.S., Zaikova V.E. Development and validation of a method for the quantita-
tive determination of monoamine neurotransmitters and their metabolites in rat brain
tissue using HPLC-MS/MS. Acta biomedica scientifica. 2024; 9(1): 177-191. doi: 10.29413/
ABS.2024-9.1.18
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PE3IOME

O6ocHoeaHue. OnpedesieHue U3MeHeHUs CO0epXaHus MOHOAMUHOBbIX Helipome-
duamopos u ux Memabosumos 8 CMpPyKMypax 20/108H020 M032d A8/1AemcsA Heob-
XooumoUli 4acmelo U3y4eHUA (GAapMAKoOOUHAMUKU NpoOMUBONApKUHCOHUYECKU Jie-
KapcmeeHHbIx cpedcmas. Memoouka coeMecmHo20 onpedesieHUs HOpAopeHAuHd,
aopeHanuHd, 0ONAMUHA, CEPOMOHUHA, 5-2UOPOKCUUHOO-3-YKCYCHOU KUC/Iombl,
3,4-0u2udpoKcugeHunyKcycHol KUC/Iomebl, 20MOBAHUIUHOBOU KUC/I0MbI, 8GHUIUST-
MUHOAbHOU KUCI0MbI 8 MKAHAX M032a KpbIC paHee He 6biaia pa3pabomaa.

Lene uccnedoesaHusa. Pazpabomka u eanudayus memoOUKU KOU4YeCmeeHHO20
onpedesnieHUs HOPAOpPeHAsIuUHa, a0peHaauHa, 0onamMuHd, CepomoHUHA, 5-2Udpok-
CUUHOO-3-yKcycHoU Kuciomsl, 3,4-0u2uOpPOKCUGeHUTYKCYCHOU KUCI0Mbl, 20MO-
8AHUIUHOBOU KUCI0MbI, 8AHUTUIMUHOAIBHOU KUC/IOMbI 8 MKAHAX MO32d KpbIC
C NOMOWbIO 8bICOKOI(hheKMUBHOU XUOKOCMHOU XpoMamozpd@uu 8 co4emaHuu
€ maHoemHoU macc-cnekmpomempueli (BIXX-MC/MC).

Memoow1. Memooduka onpedesieHUs MOHOAMUHOBbIX Meduamopos U ux Memabosumos
paspabomara c npumeHeHuem memooa BIXKX-MC/MC. TomoeeHamsl mkaHel Mo32a 20-
MoBUIUCL C NOMOWbIO MEXAHUYECKo20 pyYHO20 20MO2eHU3amopa. V3yyeHo enusHue
DPA3/IUYHbIX AHMUOKCUOAHMO8 HAa cmabusibHOCMb HOPAOPeHAIuUHd, dOpeHAIuHd, 00-
NAamuHa u 3,4-0ueudpoKcueHUTyKCyCHOU KUC/IOMbI 8 UCNbIMYyeMbIX 00pa3yax.
Pesynemamel. Xpomamoezpaguyeckoe pazdesieHue KOMNOHEHMo8 npobbl oCy-
wecmesianoce ¢ NOMowblo 08yx Xpomamozpaguyeckux Ko/loHoK Synergi Max RP
(20 x 2,0 MM, 2,5 Mkm) u Synergi Fusion RP 80A (250 x 4,6 mm, 4 MKkMm). SmouposaHue
npoeoousIu 8 2pddUeHMHOM peXxume C npuMeHeHUeM nNoo8UXHOU hda3sl Ha 0OCHoge
memaHona u 0,1%-20 pacmeopa MypasbuHol Kuciomel 8 8ooe. [jia no020mosku
npob 20Mo2eHamos Ucno1b308a10Chb pazeedeHue 06payo8 pacmeopoM 8HYMpeH-
HUX cmaHOdapmos 8 Memadorse. B kauecmee cmabunusamopa-aHmuokcuoaHma 6wl
8b16paH 5%-U 800HbIU pacmeop ackopbuHo8oU KUucsiomel.

3aknioyenue. PazpabomaHHas mMemoouKka Npowiia NOJIHyo 8aaudayuto u coom-
gemcmayem mpebo8aHUAM pOCCUlCKUX U MeXO0yHapoOHbIX pykogoocms. BblbpaH-
HbIl cnocob cmabusuzayuu no3eosigem XpaHume 0b6padsybl 20M02eHamos mMo3s2d
8 meyeHue 30 OHeli nocsie ombopa.

Knioyeavle cnoea: BIXX-MC/MC, moHoamuHosble Helipomeduamopesl, MKaHu
Mo32ad, cmabunuzayus obpaszyos

Ana uyntnposaHua: Xoxnos AJl., Anukos UN.U., Kopcakos M.K., KarpamaHaH W.H., Bonb-
xvH H.H., MeTyxos C.C,, 3aikoBa B.E. PazpaboTka 1 Banngaumnsa METOANKN KONIMYECTBEHHOTO
onpeaeneHns MOHOAMMHOBBIX HEMPOMeAMaTOPOB 1 KX METaboSIMTOB B TKaHAX MO3ra KpbIC
¢ nomouibto BXKX-MC/MC. Acta biomedica scientifica. 2024; 9(1): 177-191. doi: 10.29413/
ABS.2024-9.1.18
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INTRODUCTION

Parkinson’s disease is a neurodegenerative disease
in which thereis a decrease in the number of dopaminergic
neurons in the substantia nigra, which causes a decrease
in the concentration of dopamine (Dop) in the striatum.
This causes the classic motor symptoms: rigidity, posture
disturbances, akinesia, tremor, and bradykinesia. Most
of the existing models of this disease involve the use of rats
as experimental animals [1]. When studying the pharma-
codynamics of new antiparkinsonian medicinal products
(MPs), quantification of dopamine and its major metab-
olites, 3,4-dihydroxyphenylacetic acid (DOPAC, 3,4-dihy-
droxyphenylacetic acid) and homovanillic acid (3-me-
thoxy-4-hydroxyphenylacetic acid; HVA, homovanillic acid)
in the striatum is required. One of the promising groups
of MPs used in the treatment of Parkinson'’s disease are
inhibitors of the enzyme MAO-B, which selectively cataly-
ses the oxidation of dopamine. In order to study the effect
of these MPs on MAO-A activity, it is necessary to measure
the concentration of noradrenaline (NA, noradrenaline),
serotonin (5HT, 5-hydroxytryptamine) and its metabolite
(5-hydroxyindole-3-yl)-acetic acid (5HIAA, 5-hydroxyin-
doleacetic acid) [1, 2]. To control the correctness of brain
and striatum sampling and the absence of contamination
by blood and other tissue particles, it is necessary to mon-
itor the content of adrenaline (Adr) and vanillylmindelic
acid  (2-hydroxy-2-(4-hydroxy-3-methoxyphenyl)-acetic
acid; VMA, vanillylmandelic acid), which should not nor-
mally be detected in these samples [3-7].

High-performance liquid chromatography with spec-
trophotometric (HPLC-UV) [8], electrochemical (HPLC-
EM) [9-12] and tandem mass spectrometric detector
(HPLC-MS) [2, 5-7, 13-20] was used for quantitative de-
termination of the above analytes in biological objects.
However, the methodology for co-analysing all eight
substances studied together in brain structures has not
been previously published. The process of developing
this technique is complicated by the fact that noradren-
aline, adrenaline, dopamine and DOPAC contain a pyro-
catechin fragment in their structure, which contributes
to their rapid oxidation in samples as a result of interaction
with endogenous substances and air oxygen [4,21].The ad-
dition of antioxidant solutions to the samples is required
to prevent degradation of these compounds. The neces-
sity of using a stabiliser is indicated only in the studies
of J. Lu et al. [2], J. Thomas et al. [8], G. Cannazza et al. [12],
C.Jietal.[15], A. Kovac et al. [17]. Consequently, the choice
of optimal conditions for stabilisation and storage of se-
lected rat brain tissues is also relevant to ensure the reli-
ability of the results of preclinical studies.

THE AIM OF THE STUDY

Development and validation of a method
for the combined quantitative determination of nor-
adrenaline, adrenaline, dopamine, serotonin, 5-hydroxy-
indole-3-acetic acid, 3,4-dihydroxyphenylacetic acid,

homovanillic acid, and vanillylmindalic acid in rat brain
tissue.

MATERIALS AND METHODS

Study design

The first stage of the study involved the selection
of optimal conditions for homogenate sample prepa-
ration as well as parameters for chromatographic-mass
spectrometric determination. The selection of an antiox-
idant stabiliser was then performed to prevent degrada-
tion of noradrenaline, adrenaline, dopamine and DOPAC.
The matrix effects of the methodology were further
evaluated. Based on the results obtained, correction
of the volumetric ratio of solvent to tissue in the prepa-
ration of homogenates was performed. In the next step,
a full validation of the bioanalytical methodology was
performed. It was then tested by analysing striatum
samples from six intact Wistar male line rats weighing
362 + 25 g (mean + standard deviation (SD, standard de-
viation)). The study was approved by the Ethical Commit-
tee of the Yaroslavl State Medical University of the Minis-
try of Health of Russian Federation (Minutes No. 2 dated
March 23, 2023).

Equipment
Method development and validation were performed
on an HPLC-MS/MS system comprising a QTRAP5500
hybrid tandem mass spectrometer (SCIEX, Canada)
and a 1260 Infinity chromatograph (Agilent, USA) (G1312B
pump, G1329B autosampler with G1330B thermostat,
G1316A column thermostat).

Reagents

Methanol (Cat. No. 1060352500; Merck KGaA,
Germany) and formic acid (Cat. No. A117-50; Thermo
Fisher Scientific, USA) of «HPLC-MS-Grade» quality
were used to prepare the mobile phase. Substances
of ascorbic acid (c.p. (chemically pure); cat. No. 160003;
JSC «Lenreaktiv», Russia), sodium sulfite (r.g. (reagent
grade); cat. No. 130231; JSC «Lenreaktiv», Russia), so-
dium thiosulfate pentahydrate (cat. No. SO07270500;
Scharlau, Spain), sodium pyrosulfite (p. (pure); cat.
No. 8.06.00804; JSC «Khimreaktivsnab», USA) were
tested as antioxidants. Secondary standard samples
produced by Sigma Aldrich (USA) were used as stan-
dard samples of the substances to be determined:
noradrenaline (Cat. No. A7257-1G), adrenaline hydro-
chloride (Cat. No. E4642-5G), serotonin (Cat. No. 14927-
25MG), dopamine hydrochloride (Cat. No. H8502-5G),
(5-hydroxyindole-3-yl)-acetic acid (Cat. No. H8876-1G),
3,4-dihydroxyphenylacetic acid (Cat. No. 850217-1G),
homovanilic acid (Cat. No. H1252-1G), vanillylmindal-
ic acid (Cat. No. H0131-1G). The 3,4-dihydroxyben-
zylamine hydrobromide (3,4-DHBA) substance (Cat.
No. 858781-1G) and the pharmacopoeial standard
sample of sotalol (USP; Cat. No. 1617408) were used
to prepare the internal standards (IS) solution (Fig. 1).
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Chromatography-mass spectrometric RP (20 x 2.0 mm, 2.5 um) and Synergi Fusion RP 80A
determination technique (250 X 4.6 mm, 4 um) using 0.1 % aqueous formic acid

The chromatographic separation was performed solution and methanol as mobile phase components
under gradient mode using two columns Synergi Max (Table 1). These reversed-phase columns had additional
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FIG. 1.

Structural formulae of adrenaline (a), noradrenaline (6), dopamine (8), serotonin (2), (5-hydroxyindole-3-yl)-acetic acid (0), 3,4-di-
hydroxyphenylacetic acid (e), homovanillic acid (x), vanillylmindalic acid (3) and internal standards of sotalol (u) and 3,4-dihy-
droxybenzylamine (k)
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hydrophilic functional groups required for retention
of polar catecholamines. The thermostat temperature

of the columns was 40 °C.

Detection was performed in MRM (multiple reaction
monitoring) mode (Table 2) using electrospray ionisation

TABLE 1

GRADIENT ELUTION PARAMETERS

Time, min

0.0

2.0

9.0

14.1
14.5
15.0
15.1
19.0
19.2

21.0

Note. Mobile phase: A - 0.1 % aqueous solution of formic acid; B - methanol.

TABLE 2

Flow rate, pl/min

650
650
650
650
1000
1000
1000
1000
650
650

A, %
98
98
20
20
20
20
98
98
98
98

B, %
2
2

80
80
80
80

MASS SPECTROMETRIC DETECTION PARAMETERS

(ESI, electrospray ionization). NA, Adr, Dop, 5HT, 5HIAA,
and 3,4-DHBA were determined in positive polarity;
DOPAC, HVA, and VMA were determined in negative polar-
ity. Sotalol was detected in both polarities: positive for 5SHT
and 5HIAA concentration calculation; negative for DOPAC,
HVA and VMA concentration calculation. This compound
was used because of its structural similarity to catechol-
amines and the closeness of its retention time (10.4 min)
to that of 5HT (10.1 min), 5HIAA (12.4 min), DOPAC
(11.9 min), HVA (12.9 min) and VMA (10.8 min). 3,4-DHBA
was used as an internal standard for the determination
of norepinephrine, adrenaline and dopamine. Its choice
is based on previously published methods for quantifica-
tion of these analytes

Method validation parameters

Full validation of the method was performed in ac-
cordance with the requirements of the guidelines for val-
idation of bioanalytical methods (M10) of the Interna-
tional Council on Harmonisation (ICH) [22], FDA (Food
and Drug Administration) guidelines [23], guidelines
(Volume 1) of the Scientific Centre for Expert Evaluation
of Medicinal Products of the Ministry of Health of Russia
(SCEEMP) [24] and Decision of the Council of the Eur-
asian Economic Commission (EAC) No. 85 (Annex 5)
[25] related to chromatographic methods. Model ho-
mogenate mixtures were prepared from whole brain
and striatum samples of Wistar rats. These objects were
placed in a pre-calibrated tube of a manual homogeniser

MRM junction
No. Analyte Polarity ESl voltage, V DP EP CE CXP
Q1 Q3
1 Adr + 4500 184.0 77.0 60 10 45 25
2 NA + 4500 170.0 77.0 60 10 40 25
3 Dop + 4500 154.0 119.0 60 10 35 25
4 5HT + 4500 177.0 160.0 60 10 30 25
5 SHTAA + 4500 192.0 146.0 60 10 20 13
6 DOPAC - -4500 167.0 123.0 -60 -10 -10 -30
7 HVA - -4500 181.0 122.0 -60 -10 -20 -25
8 VMA - -4500 197.0 137.0 -60 -10 -25 -30
9 3.4-DHBA + 4500 140.0 77.0 60 10 25 25
+ 4500 273.0 133.0 60 10 80 13
10 Sot
- -4500 271.0 174.0 -60 -10 -40 -16

Note. Sot - sotalol; DP - declustering potential; EP - entrance potential; CE - collision energy; CXP - collision cell exit potential.
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TABLE 3

CALIBRATION AND QUALITY CONTROL SAMPLE CONCENTRATIONS

Designation
NA Adr Dop
K1 (LLOQ) 50 50 1250
K2 100 100 2500
K3 200 200 5000
K4 300 300 7500
K5 400 400 10000
K6 600 600 15000
K7 900 900 22500
K8 1200 1200 30000
LQC 150 150 3750
MQC 500 500 12500
HQC 975 975 24375
Dil 1800 1800 45000

Note. Dil - concentration to estimate dilution effect; K - calibration concentration.

and homogenised after adding solvent in the required
volume. After centrifugation, a standard solution
of the analyte mixture was added to the supernatant
fluid at a rate of 10 pl of standard solution per 190 ul
of supernatant. To study the selectivity of the technique
(series 1 in Table 6), as well as the effect of sample dilu-
tion, brain samples stored for 2 years at a temperature
no higher than -20 °C were used, in which there was no
analytical signal of the analytes. Linearity was assessed
at 8 concentration levels (K1-K8), accuracy and coeffi-
cient of variation at 4 concentration levels (at the lower
limit of quantitation (LLOQ, lower limit of quantitation),
lower (LQC, lower quality control), middle (MQC, middle
quality control) and higher (HQC, higher quality control)
quality control levels), and dilution effect at the same
concentration level (Dil) (Table 3).

RESULTS

At the initial stage of development, methanol was
chosen as a solvent for the preparation of homoge-
nates, since when water was used, the NA peak was ab-
sent on the chromatograms (retention time t, =47 min),

Concentration, ng/g

SHT DOPAC SHTAA HVA VMA
75 200.0 150 80 67.50
150 400.0 300 160 135.00
300 800.0 600 320 270.00
450 1200.0 900 480 405.00
600 1600.0 1200 640 540.00
900 2400.0 1800 960 810.00
1350 3600.0 2700 1440 1215.00
1800.0 4800 3600 1920 1620.00
225.0 600 450 240 202.50
750.0 2000 1500 800 675.00
1462.5 3900 2925 1560 1316.25
2700.0 7200 5400 2880 2430

and when acetonitrile was used, its signal-to-noise ratio
(S/N, signal/noise) was 10 times lower (106/1). Samples
were prepared using a manual homogeniser by adding
solvent at a rate of 3 pl of solvent per 1 mg of brain tis-
sue'. The homogenates were then centrifuged for 5 min
at 10000 rpm and 10 pl of methanol standard solution
with K4 concentration was added to 190 pl of superna-
tant (Table 3). A 120 pl methanol solution of a mixture
of internal standards of sotalol and 3,4-DHBA was added
to 50 pl of the obtained sample. The mixture was stirred
on a shaker for 30 s and then centrifuged for 5 min
at 10000 rpm.

In the next step, antioxidant (AO) solution se-
lection was performed by studying the short-term
stability (STS, short-term stability) of NA, Adr, Dop
and DOPAC in brain homogenate samples, as well
as the stability of these analytes in prepared samples
in autosampler (ASS, autosampler stability). Aqueous
solutions of ascorbic acid, sodium sulfite, sodium me-
tabisulfite, and sodium thiosulfate at concentrations
of 5 % and 10 % were used as stabiliser [21]. Antioxi-
dant solution was added at a rate of 10 pl of solution
per 50 pl of homogenate. The test results are sum-
marised in Table 4.

! The tissue sample was weighed in a pre- calibrated homogeniser tube and then methanol was added to it in the desired amount: for example, if the tissue

mass was 100 mg, 300 pl of methanol was added to it.
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TABLE 4

ANTIOXIDANT STABILISER SELECTION RESULTS

Antioxidant
Without AO Ascorbic acid Na,S O, Na SO,
(n=2)  59%(@n=2) 10%((M=2 5%(@M=2) 10%@N=2) 5%@N=2) 10%(n=2)
AES I 56.24 109.55 100.12 87.24 96.82 74.82 71.43
24 hours)
= A STS
E (room 49.02 91.02 114.71 100.48 103.19 78.18 77.61
< temperature, 24 h)
g 0
£ i 62.01 97.66 101.95 74.99 79.85 71.44 48.92
™ 24 hours)
i‘ Adr
2 et 59.52 102.19 112.68 34.19 62.90 22.20 38.45
s temperature, 24 h)
‘G-‘J (e}
€ AT, 39.28 105.03 96.62 92.53 N/A 83.01 N/A
< 24 hours)
g PP g
o (ieaiul 35.21 101.39 95.96 54.65 N/A 48.12 N/A
g temperature, 24 h)
o o
g eSS, 78.26 107.21 97.88 93.37 87.44 94.24 90.94
T 24 hours)
DOPAC s
el 72.42 107.52 100.55 78.27 87.18 9237 94.51
temperature, 24 h)
ASS (+4 °C,
Al 90.00 90.15 - - - - -
= STS (
—o' room _ _ _ _ _
2 temperature, 24 h) 75.45 97.35
g 0
< ASS (+4 °C, _ _ B B B
= AuE) 70.73 95.98
5 M s
2 (room 23.17 100.57 - - - - -
s temperature, 24 h)
I ASS (+4°C
= o _ _ _ _ _
= ) 88.31 103.93
g PP o
= lietlul 49.93 98.61 - - - - -
g temperature, 24 h)
o
£ ASS (+4 °C,
:'? 24 hours) 95.55 97.28 - - - - -
DOPAC STS
room
temperature, 24 h) 90.24 9510 N - - N -
Note. N/A - no chromatographic peak of the analyte.
The addition of sodium sulfite and sodium Only when ascorbic acid was used the concentrations

thiosulfate solutions failed to prevent oxidation of all
analytes (Table 4). For instance, when Na_SO, solutions
were used, only the DOPAC concentration fell within
therequired range of 85-115 % of theinitial value. The use
of Na,S,0, solution at a concentration of 5 % prevented
the oxidation of noradrenaline as well as dopamine
and DOPAC in the prepared samples in the autosampler.
The chromatographic peak of Dop was not detected
in samples with the addition of 10 % solutions of Na_S,0,
and NaSSO,. When sodium metabisulfite solutions
were added to the methanol homogenates, this salt
precipitated, so these samples were not analysed.

of all analytes in the short-term stability and autosampler
stability tests were in compliance. For further testing,
an aqueous solution of ascorbic acid at the lowest
concentration of 5 % was chosen to minimise the risk
of contaminating the chromatography column,ion source
and ion optics of the mass spectrometer with excessive
amounts of this substance.

At the next stage of the study, matrix effects were
studied. Freshly sampled rat brain homogenates, fresh-
ly sampled striatum homogenates, and brain homog-
enates stored for 2 years at a temperature not exceed-
ing -20 °C, obtained from 6 different animals, were used
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TABLE 5

EVALUATION OF THE MATRIX EFFECT IN THE DETERMINATION OF ANALYTES IN BRAIN HOMOGENATES

Analvtes Homogenate Homogenate
y in a ratio of 1:3 in a ratio of 1:7
LQC 13.48 11.39
NA
HQC 14.09 4.80
LQC 13.94 7.46
Adr
HQC 12.76 10.56
LQC 8.95 6.07
Dop
HQC 5.15 7.29
LQC 13.98 5.93
SHT
HQC 17.69 437
CV (NMF), %
LQC 11.14 9.77
5HIAA
HQC 6.25 5.23
LQC 26.82 7.89
DOPAC
HQC 21.38 7.49
LQC 11.10 5.37
HVA
HQC 11.95 8.65
LQC 10.90 8.37
VMA
HQC 10.31 5.07
5HT (brain homogenate) LQC 0.183 0.135
(n=4) HQC 1.464 0.956
5HT (striatum homogenate) LQC 0.142 0.132
Peak area ratio «analyte/ (n=2) HQC 1.021 0.940
internal standard»
(mean value) DOPAC (brain homogenate) LQc 4.635 2223
(n=4) HQC 33.255 15.538
DOPAC (striatum homogenate) ~ LQC 2.701 2.115
(n=2) HQC 22502 15.327

Note. CV (NMF) - coefficient of variation for normal matrix factorization.

for the preparation of model mixtures. According to the re-
quirements of Russian and foreign guidelines for valida-
tion of bioanalytical techniques [23-25], each of 6 samples
were analysed at the level of LQC and HQC concentrations
(Table 3), as well as a sample of each homogenate without
the addition of a standard to subtract the signal of endog-
enous substances (Table 5).

At the initial conditions of sample preparation, the val-
ue of the coefficient of variation (CV) of the normalised
matrix factorization (NMF) in the determination of 5HT
and DOPAC exceeded the permissible limit of 15 % (Ta-
ble 5). To reduce matrix effects, the ratio of methanol
to brain tissue in the preparation of homogenates was ad-
justed: the sample was prepared at a rate of 7 pl of solvent
per 1 mg of tissue. Under these sample preparation condi-
tions, the CV (NMF) result was in compliance for all analytes.
Afterwards, the stability of NA, Adr, Dop and DOPAC was
re-tested in samples of methanol homogenate prepared
in a 1:7 ratio using the previously selected 5 % aqueous

ascorbic acid solution (Table 4). The concentrations of all
analytes in the ASS and STS tests were within the accept-
able range of 85.0-115.0 % of the initial value.

Therefore, in order to quantify the concentration
of the studied substances in brain tissue, the homogenate
was prepared manually at a ratio of 1.7 (tissue weight/
volume of methanol). The sample was then centrifuged
for 5 min at 10000 rpm. And stabilised with an aqueous
solution of ascorbic acid at a concentration of 5 % at a rate
of 10 pl of solution per 50 ul of supernatant. Thereafter,
120 ul of methanol solution of internal standards was add-
ed to 60 pl of the mixture, stirred for 30 s and centrifuged
for 5 min at 10000 rpm. The supernatant fluid was trans-
ferred to a microtiter plate and analysed by HPLC-MS/MS.

After selecting the final sample preparation conditions
and chromatography-mass spectrometric determination,
a complete validation of the methodology was performed.
The analytical range for Adr and NA was 50-1200 ng/g,
for Dop - 1.25-30.00 pg/g, for 5HT - 75-1800 ng/g,
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for DOPAC - 200-4800 ng/g, for 5HIAA - 150-3600 ng/g,
for HVA - 80-1920 ng/g, and for VMA - 67.5-1620 ng/g.
The dependence of the analyte/internal standard peak
area ratio on the concentration of each compound was
linear. In evaluating the selectivity of the method using
brain homogenate samples stored at a temperature not
exceeding -20 °C for 2 years, the area of chromatographic
peaks in blank matrices for analytes did not exceed 20 %

of the peak area in LLOQ samples, for internal standards
of sotalol, for internal standards of 3,4-DHBA, the area
of chromatographic peaks did not exceed 5 % of the peak
area in LLOQ samples (Fig. 2, 3).

The mean values of the calculated determination con-
centrations of all studied compounds were within 85-115 %
of the nominal value for LQC, MQC and HQC concentra-
tion levels, within 80-120 % for LLOQ concentration level,
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FIG. 2.

Examples of MRM chromatograms of blank matrix and sample with added standard at LLOQ level (analytes - NA, Adr, Dop, 5HT,

5HIAA, DOPAC)
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Blank matrix

Sample with LLOQ concentration

HVA
(181122 m/z)

VMA

(1975137 m/z)

3,4-DHBA
(14077 m/z)

Sotalol (+)
(273—133 m/2)

Sotalol (-)
(2715174 m/z)

FIG. 3.

Examples of MRM chromatograms of blank matrix and sample with added standard at LLOQ level (analytes - HVA, VMA, 3,4-DHBA

(BC), sotalol (BC))

including the assessment of the selectivity of the meth-
odology (Table 6, series 1). The coefficient of variation
of the calculated concentrations did not exceed 15 %.
In this case, the result of analytical series 2 and 3 (Ta-
ble 6), performed using samples of freshly collect-
ed brain homogenates, was calculated considering
the endogenous content of analytes in samples without
the addition of the standard. Double dilution of samples
with the content of the studied substances exceeding
the analytical range (Dil; Table 3) with blank matrix did
not affect the metrological characteristics of the meth-
od: the value of calculated concentrations of analytes
was within the range of 89.76-94.99 % of the nominal
value, the CV value - within the range of 2.77-5.88 %
(Table 6). There was no carryover of analytes and inter-
nal standards from the previous sample.
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The selected antioxidant solution provides stabil-
ity of analytes in homogenate samples during 24 h
storage at room temperature, 3 freezing/thawing cy-
cles (FTS, freezing/thawing stability), 30 days storage
in a freezer at a temperature not exceeding -20 °C
(LTS, long-term stability), as well as stability in pre-
pared samples in an autosampler during 48 h at +4 °C
(Table 7).

The developed method was tested by analyzing
striatum samples obtained from 6 intact male Wistar
line rats. Brain samples were chilled with liquid nitro-
gen immediately after collection, and the striatum was
extracted. Homogenization and addition of stabilizer
solution was performed no later than 20 min after sam-
pling. The results of NA, Adr, Dop, 5HT, DOPAC, 5HIAA,
VMA, and HVA determinations are presented in Table 8.
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TABLE 7

RESULTS OF STABILITY ASSESSMENT OF ANALYTES IN BRAIN HOMOGENATES

Indicators Adr NA Dop 5HT 5HIAA DOPAC HVA VMA
STS (24 hours at room LOC  100.88 9658  99.85 91.80 9693 9780  99.01  101.79
< temperature) (n = 6%) HQC 10047 9403 9751 9064 10585 10221 103.88 107.47
= LOC 10060 101.04 10140 9556 97.26 10069 10262 105.00
S FTS(n=6%) (3 cycles)
< HQC 10322 9678 103.04 9763 10148 101.13 10201 107.44
o
= LOC 10281 9842 9876 9621 9961 10065 10147  100.41
£ ASS(48hat+4°C) (n=6%
£ HQC 10248 9596 9622 93.82 100.83 9795 10079 10458
o
X
¥ |75 (30 days at a temperature LQC  103.11 10012 10484 9550 9841 10241 10243  96.99
not exceeding -20 °C) (n = 6%) HQC 10225  99.08 10074 9870 9875 9784 9865 9885

Note. * - number of samples at each concentration level; FTS - freezing/thawing stability after 3 cycles; LTS - long-term stability.

TABLE 8

RESULTS OF QUANTIFICATION OF NORADRENALINE, ADRENALINE, DOPAMINE, SEROTONIN, DOPAC, SHIAA,

VMA, AND HVA IN RAT STRIATUM SAMPLES

Adr NA Dop
Mean values (n = 6) less than LLOQ 354.85 9181.30
SD - 3343 1497.84
CV, % - 9.42 16.31
DISCUSSION

Following the selection of optimal analysis con-
ditions for the preparation of brain tissue samples af-
ter their mechanical homogenisation, sample dilution
with methanol solution of internal standards was cho-
sen. This significantly improves sample preparation
throughput compared to work that has used liquid-lig-
uid extraction [18], dialysis [13, 17, 19], and analyte
derivatisation [13, 14]. The use of HPLC-MS/MS provides
an advantage in selectivity and sensitivity of the method
over HPLC-UV [8] and HPLC-EM [9-12] in performing
pharmacodynamic studies of drugs. For instance, when
using these methods, the molecules of MPs under study
may be extracted and coeluted together with the an-
alytes, thus giving overestimated quantification results
[3]. The chromatographic analysis time is 21 min, which
is longer than in the methods of E. Grouzmann et al. [5],
N. Hwang et al. [6], L. Fang et al. [7], S. Greco et al. [14],
C. Ji et al. [15]. These studies, however, analyse a small-
er number of monoamine neurotransmitters and their
metabolites.
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Concentration, ng/g

5HT 5HIAA DOPAC HVA VMA
595.86 1180.49 1851.35 896.26 less than LLOQ
137.25 24461 283.25 266.38 -
23.03 20.72 15.30 29.72 -
A stabiliser selection approach was adopted

by pre-assessing the short-term stability of analytes
in homogenates and the stability of samples in the au-
tosampler both without and with added antioxidants.
A similar approach was used for blood plasma samples
in [21], but it did not involve ASS testing. Reasonable re-
sults with the choice of antioxidant were achieved only
when aqueous solutions of ascorbic acid in a volume
ratio of 1:5 were added to the homogenate superna-
tant (Tables 5, 7). This is due to the fact that in meth-
anol samples, salt reducing agents (Na,SO,, Na,S,0

27273/
Na.S.0,) dissolve much worse than the selected stabi-

Iizér.zlnsthe study of long-term stability, a temperature
of -20 °C or less is considered to be sufficient for sample
storage (Table 7).

The concentrations of Dop, NA, 5HT, 5HIAA, DOPAC,
and HVA in rat striatum samples obtained in the course
of method validation coincide with the data published
in J. Lu et al. [2] and N.N. Khlebnikova et al. [10]. No
Adr and VMA chromatographic peaks were revealed
in the chromatograms of the tested samples, indicating
that the samples were collected correctly.



CONCLUSION

The developed method for quantitative determina-
tion of norepinephrine, adrenaline, dopamine, serotonin,
DOPAC, 5HIAA, VMA, HVA in rat brain samples conforms
to the requirements of NCESMP, EAC, ICH, FDA guidelines
in terms of selectivity, calibration dependence, accuracy
and coefficient of variation within and between cycles,
dilution effect, carry-over effect from previous sample,
matrix effect, stability. The implementation of the chosen
stabilisation method prevents oxidation of analytes during
sample preparation and analysis, as well as their storage
for at least 30 days. It substantially reduces the risks of un-
reliable results in preclinical pharmacodynamic testing
and exclusion of pharmacologically effective compounds
from the experiment as a consequence of falsely under-
estimated concentrations of neurotransmitters and their
metabolites in the samples.

Study limitations

This method has been validated and shown to be con-
venient for the determination of analytes in rat brain tis-
sue samples. The use of the method for quantification
of the substances under study in another animal species
would require partial validation by assessing the matrix ef-
fect, calibration dependence and selectivity.
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ORGANIZATIONAL ASPECTS OF MEDICAL REHABILITATION OF PATIENTS
WITH RESPIRATORY TUBERCULOSIS

SiraevaT.V,, ABSTRACT
Komissarova O.G.,
Romanov V.V. Background. Despite the visible successes of domestic phthisiology at the present

time, the problem of medical rehabilitation of patients with tuberculosis remains
relevant. In recent years, approaches to medical rehabilitation of patients with var-
ious diseases have changed significantly, which entail the need to consider a com-
plex of rehabilitation measures for patients with tuberculosis from the perspec-
tive of the Procedures for organizing medical rehabilitation in adults and children
and their integration into phthisiatric practice.
The aim of the study. To study the organizational aspects of medical rehabilitation
of patients with respiratory tuberculosis in the world and the Russian Federation.
Materials and methods. We carried out an analysis of domestic and foreign liter-
ature, regulatory documents on the organization of rehabilitation for tuberculosis
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PE3IOME

O6ocHosaHue. Hecmomps Ha sudumele ycnexu omeyecmseHHoOU ¢pmusuampuu
8 Hacmosauwee 8pems, npobaema MeduyuHckol peabunumayuu 60/16HbIx mybep-
Kynésom ocmaémca akmyasnsbHoU. B nociedHue 2006l 3Ha4UMesIbHO U3MEHUIUCh
Nnooxo0bl K MEOUUYUHCKOU peabunumayuu hayueHmos npu passiuyHelx 3abonesa-
HUAX, Komopwle 8/1eKym 3a coboli He06X00UMOCMb pacCMOMpPeHUA KoMnJsiekca pe-
abunumayuoHHelx Meponpuamud y 60/1bHeix mybepkynézom ¢ no3uyuli lMopsadkos
opeaHusauyuu mMeoduyYuHCKol peabunumayuu e3pocsbix U demell U UHMezPAYUIo
Ux 80 hmusuampuyeckyto Npakmuky.

Llens uccnedosaHus. V3yqumes op2aHu3ayUoHHble achekmsl MeOUYUHCKoU peabusu-
mayuu 6071bHbIX MybepKy1é3om opeaHos ObixaHus 8 Mupe u Pocculickoli Gedepayuul.

MemoOdel. BoinosiHeH aHanu3 omedecmseHHoU U 3apybexHol 1umepamypel, HOp-
MamueHO-npagosbix 0OKYMeHMOo8 N0 80NPOCAM Op2aHU3ayuu peabunumayuoH-
HoU nomouwju 60/1bHbIM mybepkynézom 3a nepuod 2018-2023 22. 8 371eKMPOHHbIX
6azax PubMed/Medline, Google Scholar no mepmu+am «tuberculosis, pulmonary/
rehabilitation», «mybepkynés/néaouHas peabunumayus».

Pe3ynbemamel nokasvigarom pacmyujuti 06uém pakmuyeckux OdHHbIX, caudemesb-
CMBYylouwUX 0 NOI0XUMEeNTbHOM 3¢hekme né204Hol peabunumayuu y nayueHmos
¢ pecnupamopHoU namosnoeuel, 8 moM yucie npu mybepkynése. [IposedéHHubili
aHAnU3 8blSBUST OepeKkmsl OpeaHU3AayuUU cucmemsl MeOUUUHCKOU peabunumayuu
8 cmpykmype MeduyuHcKol nomowu 6o16H6IM mybepKynésom 6 Poccutickol Dede-
payuu. 3mo kKacaemca 80npoco8 Mapwpymusayuu, 3manHocmu, op2aHU3ayuoH-
Hblx Modesieli, Ka0pOoBbIX U MamepuasibHbIX pecypcos, CmaHoapmu3ayuu 0CHOBHbIX
cocmasnAwWUX pedbuumayuoHHO20 npoyeccd, 3HaYuUMocmu U 3hgpekmusHocmu
mex U/IU UHbIX peabuiumayuoHHbIX Meponpuamud, 4mo 8edém K Huskol docmyn-
HoCMu peabunumayuoHHOU noMowu 014 60/1bHbIX mybepkynésom. Hedocmamku
HopMamusHo-npagogol 6a3sl npenamcmeyiom 8cmpausdaHuio MeduyuHckol pea-
bunumayuu 8 Nnpakmuky ggmusuampuyeckoli csiyx6ubl.

3aknoyenue. CospeMeHHble 80NPOCLI OpedHU3AUUU pedbunumayuoHHol nomMmowu
60/1bHbIM MYybepKynéaom mpebyrom OdsibHelile2o U3y4YeHUs U Co8epuIeHCMBosd-
Hus. Paszgumue cucmembl MeOUYUHCKOU peabunumayuu 60s16HbIx myb6epKyné3om
cnocobcmayem nogbleHU 3(hheKMUBHOCMU JleYeHUSs, CHUXEHUIO Koslu4ecmed oc-
JI0XHeHuU, UHBaAnuOU3ayuu, cMepmHoCcmu no npuyuHe myb6epkynésd, yseauyeHuto
Nnpooo/IKUMeEIbHOCMU U Ka4eCmad XU3HU 60/1bHbIX.

Knioyeaoie csiosa: mybepkynés, nocmmybepKynésHoe 1é204Hoe 3abos1egaHue, ped-
6unumauyus, nynemopeabusaumayus, usudeckas u peabunumayuoHHAa MeduyuHa

Ona yntupoBaHma: Cupaesa T.B., Komuccaposa O.., PomaHoB B.B. OpraHu3aLoHHble
acnekTbl MeAULIMHCKON peabunutauum 6onbHbIX TybepKynésom opraHoB AbixaHus. Acta
biomedica scientifica. 2024; 9(1): 192-202. doi: 10.29413/ABS.2024-9.1.19
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INTRODUCTION

In the early 1990s, the World Health Organization
(WHO) designated tuberculosis as a global health prob-
lem. Since then, efforts to confront the disease have
increased and the statistics of tuberculosis cases have
decreased [1].

The epidemic situation with TB in the Russian Fed-
eration (RF) in 2022 remains stable. The tuberculosis
incidence rate remains at 31.0 per 100,000 population.
The TB mortality rate in 2021 was 4.3 per 100,000 pop-
ulation. The prevalence of tuberculosis in the civilian
population fell to a historic low (58.5 per 100,000 pop-
ulation). The prevalence of tuberculosis with bacterial
excretion is 26.6 %; among patients discharging bacte-
ria, 56.9 % are patients with multidrug-resistant tuber-
culosis. More than a quarter (26.1 %) of TB patients have
concomitant HIV infection [2].

I.A.Vasilieva et al. revealed that «despite a significant
decreaseintheTBincidenceratein 2020,in 2021, the de-
cline continued simultaneously with a heavier clinical
structure of tuberculosis: an increase in the proportion
of newly diagnosed tuberculosis patients with pulmo-
nary tissue destruction, massive bacterial excretion
and fibrotic cavernous tuberculosis’ [3], which plays
one of the leading roles in the causes of TB-related dis-
ability in Russia [4].

Thanks to new and constantly improving diagnostic
and treatment methods, there are currently about 155
million individuals successfully treated from TB world-
wide [5, 6]. However, both TB itself and chemotherapy
can lead to irreversible effects in the body. Tuberculosis
patients report a transition from an acute state to a life
with multiple chronic conditions affecting post-tuber-
culosis pulmonary changes, neurological impairments,
cardiac and psychiatric disorders leading to poor quality
of life and increased risk of death [7-9].

Pulmonary rehabilitation is an important compo-
nent of the recovery of patients with chronic lung dis-
ease. The official statement of the American Thoracic So-
ciety (ATS) and the European Respiratory Society (ERS)
defines pulmonary rehabilitation as «a comprehensive
intervention based on a thorough patient assessment,
followed by individualised therapy, including but not
limited to exercise, education and behaviour change,
designed to improve the physical and psychological
well-being of people with chronic respiratory disease
and to promote long-term adherence» [10].

There is strong evidence that pulmonary rehabil-
itation improves health status, physical performance,
social functioning and is recommended in interna-
tional guidelines [11]. Much of the evidence support-
ing the benefits of pulmonary rehabilitation comes
from studies in groups of patients with chronic lung
disease, predominantly chronic obstructive pulmonary
disease and bronchiectatic disease [12]. There is emerg-
ing evidence on post-tuberculosis pulmonary disease
rehabilitation, but more data are required to determine
its effectiveness [13].
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Despite the visible successes demonstrated by do-
mestic phthisiatry currently, the problem of medical re-
habilitation (MR) of tuberculosis patients remains highly
relevant. Over recent years, approaches to the imple-
mentation of MR in patients with various diseases have
changed significantly, which entails the need to consider
the complex of rehabilitation measures in tuberculosis
patients from the perspective of the Procedures for Or-
ganising Medical Rehabilitation of Adults and Children,
approved by the orders of the Ministry of Health of Rus-
sia No. 788n dated July 31, 2020 and No. 878n dated Oc-
tober 23,2019 [14, 15], and their integration into phthi-
siatric practice. Therefore, in this article, we would like
to address the problems of MR in TB patients, consider-
ing the new concept of the development of a compre-
hensive rehabilitation system in the Russian Federation.

THE AIM OF THE STUDY

To study the organizational aspects of medical re-
habilitation of patients with respiratory tuberculosis
in the world and the Russian Federation.

MATERIALS AND METHODS

The analysis of domestic and foreign literature, reg-
ulatory and legal documents related to the organisation
of comprehensive rehabilitation care for tuberculosis
patients over the period 2018-2023 in the electronic da-
tabases PubMed/Medline, Google Scholar by the terms
«tuberculosis, pulmonary/rehabilitation», «tuberculosis/
pulmonary rehabilitation» was performed.

RESULTS

Rehabilitation is an integral part of the health care
system along with health promotion, disease prevention,
treatment and palliative care. As health systems have
grown in many countries around the world, the survival
rate of patients after serious illness and severe injury has
increased, but the number of people with residual com-
plex functional impairment leading to disability has also
increased. According to WHO estimates, about 2.4 bil-
lion people in the world currently suffer from diseases
for which rehabilitation is indicated [16]. The prevalence
of disability in most European countries is about 10 %,
which leads to a certain burden of care for both individuals
and society as a whole, increasing the costs of medical
and social care [17].

Rehabilitation is an effective way to reduce disability
as well as increase opportunities for people with impaired
function. The structure, funding and accessibility of re-
habilitation services vary from state to state and depend
on health systems. In order to create common basic prin-
ciples for the organisation of rehabilitation care, the Euro-
pean Union of Medical Specialists (EUMS) has published



a White Paper on Physical and Rehabilitation Medicine
(PRM), which outlines its main positions in Europe, defin-
ing the specialisation, functioning, competencies and pro-
fessional qualities of PRM specialists, based on advanced
standards of care in accordance with the evidence base
and in the context of various national recommendations
and practices [17].

A new definition of «medical rehabilitation» is in-
troduced by the Federal Law «About the Fundamentals
of Citizens™ Health Protection in the Russian Federation»
No. 323-FZ dated November 21, 2011 [18]. Follow-up care
and rehabilitation of tuberculosis patients in the Rus-
sian Federation are guaranteed by Federal Law No. 77-FZ
dated June 18, 2001 «About prevention of tuberculosis
spread in the Russian Federation» [19]. The procedure
for follow-up care of tuberculosis patients, persons who
are or have been in contact with the source of tuberculo-
sis, as well as persons suspected of tuberculosis and those
cured of tuberculosis, regulates the examination of pa-
tients, treatment, and medical rehabilitation of these per-
sons. Follow-up care is implemented by TB specialists
on the basis of clinical recommendations and in accor-
dance with the standards of medical care, whose functions
include rehabilitation measures in addition to dispensary
appointments (examinations, consultations) [20].

Procedures for the organisation of medical rehabilita-
tion of adults and children [14, 15] also prescribe adher-
ence to clinical recommendations and standards of care
as one of the basic conditions for MR activities. Tubercu-
losis clinical guidelines for both adult and children’s tuber-
culosis state that rehabilitation of patients with tubercu-
losis should start from the very beginning of the patient’s
treatment and is mainly limited to the use of movement
regimen and high-protein diet as pathogenetic treatment
methods aimed at restoring the patients’ health. In addi-
tion, rehabilitation measures include other drug and non-
drug components of pathogenetic treatment, the main
objective of which is to restore specific and non-specific
reactivity of the patient’s organism. Psychological and/
or social support to build adherence to treatment is also
categorized as rehabilitative [21, 22].

The above-mentioned clinical guidelines for patients
with tuberculosis receiving treatment in the continuation
phase, in the absence of contraindications, recommend
the sanatorium phase of treatment [21, 22]. The Procedure
for the provision of medical care to patients with tubercu-
losis defines the «Rules for organising the activities of a san-
atorium for the treatment of tuberculosis of all forms»,
in which MR of persons placed on the TB dispensary regis-
teris declared as one of the main functions of a phthisiatric
sanatorium [23].

The procedures for organizing medical rehabilitation
for both adults and children specify a stage of MR imple-
mentation. The first stage of MR is recommended to be im-
plemented in structural subdivisions of a medical organi-
sation providing specialised, including high-tech, medical
care in an inpatient facility under the profile ‘TB’, where
rehabilitation measures should be initiated in the acute
(up to 72 hours) and peracute periods of the disease course
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in emergency conditions, conditions after surgical inter-
ventions (in the early postoperative period), chronic criti-
cal conditions and should be carried out daily for at least
1 hour, but not more than 3 hours.

The second stage of MRisimplemented at the inpatient
medical rehabilitation departments created in the health
care organisations, including medical rehabilitation cen-
tres, sanatorium-resort organisations (SRIs) [14, 15]. How-
ever, the current Procedure for the Provision of Medi-
cal Care to Patients with Tuberculosis does not provide
for the organisation of medical rehabilitation departments
in the structure of TB institutions; accordingly, there are no
staffing and equipment standards [23]. Nowadays, in fact,
the second stage of MR of tuberculosis patients is partially
implemented in tuberculosis sanatoria as part of the pro-
vision of sanatorium-resort care. MR activities in the sec-
ond stage should be conducted in the early recovery pe-
riod of the disease course and during the residual effects
of the disease course and should be performed daily
for at least 3 hours [14, 15].

The third stage of MR is implemented when provid-
ing primary medical and sanitary care in an outpatient
basis and (or) in a day hospital (outpatient medical reha-
bilitation department, medical rehabilitation department
of a day hospital), including in MR centres, SRIs. MR activi-
ties in the third stage are implemented at least once every
48 hours, lasting at least 3 hours [14, 15].

Sanatorium-resort treatment has been and remains
an important link in the MR of TB patients at the second
and third stages of TB treatment. The preamble of one
of the current orders of the Ministry of Health of the Rus-
sian Federation regulating the organisation of sanatori-
um-resort care for patients in tuberculosis sanatoria states
that «the use of natural and pre-formed therapeutic fac-
tors, kumiss therapy, therapeutic nutrition and active mo-
tor regimen makes it possible to increase the effectiveness
of treatment and accelerate the rehabilitation process» [24].
The Russian Federation has preserved a network of TB san-
atoria, which have vast scientific and practical experience
and potential in the rehabilitation of TB patients [25-27].

Unfortunately, the role of rehabilitation measures
and sanatorium-resort treatment as a tool to improve
the effectiveness of TB patients’ treatment from the per-
spective of evidence-based medicine is currently underes-
timated. According to the latest available official statistics
from 2019, there is a reduction in the number of sanatoria
and the number of sanatorium beds in the Russian Feder-
ation for adults and children diagnosed with tuberculosis,
where only 3.2 % of newly diagnosed patients with tuber-
culosis and 7.0 % of the contingents on dispensary reg-
istration at the end of the year were hospitalised, which
indicates the low availability of rehabilitation measures
for patients in the second and third stages of MR [28].
For this reason, the position of G.S. Balasanyants, who be-
lieves that the modern concept of organising sanatorium
treatment should provide for the expansion of the role
and importance of tuberculosis sanatoriums, which is de-
termined by the principles of the national phthisiatric doc-
trine, has not lost its significance [29].

Phthisiology



Indications towards the organizational model that
allows solving the tasks of providing comprehensive
medical, social and rehabilitation care at the third stage
of MR are presented on the example of an outpatient
phthisiatric institution of St. Petersburg «TB Dispensary
No. 5», where a department of medical and social care
and rehabilitation was formed. N.V. Korneva et al. point
out the exclusivity of the existing department, which
required the development of all regulatory documen-
tation, including the department’s regulations, func-
tional responsibilities of employees, algorithms of work
and routing, and rehabilitation programmes [30].

To determine individual patient routing when imple-
menting MR measures at different stages, the Procedure
for Organising Medical Rehabilitation proposes the Reha-
bilitation Routing Scale (RRS) [14].

If the RRS score is 0-1, the patient does not need
rehabilitation (only secondary prophylaxis is indicat-
ed), if the score is 2-3, a course of treatment in a stage
3 MR unit (day hospital) is indicated, and if the score
is 4-6, a course of treatment in a specialised stage 2 MR
unit (round-the-clock unit/on-site home rehabilitation
course/telemedicine consultation) is indicated (Fig. 1).

We found no sources in the available literature that
assessed the status of TB patients by RRS, which is neces-
sary to clarify the need for rehabilitation care for TB pa-
tients at all stages of MR.

Rehabilitation measures are implemented by a multi-
disciplinary rehabilitation team (MDRT), which is a struc-
tural and functional unit of a structural subdivision
of a health care organisation or other organisation, es-
tablished on a functional basis from the employees
of the specified departments [14, 15]. The MDRT is led
by a doctor of physical and rehabilitation medicine, a spe-
cialist who meets the requirements of the professional
standard “Specialist in Medical Rehabilitation” [32].

The MDRT may include: physical and rehabilitation
medicine doctor/medical rehabilitation doctor, physi-
cal rehabilitation specialist, ergorehabilitation specialist,
medical psychologist/psychotherapist, medical speech
therapist, medical rehabilitation nurse, ward nurse, exer-
cise therapist, physiotherapist, reflexologist, physical ther-
apy instructor, physical therapy instructor, physiotherapy
nurse, massage nurse, reflexology nurse, physical therapy
instructor [14, 15].

One can't but agree with the opinion of N.V. Korne-
va et al. [30], that despite the fact that one of the tasks
ofaTBdispensary,according to the Procedure forthe Pro-
vision of Medical Care to Patients with Tuberculosis,
is the implementation of rehabilitation measures for pa-
tients with tuberculosis [23] and the professional stan-
dard of a doctor-phthisiatrist contains the labour func-
tion - “conducting and monitoring the effectiveness
of inpatient medical rehabilitation of tuberculosis

alololele

specialised medical
rehabilitation department,

stage 2

repeated course of rehabilitation
measures to a stage

3 rehabilitation center

palliative care

v
o}
S
n A

secondary medical rehabilitation

prevention department, stage 3
v
&
a A y A y A A y

secondary medical rehabilitation

prevention department, stage 3

RRS RRS
m 2 5-6
v
o
S
&a A A 2 p
secondary prophylaxis by a specialist in the area of residence or district
therapist, district paediatrician
FIG. 1.

Patient routing at the stages of medical rehabilitation [31]
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patients and persons with post-tuberculosis residual
changes during the provision of specialised medical care,
including the implementation of individual rehabilitation
or habilitation programmes for disabled persons” [33],
the recommended staffing standards of phthisiatric insti-
tutions, including sanatoriums providing treatment of tu-
berculosis of all forms, do not include specialists required
for organisation and implementation of MR, in accordance
with the Procedure for Organisation of Rehabilitation Care.
According to Order No. 932n, TB dispensaries should have
a medical and social assistance room only in the struc-
ture of an outpatient counselling department, the staff
of which includes a head, a medical methodologist, a med-
ical psychologist, a social worker, and a medical and social
assistance nurse [23]. This staffing is clearly insufficient
to form the MDRT.

When implementing MR activities at all stages
of MDRT, a rehabilitation diagnosis is established, in-
cluding the characterisation of the state of functioning
and disability (function, body structure, activity and par-
ticipation of the patient), the influence of environmental
and personal factors based on the International Classifi-
cation of Functioning, Disability and Health (ICF) and its
changes in the course of MR activities [14, 15].

In 2001, the International Classification of Func-
tioning, Disability and Health was published, belonging
to the «family» of international classifications developed
by WHO, applicable to various aspects of health, providing
common rules for coding a wide range of health-related
information, and using a standardised common language
to enable communication on health and health-related
issues worldwide in different disciplines and branches
of science [34].

E.V. Melnikova et al. in their published instruction con-
cerning the use of ICF in outpatient and inpatient medical
rehabilitation (2017) emphasised the main aspect of re-
habilitation, which before the creation of ICF was focused
around disorders of functions and structures, which led
to active medical care, but other, non-medical problems
of the patient were not considered. ICF implementa-
tion has shifted the focus of the professional’s attention
to functioning rather than function, manifested by a bet-
ter perception of the impairments present from the cat-
egories of activity and participation, as well as personal
and environmental factors, which allows a broader view
of the patient’s problems in order to make a rehabilitation
diagnosis, determine the goal and objectives of rehabilita-
tion, and make better use of available resources [35].

The ICF today includes more than 1.6 thousand dif-
ferent categories [34], which significantly complicates its
practical application, and in this regard, reduced versions
of classification for specific nosological forms of diseas-
es, the so-called basic sets of ICF, the formation of which
is based on the results of scientific studies based on many
thousands of samples, in which specialists of the relevant
profile, related specialties, with the participation of a group
of international experts of WHO [36]. There are current-
ly more than 50 ICF core sets developed and published
for the most common diseases such as stroke, ischaemic
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heart disease, traumatic brain injury, etc. [37]. Unfortu-
nately, tuberculosis is not one of them.

The basic set of ICFs simplifies the development
of a rehabilitation programme for a specific pathology
in a specific patient, allows to make it, on the one hand,
comprehensive, on the other - as individual as possible.
There is a large number of works in the public domain
showing the practical application of ICF for health assess-
ment and rehabilitation measures in various diseases,
resulting in the formation of effective rehabilitation pro-
grammes, the implementation of which leads to the solu-
tion of the set tasks and achievement of the MR goal
of the described patients [38, 39].

In order to adequately assess the various ICF catego-
ries and identify the actual problems of the examined pa-
tient, a number of special examination methods are widely
used in medical rehabilitation: laboratory and instrumen-
tal studies, various international scales, tests and ques-
tionnaires according to the pathology for objectification
of which they were created. Different variations of their
use in specific clinical examples were demonstrated
by G.E. lvanova et al. The authors believe that the creation
of a unified tool for assessing a patient’s general condi-
tion based on the ICF principles using modern methods
of patient examination, clinical tests and scales accepted
by the professional community will help MDRT in making
a rehabilitation diagnosis and in determining a more accu-
rate rehabilitation potential, which will ensure higher effi-
ciency of medical rehabilitation in general [36].

In phthisiatric practice, the «Scale for assessing func-
tional deficit in tuberculosis patients» that was developed
using the ICF was proposed by T.V. Pyaznova et al. (2018);
it was used to assess clinical and laboratory signs of internal
organ failure, impaired communication, mobility and self-
care in tuberculosis patients with HIV infection [40, 41].

In summary, the development and validation
of a basic set of ICF domains in TB patients, selection of lab-
oratory and instrumental research methods, special tests
and scales to describe ICF categories, development of cri-
teria for assessing the severity of disability, distribution
of domains of the basic set of ICF domains among MDRT
specialists for assessment procedures, and determination
of the relationship between ICF categories and certain
rehabilitation measures should become one of the direc-
tions of further studies.

One of the main principles of MR is the early initiation
of rehabilitation measures, which is important in terms
of preventing degenerative changes in tissues and pro-
vides a more favourable course and outcome of the dis-
ease, serves as one of the moments of disability preven-
tion [42]. However, foreign literature sources most often
cover the issues of pulmonary rehabilitation of patients
after tuberculosis [13].

Studies have shown that up to 50 % of TB patients
report disease-related health problems after complet-
ing treatment [43-45], which negatively affect quality
of life with negative consequences for psychological, so-
cial and economic components and reduce overall life ex-
pectancy [46-48]. Post-tuberculosis pulmonary changes
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in the form of bronchiectasis, bronchial stenosis, cavita-
tion, fibrotic nodular scarring and pleural thickening lead
to changes in the elasticity of lung tissue, gas exchange,
functional lung volumes and airflow with consequent im-
pairment of lung ventilation [13, 49]. A significant propor-
tion of patients who have completed TB treatment there-
fore report residual cough, weakness, dyspnoea, difficulty
climbing stairs or with activities of daily living, at work.
The true burden of post-tuberculosis conditions is not fully
known due to the lack of epidemiological data, but some
authors estimate that they affect 18-87 % of patients
cured of tuberculosis [50].

In 2019, the first International Symposium on Post-Tu-
berculosis Disease was held in Stellenbosch, South Africa,
where the definition of post-tuberculosis pulmonary dis-
ease (PTPD) was adopted as features of chronic respiratory
pathology with or without symptoms that can be at least
partially attributed to prior (pulmonary) tuberculosis
[51, 52]. There is an urgent need to acknowledge PTPD
as a leading cause of chronic lung disease and to conduct
more research into its diagnosis, pathophysiology, and op-
timal person-centred management to reduce morbidity
and achieve better treatment outcomes in clinically cured
TB patients [53, 54].

The International Union Against Tuberculosis and Pul-
monary Disease has published Guidelines for Post-Tuber-
culosis Pulmonary Disease [13], based on the Global Plan
to End Tuberculosis [55], and Clinical Standards for the As-
sessment, Management and Rehabilitation of Post-Tuber-
culosis Pulmonary Disease [51], which represent the first
formal attempt to develop a consensus approach to thisim-
portant global problem by international experts. The doc-
ument contains general principles that need to be adapted
to specific circumstances and situations for the subse-
qguent implementation of rehabilitation programmes. Five
standards are proposed, including: a basic set of examina-
tions to detect PTPD, an identification of indications in pa-
tients with PTPD for pulmonary rehabilitation, a statement
of the main components of the rehabilitation programme,
methods for assessing the effectiveness of rehabilitation
measures and a scheme for patient assessment during TB
treatment and follow-up, and a summary of the compo-
nents of educational programmes [51].

Preliminary data from studies in TB survivors suggest
that pulmonary rehabilitation programmes may be bene-
ficial for people with PTPD dyspnoea and pulmonary dys-
function. Access to pulmonary rehabilitation programmes
in high TB burden settings is currently limited, and more
data are needed to understand the best combination
oftools and techniques that could be both usefuland wide-
ly available to health care providers and recipients [56].
Studies examining pulmonary rehabilitation in individuals
with PTPD have mainly used a holistic approach including
methods such as 6-minute walk test, breath-hold tests,
breathing exercises, drainage breathing techniques, nutri-
tional advice and psychological support [13].

Studies from both high- and low-income countries
suggest that pulmonary rehabilitation programmes
for people with PTPD are viable and are associated
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with improved quality of life, physical performance and re-
spiratory outcomes [13]. Evidence of specific pulmonary
rehabilitation programmes tailored to patients with PTPD
also exists in institutions with adequate resources, logistics
and qualified staff; and these have generally been found
to be effective [57-59].

There are reports of successful use of simplified pro-
grammes that do not require significant material inputs
and equipment. The ability to modulate pulmonary reha-
bilitation programmes by adapting them to patient person-
ality factors and available resources makes pulmonary re-
habilitation potentially accessible to individuals (including
children and adolescents) in a variety of settings [13, 51, 58].

An increasing body of evidence thus demonstrates
the positive effects of pulmonary rehabilitation in patients
with chronic pulmonary disease. Despite these important
benefits, however, pulmonary rehabilitation is universally
underutilised and referral, coverage and completion rates
are alarmingly low. Worldwide, less than 3 % of patients
with chronic pulmonary disease benefit from pulmonary
rehabilitation [60]. One of the key impediments for pul-
monary rehabilitation referrals is the poor recognition
of its benefits by health care organisations, due in part
to the limited resources and funding available for pulmo-
nary rehabilitation services. The two most common barri-
ers for patients to be referred to pulmonary rehabilitation
are related to a lack of knowledge among health care pro-
viders about the content of pulmonary rehabilitation pro-
grammes and its benefits [61].

CONCLUSION

The analysis of publications and current regulatory
and legal regulatory background in the field of rehabil-
itation in the Russian Federation and publications in do-
mestic and foreign sources testifies to the imperfection
of the organisation with regard to the medical rehabil-
itation system in the structure of medical care for tuber-
culosis patients. This concerns issues of routing, phasing,
organisational models, human and material resources,
standardisation of the rehabilitation process's main com-
ponents, and the significance and effectiveness of certain
rehabilitation measures, which leads to low accessibility
of rehabilitation care for TB patients.

Shortcomings in the legal and regulatory framework
hinder the integration of MR into the practice of the phthi-
siatric service. To organise an effective system of rehabili-
tation care for tuberculosis patients, it is necessary to form
rehabilitation units within the structure of TB institutions
in compliance with the staffing norms for MDRT forma-
tion and equipment standards recommended by the Pro-
cedure for Organising Medical Rehabilitation, for which
it is necessary to make appropriate additions to the Pro-
cedure for Providing Medical Care to Tuberculosis Patients.

Nowadays, the issues related to the organisation
of rehabilitation care for tuberculosis patients require
further study and improvement. It is crucial to determine
the indications for rehabilitation measures, comprehensive



examination of the patient using diagnostic tools, assess-
ment tools, scales and questionnaires to establish the re-
habilitation diagnosis, and the patient’s priority problems
from the ICF perspective, in order to personalise pulmonary
rehabilitation programmes to achieve the rehabilitation
goal and effectively address the patient’s individual needs.

Medical rehabilitation development as part of medi-
cal care for tuberculosis patients will ultimately contribute
to improving the effectiveness of tuberculosis treatment,
reducing the number of complications, disability, mortali-
ty associated with tuberculosis, and increasing the life ex-
pectancy and quality of life of patients.
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ABSTRACT

Background. There is growing interest in determining the role of melatonin in the regu-
lation of proliferation and apoptosis of ovarian cells at various diseases and destabiliz-
ing influences. It is believed that the choice between the implementation of a cell death
or survival program determines the ratio of anti-apoptotic and pro-apoptotic proteins.
The aim. To identify the effect of melatonin on the expression of anti-apoptotic Bcl-2
and pro-apoptotic Bad and the Bcl-2/Bad ratio in the ovarian luteocytes of Wistar rats
in the acute (day 3) and recovery (days 7 and 14) periods after a single exposure to ex-
perimental hyperthermia.

Materials and methods. Warming up took no more than 17 minutes. Melatonin was
injected subcutaneously (0.1 mg in 0.2 ml of physiological solution) for 3 days after
experimental hyperthermia. Comparison groups included rats with physiological solu-
tion injection (control) and animals after experimental hyperthermia + physiological
solution injection. The Bad and Bcl-2 expression was determined immunohistochem-
ically on days 3, 7 and 14 after experimental hyperthermia + physiological solution
or melatonin injection.

Results. On the day 3 after experimental hyperthermia, the effect of the hormone was
not detected. A week after experimental hyperthermia + melatonin injection, the Bad
expression area decreased more significantly than in rats after experimental hyperther-
mia + physiological solution injection, which led to an increase in Bcl-2/Bad ratio. This
indicated an increase in anti-apoptotic protection, blocking the development of the in-
ternal apoptosis pathway at this time. 2 weeks after experimental hyperthermia + phys-
iological solution injection, the Bcl-2 area decreased more significantly than the Bad
area. As a result, the Bcl-2/ Bad ratio decreased almost 2-fold compared to the control
group. This indicated the activation of the “mitochondrial branch” of luteocyte apopto-
sis. Two weeks after experimental hyperthermia + melatonin injection, the Bad and Bcl-
2 areas decreased synchronously, which restored Bcl-2/Bad to control values.
Conclusion. The melatonin injection after experimental hyperthermia shifts the ra-
tio of Bcl-2/Bad expression areas towards an increase in anti-apoptotic Bcl-2 already
a week after the recovery period and promotes earlier normalization of Bcl-2/Bad
to physiological levels (as early as 2 weeks after experimental hyperthermia + mela-
tonin injection).

Key words: melatonin, apoptosis, experimental hyperthermia, rat ovaries, corpus lute-
um, luteocytes, Bad, Bcl-2, Bcl-2/Bad
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PE3IOME

Pacmém uHmepec K 8blacHeHUt0 posiu MenamoHuHa (MT) e peaynayuu nponugepa-
Yuu u anonmo3sa Kemok AUYHUKO8 NpU pas/iuyHblx 3a60/1e8aHUsX U 0ecmabuiusu-
pytouwux 8o3deticmausax. Cdumaemcs, 4mo 8bi6op Mexdy peanusayueli npopaMmmel
2ubesiu usu 8bIXKUBAHUA KJemKu onpedesisem cOOmHoweHue aHmuanonmomu-
yeckUx U hpoanonmomuyeckux 6eJikos.

Lenw. Boisgsumeo 8ausHUE MeIAMOHUHA HA 3KCNpeccuro aHmMudnonmomu4ecko-
20 Bcl-2 u npoanonmomuueckozo Bad u coomHoweHue Bcl-2/Bad 8 nomeoyumax
AUYHUKOB KpbIC Bucmap 8 ocmpelti (3-u cymku) u BoccmaHosumesbHebit (7-e u 14-e
CYymKU) nepuo0bl Nocsie 00HOKPAmMHO20 8030elicmaus 3KkcnepuMeHmasnsHol eunep-
mepmuu (3r).

Memooel. PazoepesaHue cocmasnano He 6osnee 17 muHym. MT 8800usiu NOOKOX-
Ho (0,1 m2 8 0,2 mn ¢pu3uonozuyeckozo pacmeopa (DP)) 8 meyeHue 3 cymok nocrne
3. Ipynnel cpagHeHus — Kpeicbl ¢ 88edeHueM OP (KOHMpPOJIb) U XUBOMHbIe nocsie
3l u OP. 3kcnpeccuto Bad u Bcl-2 onpedenanu ummyHo2ucmoxumuydecku Ha 3-u,
7-e u 14-e cymku nocne 3l u seedeHus MT/DP.

Pesynemamel. Ha 3-u cymku nocne 3I 3¢ppekm 20pmoHa He 8viaenanca. Yepes
Hedesnto nocae 3 + MT nnowads 3kcnpeccuu Bad ymeHbwanace 3HayumersoHee,
yem y Kkpeic nocsie 3 + OP, ymo npusodusio Kk pocmy Bcl-2/Bad. 3mo ceudemere-
cmeosa’sio 06 ysenuyeHUU aHmuanonmomuyeckol 3awumel, 6710Kupytowel pas-
sumue 8HympeHHe20 Nnymu anonmo3d Ha OaHHOM cpoke. Yepe3 2 Hedesu nocne
3l + ®P nnowaoe Bcl-2 ymeHbwanace 3HadyumessHee, 4em niaowaoe Bad. B pe-
3ynemame Bcl-2/Bad npakmuyecku 8 2 pa3a CHUXAJICA NO CpABHEHUIO C KOHMPO-
sieM. 3mo csudemenbcmeosadsno 06 akmugayuu «MumoxoHOpUasbHol eemaux»
anonmo3sa nomeoyumos. Yepes 2 Hedenu nocae 3 + MT nnowadu Bad u Bcl-2
YMEHbWAIUCh CUHXPOHHO, Ymo 8occmaxasnugasno Bcl-2/Bad 0o koHmpons.
3aknioyeHue. BgedeHue MT nocne 3 cOsuzaem coomHouwleHue nioujadel Skcnpec-
cuu Bcl-2/Bad 8 cmopoHy ysenudeHus aHmuanonmomuyecko2o Bcl-2 yxe uepe3
HedeJsilo 80CCMAHOBUMEIbHO20 Nepuodd U cnocobcmayem 6osee paHHel HOpManu-
3ayuu Bcl-2/Bad 0o ¢pusuonozudeckozo yposHs (yxe yepes 2 Hedesnu nocse 3 + MT).

Knrouesole cnoea: mMeslamoHUH, anonmo3s, 3KCcnepuMeHmMasabHas aunepmepmus,
AUYHUKU KpbIC, Xénmole mend, stomeoyumel, Bad, Bcl-2, Bcl-2/Bad

Ona untnposanuna: Muuypuxa C.B., KonecHunkos C.U., Nwenko W.IO., Apxunos C.A. Bnu-
AHME MeNaToOHUHA Ha 3Kcnpeccuto 6enkos Bcl-2 n Bad B kKneTkax XEnTbIX Ten ANYHMKOB
nocrie BO3AenCTBUA SKCNepuMeHTanbHol runeptepmun. Acta biomedica scientifica. 2024;
9(1): 203-213. doi: 10.29413/ABS.2024-9.1.20
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INTRODUCTION

In modern conditions, the impact of high tempera-
ture to the human body is increasing as a result of global
climate change, the development of regions with hot cli-
mate, the development of tourism and migration, as well
as work in a number of industries (metallurgical, coal,
mining, etc.). Meanwhile, to date, extensive scientific
material has been accumulated about the use of hyper-
thermia for the therapy of oncological, infectious, para-
sitic diseases, drug-dependent conditions, AIDS. Gen-
eral hyperthermia in the temperature range from 42.5°
to 44.0 °C is an extreme factor of the environment,
to the action of which the body responds with a combina-
tion of complex changes that lead to profound disorders
of cellular and extracellular relationships in biological
structures and significant disorders of blood circulation
and lymph flow, the development of hypoxia and stimu-
lation of apoptosis. The reproductive organs, in particular
the ovaries, which are the centre of the female reproduc-
tive system, are under considerable strain in these con-
ditions [1].

Crucially, stress-induced regulated cell death also
represents a strategy for preserving biological equilibri-
um, resembling an adaptive response to stress.

Two main pathways of apoptosis signal transduc-
tion are distinguished: receptor-dependent (external)
signalling pathway involving cell death receptors ex-
pressed on the cell membrane surface, and mitochon-
drial (internal or intrinsic) pathway. The intrinsic apop-
tosis pathway is a form of regulated cell death triggered
by various changes in the microenvironment, including
DNA damage, endoplasmic reticulum stress, excess re-
active oxygen species, etc. The mitochondrial signalling
pathway of apoptosis is activated as a result of increased
permeability of the mitochondrial outer membrane, re-
lease of apoptogenic proteins from the mitochondrial
intermembrane space into the cell cytoplasm and subse-
quent triggering of a whole cascade of reactions leading
tothe developmentof programmed cell death. Animport-
ant role in the mechanisms of regulation of programmed
cell death is assigned to the inhibitor of apoptosis — Bcl-2
protein, which prevents translocation of Bcl-2-associ-
ated cell death promoters Bax and Bad by oligomer-
isation with these proteins and thus blocks the release
of proapoptotic small molecules from mitochondria [2].
The ratio of active forms of apoptosis inhibitors and in-
ducers determines the choice between the implemen-
tation of the cell death programme and cell survival
and is informative in determining the degree of apop-
tosis inhibition [3]. The ability to influence the interac-
tion between anti-apoptotic and pro-apoptotic mem-
bers of the BCL-2 family through either pharmacological
or genetic interventions is of great importance in med-
icine for the treatment of various (cancer, autoimmune,
neurodegenerative, etc.) diseases [3].

Any stresses and extreme exposures, including hy-
perthermia, lead to disturbances in the body’s detoxifi-
cation and adaptation systems. The epiphysis hormone
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melatonin (MT) is involved in restoring disturbed ho-
meostasis and optimising the functions of various or-
gans and systems. This hormone, which has a wide range
of properties, is the main synchronizer of the body’s en-
dogenous rhythms, as well as a powerful antioxidant.
Moreover, MT is an antioxidant that is found in the mi-
tochondria of cells, and at higher concentrations than
in other organelles or subcellular sites. It is believed that
MT can even be synthesized in mitochondria [4]. The abil-
ity to regulate cell proliferation and apoptosis is one
of the most significant physiological properties of epiph-
yseal MT [5, 6].

Epiphyseal MT is involved in the regulation of sex
hormone secretion and puberty processes, thus ensur-
ing the full functioning of the reproductive system. MT
deficiency in mice leads to follicle atresia and accelerates
age-related fertility decline [7]. This hormone is a key reg-
ulator of human reproductive functions [8].

The corpus luteum serves as a temporarily function-
ing organ and defines a crucial role in the regulation
of the estrous cycle and maintenance of pregnancy.
The luteal function is largely performed by progesterone,
the main steroid hormone synthesised by this gland. MT
has been found to play a key role in reproductive phys-
iology by regulating the production of prolactin, folli-
cle-stimulating and luteinising hormones. MT synthesis
in the ovaries and testes reflects the auto- and paracrine
regulation of reproductive physiology, ensuring high
quality ova and sperm. The hormone is produced
in the cells of the epithelium, stroma, and myometri-
um and is involved in maintaining the homeostasis
of the organ by regulating multiple pathways associated
with the processes of decidualisation and implantation
[9]. MT functions as an important regulator in the ova-
ry, as indicated by the expression of melatonin receptors
MT1 and MT2 in different compartments of the ovary [10].
The presence of MT1 and MT2 in luteocytes and the regu-
latory role of MT in the endocrine function of the ovarian
luteal bodies of horses [11], pigs, and mice [10, 12] have
been confirmed. It has been revealed that this hormone
is able to increase progesterone release by corpus luteum
in gestating sows [10], and to induce progesterone pro-
duction by granulosa and luteal cells in humans [13]. MT
activates a set of genes expressed in the sows’ and mice
corpus luteum associated with progesterone synthesis,
including cytochrome P450 family 11 subfamily A mem-
ber 1 (Cypl1al), aldo-keto reductase family 1, member
C18 (Akric18), isopentenyl diphosphate delta isomerase
1 (Idi1) and luteinising hormone/choriogonadotropin re-
ceptor (LHCGR), and consequently increases progester-
one production in sows [14].

There is now increased interest in elucidating the role
of MT in the regulation of cell proliferation and apoptosis
in a number of different ovarian cells. The aspects con-
cerning the role of MT and its effect on the «mitochon-
drial branch» of apoptosis in luteocytes of ovarian lu-
teal bodies in experimental models of overheating are,
however, insufficiently covered in scientific publications.
This determined our interest in studying the effect of MT
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on programmed cell death processes in ovarian luteal
cells when exposed to high temperature.

THE AIM OF THE STUDY

To analyse the effect of melatonin after a single expo-
sure to experimental hyperthermia (EH) against the ex-
pression of apoptosis inhibitor Bcl-2 and inducer of pro-
grammed cell death protein Bad and against the Bcl-2/Bad
ratio in luteocytes of Wistar rats in acute (3™ day) and re-
covery (7" and 14t day) periods.

MATERIALS AND METHODS

The study was conducted on 3-month-old female Wis-
tar rats with body weight 180-200 g. The animals were kept
in a certified vivarium of the Central Research Laboratory
of the Novosibirsk State Medical University of the Minis-
try of Health of Russia at an air temperature of 20-22 °C
on a standard dietary intake and with free access to water.
Experiments were performed in accordance with the re-
quirements of Directive 2010/63/EU of the European Par-
liament and of the Council of the European Union govern-
ing the protection of animals used for scientific purposes
and the rules of good laboratory practice. The study was
approved by the Ethical Committee of the Research Insti-
tute of Clinical and Experimental Lymphology — branch
of the Federal Research Centre of the Institute of Cytology
and Genetics of the Siberian Branch of the Russian Academy
of Sciences (Minutes No. 128 dated March 15, 2017). Sex-
ual cycle phases were determined using the vaginal swab
method [15]. Rats in the diestrus phase of the sexual cycle
were exposed once to EH in accordance with the «Meth-
od of experimental modelling of general hyperthermia
in small laboratory animals» [16]. According to the method
of modelling general hyperthermia, animals were warmed
up in the tank of a standard TB-110 thermobath when
immersed in hot water up to the neck level. The thermo-
bath design provides for automatic maintenance of water
heating temperature and uniform mixing of its layers, that
allows to consider the temperature of the coolant as a con-
stant value in the experiment. The advantage of model-
ling general hyperthermia in an aqueous environment
over an air environment is that uniform, deep and rapid
heating of the animal body is achieved. The heating tem-
perature regime of hot water — warm carrier was selected
experimentally and equalled 45 °C. The time of warming
up of each individual to the level of rectal temperature
of 43.5 °C (heat shock stage) was no more than 17 minutes
and was individual. No deaths of rats from hyperthermia
have been reported.

Three groups were formed: 1% (control) - rats with-
out EH exposure, which were subcutaneously injected
with 0.2 ml of physiological solution (PS); 2" (EH + PS) — an-
imals exposed to EH and received 0.2 ml of PS; 3" (EH + MT)
- animals exposed to EH and received MT. MT (ICN Bio-
medicals Inc, USA) was administered subcutaneously
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at a dose of 0.1 mg in 0.2 ml of PS. The first MT injection
was administered on the day of EH, then - in the following
2 days (in the evening, after sunset, once a day). Animals
were removed from the experiment under ether anaesthe-
sia 3 (acute period), 7 and 14 days (recovery period) after
exposure to EH and MT, that corresponded to the ideas
of phasicity in the course of the posthyperthermic period.
There were 5 individuals from each group for each point
of withdrawal from the experiment.

Ovaries were fixed in 10 % neutral formalin solution,
then dehydrated in a series of alcohols of increasing con-
centration and encapsulated in paraffin. Immunohisto-
chemical study of Bcl-2 and Bad protein expression was
performed on 3 um thick paraffin sections of ovaries by indi-
rect two-step streptavidin-biotin method using Novostain
500 kit (NCL-RTU-D, Novocastra, UK), mouse monoclonal
antibodies to anti-apoptotic protein Bcl-2 (IgG, No. 610538;
BD Biosciences, USA) and to the proapoptotic protein Bad
(IgG, No. 610392; BD Biosciences, USA). In the last step,
immunohistochemical staining was performed in a chro-
mogenic substrate containing diaminobenzidine. Sections
were examined and microphotographs were obtained us-
ing an Axiolmager M2 motorised microscope (Carl Zeiss,
Germany) with an AxioCam HRc camera (Carl Zeiss, Ger-
many) at a final magnification of 630x. Quantitative assess-
ment over the relative areas of stained sections was per-
formed using the computer programme Axio Vision 4.7.1
(Carl Zeiss, Germany) and an automatic measurement unit
(NEXIV AutoMeasure; Nikon, Japan). Bcl-2/Bad area ratios
were calculated.

Statistical processing of the obtained data was per-
formed in Statistica 6.1 program (StatSoft Inc.; serial num-
ber AXXR101E832903FA). As a baseline for each marker,
the differences in mean visual field within a group were
compared. Each sample included up to 50 fields of view
per group for each marker. The samples corresponded
to a normal distribution. The values of arithmetic mean
and standard error of the mean were calculated. Statisti-
cal significance of the differences between the compared
values was determined using the parametric Student’s
criterion. The differences were considered statistically
significant at p < 0.05. Median, first and third quartile val-
ues were determined for the Bcl-2/Bad ratio. Statistical
significance of the differences between the compared
values was evaluated using the nonparametric Mann -
Whitney U-criterion. Differences were considered statis-
tically significant at p < 0,05.

RESULTS

In corpus luteum cells on the 3™ day of the experi-
ment, when both placebo and MT were administered af-
ter EH, the expression areas of anti-apoptotic protein Bcl-2
and pro-apoptotic protein Bad increased synchronously
(Fig. 2). Along with this, there was an increase in the in-
tensity of luteocyte staining for both proteins (Fig. 1). Con-
sequently, in animals of both groups, the Bcl-2/Bad ratio
remained at the control level (Fig. 3). This is an evidence
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that the intensity of apoptosis in ovarian luteal cells during
the acute period after EH remains within the physiological
values, and at this stage MT has no statistically significant
effect on the development of cell death.

One week after EH and PS administration, the areas
of Bcl-2 and Bad expression in luteocytes and the Bcl-2/
Bad ratio were persisted at 3 days (Fig. 2, 3). MT administra-
tion after hyperthermia contributed to a decrease in stain-
ing intensity (Fig. 1, 2) and decreased values for both pro-
teins compared to all groups (Fig. 2). The expression area
of the pro-apoptotic protein Bad, however, decreased more

significantly than that of the anti-apoptotic protein Bcl-2
(Fig. 2). In consequence, the Bcl-2/Bad ratio was statistical-
ly significantly increased at this recovery period compared
to all groups (Fig. 3). This is an evidence of earlier establish-
ment of anti-apoptotic defence blocking the development
of the intrinsic pathway of apoptosis of ovarian luteal cells
already on the 7" day after hyperthermia and MT adminis-
tration compared to animals without MT treatment.

On the 14™ day of the experiment in rats receiving
PS after EH, the area of Bcl-2 expression in ovarian luteal
cells decreased, more significantly than for Bad (Fig. 2).

Bcl-2

Bad

Control

EH+PS
(3 day)

EH + MT
(3 day)

FIG. 1.

Microphotographs of rat ovarian corpora lutea on the 3 day after exposure to experimental hyperthermia (EH) and administration
of physiological saline (PS) or melatonin (MT). Imnmunohistochemical staining by indirect streptavidin-biotin method for anti-apoptotic
protein Bcl-2 and pro-apoptotic protein Bad in corpus luteum cells; magnification x 400
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Bcl-2 Bad
EH + PS
(7t day)
EH + MT
(7t day)
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Bcl-2 expression areas in corpus luteum Bad expression areas in corpus luteum
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FIG. 2.

a - microphotographs of rat ovarian corpora lutea on the 7" day after exposure to EH+PS and EH+MT; immunohistochemical staining
by indirect streptavidin-biotin method for Bcl-2 and Bad in the cells of corpora lutea; magnification x 400. 6 — graphs of the expression areas

of the studied proteins in different terms of the experiment (p < 0.05): * - compared to control; # — compared to 3 day; ® - compared to 7*
day; A - intergroup comparison of the same term
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FIG. 3.

Ratio of Bcl-2/Bad expression areas at different experimental
time intervals (p < 0.05): * — compared to control; # - compared
to 3" day; @ - compared to 7" day; A - intergroup comparison
of the same time period

As a result, the Bcl-2/Bad area ratio decreased almost
2-fold compared to the control (Fig. 3). It evidences
the activation of the «mitochondrial branch» of pro-
grammed cell death of luteocytes at this stage of the re-
covery period. MT administration to hyperthermia-treat-
ed animals promoted a decrease in staining intensity
(Fig. 4) and a more pronounced decrease in Bad com-
pared to the decrease in Bcl-2, leading to the restoration
of the Bcl-2/Bad index to control levels (Fig. 2, 3). The ob-
tained results indicate the cytoprotective effect of MT
administration to animals after hyperthermia, which
as early as on the 14t day of the recovery period ensures
the development of mitochondrial pathway of luteocyte
apoptosis within the physiological norm.

DISCUSSION

Heat stress is a known promoter of the reactive oxy-
gen species (ROS) formation that can jeopardise pregnan-
cy and fetal development. Overheating / thermal stress
has deleterious effects against oocyte development po-
tential in pigs, mice, and cattle, including adverse effects

Bcl-2

Bad

EH +PS
(14 day)

EH + MT
(14 day)

FIG. 4.

Microphotographs of rat ovarian corpora lutea on the 14" day after exposure to EH+PS and EH+MT. Immunohistochemical staining by indi-
rect streptavidin-biotin method for Bcl-2 and Bad in ovarian luteocytes; magnification x 400
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against survivability, maturation rate, and meiotic com-
petence of oocytes, the formation of F-actin and a-tu-
bulin in them, and oocyte expression of the NRF2, CDKT1,
and GDF9 genes [17].

MT is a pleiotropic molecule that regulates var-
ious processes including pregnancy. MT usage un-
der heat stress in pigs improves the quality and rate
of oocyte maturation (partly by restoring the distribution
of F-actin) [17], and has a positive effect on the duration
of the estrous period and embryo survival [18]. The use
of MT reduces ROS production in maturing cattle oocytes
and increases the ability to develop embryos from heat
shocked oocytes [17]. MT administration throughout
pregnancy in heat stressed sheep improves their redox
status and leads to an increase in the average number
of offspring, lamb weight, and milk production [19]. Un-
der heat stress, this hormone was observed to suppress
p53 expression and increase luteinising hormone level
and Bcl-2 gene expression in sheep granulosa cells [20].

Our studies revealed that the effect of high external
temperature led to a change in the ratio of apoptosis
regulator proteins (predominance of pro-apoptotic pro-
tein Bad over anti-apoptotic protein Bcl-2) in ovarian lu-
teal 2 weeks after EH. Of significance, the expression area
of the anti-apoptotic protein Bcl-2 decreased significantly
more than the expression area of the pro-apoptotic protein
Bad, resulting in a 2-fold decrease in the Bcl-2/Bad ratio
index compared to control. It evidenced the insufficiency
of anti-apoptotic protection and activation of the «mito-
chondrial branch» of luteocyte apoptosis. Exposure to hy-
perthermia promotes to the occurrence of state of oxida-
tive stress. The damaging effects of such exposures lead
to mitochondrial dysfunction and excessive accumulation
of ROS in them, that promotes cell apoptosis in various ova-
ry compartments. In consequence, due to its antioxidant
and anti-apoptotic effects, MT can significantly reduce ox-
idative stress and restrain apoptosis [20-22]. At the same
time, the ratio of active forms of pro-apoptotic (Bax, Bad)
and anti-apoptotic (Bcl-2, Bcl-xL) proteins will determine
the choice between the implementation of the cell sur-
vival or cell death programme [3]. Specifically, Bcl-2 can
prevent translocation of apoptosis inducers Bax and Bad
by oligomerising with these proteins and thereby block
the release of these molecules from mitochondria, that
in turn will restrain apoptosis. Bcl-2 has been found to bind
more strongly to Bad than to Bax [2].

MT has been demonstrated to significantly inhibit
apoptosis of thecal cells in sheep reducing the expres-
sion of the pro-apoptotic protein Bax and increasing
the expression of the anti-apoptotic protein Bcl-2, that
has implications for delaying ovarian atresia and aging
[23]. MT has been found to inhibit the mitochondrial
apoptosis pathway of granulosa cells in ovaries of cyclo-
phosphamide chemotherapy-treated mice - reducing
the increased expression levels of cleaved caspase 3, Bax,
cytoplasmic Cyt-c and increasing the decreased Bcl-2 ex-
pression in ovaries [24]. MT can protect mouse ovaries
from premature deficiency caused by trypterygium gly-
cosides by reducing apoptotic damage - the hormone
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reduces caspase 3, Bax expression and increases Bcl-2
expression [25].

As a consequence of the present study, we found
that MT administration to rats after hyperthermia shifts
the ratio of Bcl-2/Bad expression areas in ovarian corpora
lutea towards an increase in anti-apoptotic Bcl-2 as ear-
ly as on the 7 day of the recovery period, in contrast
to animals not treated with this hormone, which contrib-
utes to the normalisation of Bcl-2/Bad to physiological
levels (as early as on the 14th day). In an earlier study,
we also revealed that MT could inhibit the mitochondrial
apoptosis pathway in rat ovarian follicles as early as day
7 post-hyperthermia [5].

MT, by reducing oxidative stress and apoptotic dam-
age, protects corpus luteum cells in the ovaries. The hor-
mone restores the number of corpora lutea and follicle
density in mice and rats reduced by toxic effects [25, 26],
and improves luteinising hormone levels, corpus luteum
function and survival of sheep and goat embryos [19].
MT protects the corpus luteum from ROS and plays a key
role in sustaining its function in women [19]. Treatment
with this hormone of infertile women with luteal phase
defect increases intrafollicular MT concentration, reduces
intrafollicular oxidative damage, improves progesterone
production by the corpus luteum and increases fertilisa-
tion and pregnancy levels [27].

MT and its MT1 receptor play an important role
in luteinization. Melatonin/MT1 signalling was revealed
to markedly improve the expression of corpus luteum
marker genes. High-throughput sequencing results re-
vealed that interaction with the extracellular matrix re-
ceptor, focal adhesion and activation of the PI3K/Akt
pathway, which are involved in luteinisation of granulosa
cells, can mediate the effects of melatonin/MT1 signalling
[28]. MT increases progesterone production in the corpus
luteum of gestating sows and increases the expression
of both P450scc and StAR, resulting in increased luteal
cell viability. Epiphyseal hormone exerts its regulatory
role in luteocyte function through signalling pathways
mediated by the MT1 and MT2 melatonin receptors,
the presence of which has been confirmed in corpus lu-
teum cells [10, 12].

MT-mediated signalling mechanisms through re-
ceptors for this hormone are very complex and vary de-
pending on the type and kind of ovary cells. They mainly
include the cyclic adenosine monophosphate/protein
kinase A (cAMP/PKA) pathway, the extracellular sig-
nal-regulated kinase/mitogen-activated protein kinase
(ERK/MAPK) pathway, the phosphatidylinositol-3-kinase/
apoptosis signal-regulated kinase (PI3K/AKT) pathway,
and the calcium-regulated pathway [23, 29]. More spe-
cifically, MT activates the PI3K/Akt pathway, mediating
progesterone synthesis and secretion by thecal cells.
In addition to its antioxidant properties, MT can activate
the SIRT1/PGC-1a pathway, which promotes mitochon-
drial biogenesis disrupted by environmental toxins [20].

Counteraction to oxidative stress and reprogramming
of impaired metabolism in cells is provided by MT syn-
thesised in mitochondria, where its distribution is much



higher than in other subcellular organelles and has no
circadian rhythm. MT has been confirmed to be released
from mitochondria and then controls cytochrome c re-
lease via the MT1 receptor on the membrane, i.e. provides
automitocrine regulation. MT is present in mitochon-
drial membranes and is transported into mitochondria
by the membrane-bound oligopeptide transporters PEPT1
and PEPT2. The high concentrations of MT and its multiple
antioxidant actions provide a powerful defence for these
organelles exposed to free radicals. Within mitochondria,
MT acts as a direct scavenger of free radicals and associated
non-radical products and stimulates antioxidant enzymes
including superoxide dismutase 2, catalase and glutathi-
one reductase, while inhibiting pro-oxidant enzymes. MT,
by regulating lipoxygenase activity, protects cells from hy-
droperoxidation of polyunsaturated fatty acids. It modu-
lates endoplasmic reticulum responses to stress, sirtuin ac-
tivity, mitophagy and autophagy processes. MT by direct
capture of ROS in mitochondria, activation of antioxidant
defence and preservation of membrane integrity plays
a crucial role in maintaining normal mitochondrial func-
tions and energy metabolism in cells [9]. In summary, mel-
atonin exposure under conditions of hyperthermia leads
to a decrease in apoptotic death of corpus luteum cells
and, as a consequence, to a reduction in the damaging
effect of overheating on the morphological organisation
of the organ.

CONCLUSION

MT administration after EH shifts the Bcl-2/Bad expres-
sion area ratio towards an increase in the anti-apoptotic
Bcl-2 protein as the 7" day of the recovery period. Admin-
istration of this hormone after hyperthermia promotes
earlier normalisation of Bcl-2/Bad to physiological level -
already on the 14" day after EH and MT exposure.
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ABSTRACT

Background. The presence of increased manganese concentrations in soils and water
intakes areas for drinking and household purposes in a number of the Russian Federa-
tion subjects indicates the chronic influence of this metal on all segments of the popula-
tion. This situation is aggravated by violation of the optimal nutrition principles, which
leads to changes in the organism absorption of micronutrients. In this regard, the study
of the elemental status of an organism against the background of manganese expo-
sure is of particular importance.

The aim of the study. To study the effects of subchronic exposure to manganese
on the mineral status of Wistar rats.

Materials and methods. To conduct the study, 20 mature rats were selected,
from which two groups were formed - control (n = 10) and experimental (n = 10). Ani-
mals in the control group received a general diet, animals in the experimental group re-
ceived a diet with additional administration of manganese sulfate at a dose of 1433 mg/
kg for 28 days. At the end of the preparatory period, blood and brain samples were tak-
en to determine the content of chemical elements using inductively coupled plasma
mass spectrometry and of metal-ligand manganese forms using high-performance
liquid chromatography combined with inductively coupled plasma mass spectrometry.
Results. It has been established that subchronic oral exposure to manganese leads
to an increase in the content of this microelement in the blood serum and to a decrease
in the levels of calcium, potassium, magnesium, iron and copper. In the cerebral cortex,
the level of manganese, lead, mercury and strontium increases against the background
of a decrease in iron and iodine levels. An increase in the gross content of manganese
in blood serum leads to an overload of the main high-molecular carriers and initiates
the formation of low-molecular forms of manganese.

Conclusion. Subchronic oral exposure to manganese leads to the accumulation
of this microelement in the body of animals and to the development of an imbalance
of a number of macro- and microelements.

Key words: mineral metabolism, manganese, microelements, analysis of the content
of chemical forms of elements, toxicity
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PE3IOME

O6ocHoeaHue. Hanu4ue nosblueHHbIX KOHUeHmpayuli MapeaHuyd 8 Nno48ax, Ha 8000-
3a6opax NUMbeso2o U x03aUCcMaeHHO-0bIM0o8020 HAa3HA4YeHUs 8 psde cy6vekmos Poc-
cutickou ®edepayuu caudemesnibcmeayem o XpOHUYECKOM 8/1UAHUU OaHHO20 Memasiia
Ha 8ce c/iou HaceneHus. Ycyaybnsem 0aHHOe NOIoXeHUe HapyuleHue NpUHYUNo8 on-
MUMasnbHO20 NUMAHUA, YMO NPUBOOUM K U3MEHeHUI0 yCB80eHUSA MUKPOHYMpUEeHMOo8
op2aHu3Mom. B ceazu c samum ocoboe 3Ha4deHuUe npuobpemaem usyyeHue 37emMeHMHo-
20 cmamyca op2aHu3ma Ha hoHe 8030elicmeausa Map2aHyd.

Llens uccnedoesanus. V13yqume 3¢pghekmeol CybXpOHUHECKO20 8030elicmBUA MAP2aHUA
HA MUHepasabHbIld cmamyc kpeic auHuu Wistar.

Mamepuansl u Mmemooel. []51a nposedeHuUA Ucciedo8aHusa 6bl10 omobpaHo 20 no-
J10803peJsibiX KPbIC, U3 KOMOpbIX 6bLIU ChOPMUPOBAHBI 08€ 2pyNNbl — KOHMPOJIbHAA
(n = 10) u oneimHas (n = 10). XugsomHsle KOHMPOLHOU 2pynNNnbl NOSy4Yanu obwul
PAYUOH, XXUBOMHbIe ONbIMHOU 2pynnbl — pAUUOH C 00NOTHUMEsIbHbIM 88e0eHUeM
cynbhama mapeaHya 8 0ose 1433 me/ke 8 meyeHue 28 OHel. [1o OKOHYAHUU NOO-
20MoBUMesIbHO20 Nepuodd OCywecmsnanca 3abop Kposu U 20/108HO20 MO32d
071 onpedesieHUs COOePXKAHUA XUMUYECKUX 3/1eMeHmo8 MemoOOM MAacc-cnekmpo-
Mempuu ¢ UHOYKMUBHO C8A3AHHOU n1a3mol U Memasi-nuzaHoHblix hopM MApeaH-
ua memooom 8bICOKOIekmuesHOU XUOKOCMHOU Xxpomamozpaguu 8 coyemaHuu
¢ Macc-cnekmpomempueli ¢ UHOYKMUBHO-C853aHHOU nasmod.

Pe3ynemamel. YcmaHosneHo, Uumo cybxpoHuyveckoe nepopadsbHoe eo3delicmeue
MapeaHya npusooum K nosblueHUlo co0epXaHus 0aHHO20 MUKPO3JieMeHma 8 Cbi-
B0pOMKe KPOBU, CHUXEHUIO YPOBHS KasbUus, Kasus, MdzHUs, Xene3a u Meou. B kope
20J/108HO20 MO32d NOBbLILIAEMCSA YpOBeHb MAap2dHUd, C8UHUA, pmymu U CMpPOHYUsA
Ha ¢hoHe CHUXeHUA Xese3a u iood. [TosvbilueHue 84108020 COOEPXAHUA Map2aHyd
8 CbIBOPOMKE KPOBU NpUBOOUM K nepezpy3ke OCHOBHbIX 8bICOKOMOJIEKYIAPHbIX HOCU-
mesnel U UHUYUUPYem 06pa308aHue HUSKOMOJIeKY/TAPHbIX (hopM MApeaHyd.
3aknryeHue. CybxpoHU4YecKkoe nepopasabHoe 8o3delicmaue Map2aHya npugooum
K KyMynayuu OdHHO20 MUKpPO3/leMeHmd 8 Op2dHU3Me XUBOMHbIX U pd3sumuio
oucbanaHca psoa Makpo- u MUKpo3/1eMeHmos.

Knioueenle cnoea: muHepanbHoili 06MeH, MapeaHel, MUKpO3eMeHmsl, dHaau3
COOePXKAHUA XUMUYECKUX (hOPM 3/1eMEHMO8, MOKCUYHOCMb

Ona untupoBaHmsA: KaszakoBa T.B., MapwuHckas O.B., Hotosa C.B. Bnusnwue cy6xpo-
HUYECKOro BO3AENCTBUS MapraHua Ha MUHepasnbHbli 06MeH Kpbic nuHumn Wistar. Acta
biomedica scientifica. 2024; 9(1): 214-221. doi: 10.29413/ABS.2024-9.1.21

215

Experimental researches



INTRODUCTION

The vital activity of humans and animals has been sub-
stantiated to be closely related to the chemical composi-
tion of the environment and the content of various mac-
ro- and microelements, which take part in the formation
of a number of adaptive mechanisms of the organism, in-
cluding the functioning of vital systems, such as nervous, re-
spiratory, cardiovascular, immune, digestive, endocrine [1].

One of the essential chemical elements associated
with the geochemical parameters of the area is man-
ganese. On the one hand, this metal is a vital trace ele-
ment that controls a number of physiological processes
in human and animal organisms [2]. Manganese is known
to be involved in the regulation of carbohydrate, protein
and lipid metabolism, protection of cells from oxida-
tive stress, synthesis of neurotransmitters, and ensuring
full reproductive function [3-5]. At the same time, at in-
creased exogenous intake, manganese can have a nega-
tive effect on the functional state of the organism [6, 7].
This was first observed among miners, welders, smelters
and other workers who were exposed to inhalation ex-
posure to manganese as a result of the use of this met-
al in production cycles [8, 9]. However, it should be rec-
ognised that health risks are not limited to occupational
exposures alone. The presence of manganese elevated
concentrations in soils and water in a number of constitu-
ent entities of the Russian Federation indicates its chronic
influence on the whole population [10]. This is especial-
ly true for the part of the population that lives near in-
dustrial areas and roads [11]. This situation is aggravated
by the violation of the principles of optimal nutrition,
which leads to changes in the absorption of chemical
micronutrients by the body [12]. Consequently, it is food
and drinking water that are the main intermediate link
in the intake of manganese into the human and ani-
mal organism from the environment, largely determin-
ing the state of mineral metabolism [13]. Considering
the above, the importance of studying the metabolism
of macro- and microelements against the background
of chronic exposure to manganese increases.

THE AIM OF THE STUDY

To evaluate the state of mineral metabolism of Wis-
tar rats against the background of subchronic exposure
to manganese.

MATERIALS AND METHODS

The experimental study was performed in full com-
pliance with the ethical standards prescribed in the World
Medical Association Declaration of Helsinki (1964, re-
vised 2013). The design of the experiment was approved
by the local ethical committee of the Federal Research
Centre of Biological Systems and Agrotechnologies
of the Russian Academy of Sciences (Orenburg). The study

was performed using 20 sexually mature female Wistar
rats. The age of the animals was 3 months at the time
the experiment commenced. All animals received a basic
diet (BD) in the form of a loose compound feed and were
kept in plastic cages with sawdust bedding under condi-
tions of artificial light (12-hour daylight hours) and supply
and exhaust ventilation. The duration of the experiment
was 4 weeks (28 days).

The animals were divided into two groups. Rats
from the control group (n = 10) received the basic diet, ani-
mals of the experimental group (n=10) - BD supplemented
with pentahydrate manganese sulphate (MnSO, x 5H,0)
at a dose of 1433 mg/kg. This salt is produced by JSC «Vek-
ton» (St. Petersburg) with certified purity not less than
98 %, is a crystalline powder of white to pale pink colour
(TS (technical specifications) 6-09-01-218-84). Dose se-
lection of MnSO, x 5H,0 was based both on the GESTIS
Substance Database and the European Chemicals Agency
(ECHA) information systems.

After 28 days, the animals were removed from the ex-
periment for the collection of biomaterials (blood, cerebral
cortex) to evaluate the effect of manganese over mineral
metabolism.

Blood was sampled from the cardiac artery into 6 ml
VACUETTE vacuum tubes with clotting activator and gel
(Greiner Bio-One International AG, Austria). Centrifugation
of tubes for 10 minutes at 1000 g using ELMI CM-6M centri-
fuge (Latvia) was performed to obtain serum. The separat-
ed serum was stored at a temperature of -70 °C in Eppen-
dorf-type test tubes. Immediately after rapid extraction
of the brain, a tissue slice was performed from the surface
of the hemisphere with a thickness of about 1-1.5 mm.
Samples were weighed and stored at -20 °C until analyzed.

The content of macro- and microelements in blood
serum and cerebral cortex samples was analysed using
a NexION 300D mass spectrometer (PerkinElmer Inc., USA)
by inductively coupled plasma mass spectrometry (ICP-
MS). Determination of individual chemical forms of manga-
nese in blood serum was performed using a NexION 300D
mass spectrometer (PerkinElmer Inc., USA) in combination
with a PerkinElmer Series 200 liquid chromatograph (Perki-
nElmer Inc., USA) by high-performance liquid chromatog-
raphy with inductively coupled plasma mass spectrome-
try (HPLC-ICP-MS). This stage of the study was conducted
in the certified laboratory of Micronutrients LLC (Moscow;
licence registration number L041-01137-77/00370156).

The data obtained were processed by variation
statistics methods using Statistica 10 statistical pack-
age (StatSoft Inc,, USA). A hypothesis that the data be-
long to the normal distribution was rejected in all cas-
es with a probability of 95 %, which justified the use
of non-parametric procedures for processing statistical
populations (Mann — Whitney U-criterion). The findings
are presented as median (Me) and 25" and 75™ percentiles
Q,-Q,). The relationships between the parameters were
evaluated using Spearman’s Rank Correlation Coefficient.
A correlation coefficient (r) was calculated to determine
the closeness of the relationship between the studied fea-
tures. Correlation coefficients were evaluated as follows:
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less than 0.3 — weak relationship; 0.3 to 0.5 - moderate;
0.5 to 0.7 - significant; 0.7 to 0.9 - strong; more than 0.9
- very strong [14].

RESULTS

The results of the study revealed that subchronic oral
exposure to manganese did not lead to changes in the ex-
ternal signs of the animals and their activity level. However,
a comparative analysis of the macro- and microelements
content in blood serum revealed that in the experimental
group by the end of the experiment the level of manga-
nese statistically significantly exceeded the control val-
ues by 70 %; a tendency to increase the content of iodine
and selenium was also observed. Against this background,

it was revealed that the serum level of potassium was sta-
tistically significantly lower than in the control by 25 %,
copper by 24 %, magnesium by 19 %, iron by 10 %, calci-
um by 8 %; there was a tendency to decrease phosphorus
and zinc (Fig. 1).

Increased sensitivity to toxic factors of phylo- and on-
togenetically younger and higher located parts of the brain
compared to older and lower located parts is a general
pattern for the central nervous system, in this connection
we also analysed the elemental composition of the cere-
bral cortex [15] (Fig. 2).

It was revealed that in the grey matter of animals
from the experimental group the content of a num-
ber of heavy metals was statistically significantly higher
than the control values: the level of manganese exceed-
ed the control by 19 %, strontium — by 57 %, mercury
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FIG. 1.

Relative values of chemical elements content in blood serum of animals from the experimental group (%): X axis (0) - level of elements
in the control group; * - statistically significant difference between the experimental group and control at p < 0.05; ** - statistically
significant difference between the experimental group and control at p < 0.01
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FIG. 2.

Relative values of chemical elements content in the cerebral cortex of animals from the experimental group (%): X axis (0) — level of ele-
ments in the control group; * - statistically significant difference between the experimental group and control at p < 0.05; ** - statistically
significant difference between the experimental group and control atp < 0.01
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- by 82 %, lead - by 147 %. In contrast, iron and iodine
levels were statistically significantly lower than the control,
by 31 % and 60 %, respectively.

From a diagnostic point of view, it is of particular in-
terest to identify possible relationships between serum
and cortical chemical elements, as the latter do not have
equivalent in vivo measurements. Correlation matrix anal-
ysis showed that serum magnesium level was statistically
significantly positively associated with cortical magnesium
(r=0.3), while serum copper level was positively correlated
with brain copper (r = 0.3).

Manganese is known to be a rather active chemical
element, as a result of which in the body it is stabilised
in complex with various biological ligands. We have
therefore analysed the chemical forms of this metal (spe-
ciation analysis). It was revealed that serum manganese
of Wistar rats is mainly associated with high molecular
weight compounds - such fractions as transferrin/albu-
min (Mn-Tf/Alb), in smaller amounts - with a-2-macro-
globulin fraction (Mn-A2M); with low molecular weight
compounds (Mn-LMM), and is also represented by free
inorganic form (Mn-free) (Fig. 3).

It was revealed that the main amount of manga-
nese in the experimental group of animals was present-
ed in the form of Mn-free fraction (6.6 pg/l), exceeding
the control values by 1.8 times. Among the organic forms,
it was observed that the concentrations of Mn-LMM
and Mn-Tf/Alb were statistically significantly higher than
the control, by a factor of 4 and 1.9, respectively. A ten-
dency to decrease the content of the Mn-A2M fraction was
observed against this background.

The results of the analysis concerning the percentage
distribution of Mn by fractions against the background
of its different content in the blood serum of animals are
presented in Figure 4 for illustrative purposes.

According to correlation analysis, it was revealed
that serum gross manganese content was statistically

significantly positively associated with such fractions
as Mn-free (r = 0.89), Mn-Tf/Alb (r = 0.81) and Mn-LMM
(r = 0.63); a negative correlation with Mn-A2 (r = -0.6)
was observed (Fig. 5).

The scatter graph illustrates the fact that the higher
was the level of total manganese in serum among the an-
imals of the experimental group, the higher was the con-
centration of Mn-free, Mn-LMM and Mn-Tf/Alb fractions
and the lower became the concentration of Mn-A2 frac-
tion. The graph also clearly illustrates that an increase
in the total manganese concentration in rat serum (above
12 pg/L) leads to overloading of the major high molecular
weight carriers and initiates even greater formation of low
molecular weight forms of Mn.

DISCUSSION

Interest in research aimed at studying manganese
metabolism in humans and animals, as well as possible
adverse effects of manganese exposure, has increased
significantly over the last decade. Much attention to this
problem is caused by a number of objective reasons,
among which the deterioration of the environmental sit-
uation takes the main place [16].

The conducted experimental study has revealed that
subchronic oral exposure to manganese can lead to dis-
turbance of the balance over chemical elements in the or-
ganism of animals.

Thedecreaseinthelevels of magnesium,iron and cop-
perinblood serum revealedin the course of the analysis is as-
sociated with excessive intake of manganese, a functional
antagonist of these metals, into the organism of laboratory
animals. The absorption of these elements in the gastroin-
testinal tract is accomplished by common transport systems
and, therefore, the nutritional status of manganese can in-
fluence the kinetics of these chemical elements [17, 18].
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Content of manganese fractions in serum of animals (ug/l): data are presented according to median values; * - statistically significant
difference between experimental group and control at p < 0.05; ** — statistically significant difference between experimental group
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Correlation between the total concentration of manganese and its
separate fractions in blood serum of animals from the experimen-
tal group (n=10), ug/L

The observed tendency to increase iodine content may
be associated with the blocking effect of manganese ions
on iodine uptake by the thyroid gland [19]. Selenium com-
pounds are well known to have an antitoxic effect in poi-
soning with salts of many heavy metals. The main blood
selenoprotein SeP has a high affinity for heavy metals,
as a result of which it is able to form complexes with met-
als and transport them [20, 21]. Specifically, a study by Chi-
nese scientists revealed that mercury exposure affects
the concentration of selenium and the distribution
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of selenoproteins in serum in a dose-dependent manner
[22]. This may explain the trend towards higher selenium
levels revealed in our study.

The obtained results clearly revealed that chronic ex-
posure to manganese alters iron homeostasis in the sys-
temic circulation, reducing its content in blood serum,
as well as in the brain, which is consistent with the stud-
ies of foreign scientists [23]. Chemically, this is justified
by the fact that manganese and iron are located next
to each other in the periodic table, allowing them to com-
pete for binding to transport proteins [24]. Generally,
in iron-deficient brain regions, an increased accumulation
of manganese occurs, leading to the activation of oxi-
dative stress [25]. Manganese-induced oxidative stress
appears likely to cause an increase in the permeability
of the blood-brain barrier leading to an increased influx
of heavy metals such as lead, mercury and strontium [26].

The development of analytical chemistry techniques
has led to the realisation that the total concentration
of chemical elements cannot provide complete informa-
tion as regards their metabolism, bioavailability and possi-
ble toxic effects over living organisms. Only by knowledge
of the chemical form of an element can provide informa-
tion about potential chemical and biochemical processes
and thus lead to a greater understanding of the toxicity
or essentiality of the element [27, 28]. The obtained re-
sults of chemical element compound analysis (speciation
analysis) clearly demonstrate that prolonged exposure
to subchronic doses of manganese can lead to a shift of its
metal-ligand forms towards low molecular weight com-
pounds, as well as the inorganic fraction, which may be
associated with overloading of other transport molecules.
Mn-LMMs are assumed to be the ones capable of cross-
ing the blood-brain barrier and accumulating in the brain,
causing neurotoxic effects [29]. A perfusion study con-
ducted by American scientists revealed that a higher
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inflow coefficient from blood to the brain is characteristic
of Mn-LMM (3-fold higher) compared to Mn-free and Mn-
Tf complexes [30].

CONCLUSION

The obtained results of the study allow us to conclude
that subchronic oral exposure to manganese leads to its
cumulation in the organism of animals and development
of imbalance of a number of macro- and microelements.
Such abnormalities can potentiate the development
of functional disorders of the body systems. The excessive
intake of manganese was revealed to contribute to a sta-
tistically significant increase in the content of this heavy
metal in blood serum against the background of a statis-
tically significant decrease in the level of calcium, potassi-
um, magnesium, iron and copper. Simultaneously, the lev-
el of manganese, lead, mercury and strontium statistically
significantly increased in the cerebral cortex; iron and io-
dine decreased.

The revealed correlations between the content
of chemical elements in blood serum and cerebral cor-
tex indicate that changes in serum levels of magnesium
and copper may serve as a prognostic sign of disturbance
of their homeostasis in the brain.

Redistribution of this metal to its metal-ligand
forms occurs against the background of an increase
in the gross content of manganese in blood serum.
At manganese concentrations in rat serum above 12 pg/L,
there is a shift of manganese fraction levels towards low
molecular weight LMM compounds, which may be as-
sociated with an overload of other transport molecules
and may be a new tool for prenosological diagnosis.
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ABSTRACT

Background. It is known that the protective effect of adaptation and conditioning in-
fluence is weakened in animals with metabolic syndrome. Metabolic syndrome may be
the basis for the failure of cardioprotection in clinical settings.

The aim of the study. To identify the relationship between disorder in carbohydrate
and lipid metabolism and a decrease in the effectiveness of the infarct-limiting effect
of moderate chronic normobaric hypoxia; to check the possibility of correcting reduced
cardioprotection by normalizing carbohydrate and lipid metabolism.

Materials and methods. The study included 64 Wistar rats. Metabolic syndrome was
induced by feeding animals a high-carbohydrate, high-fat diet for 84 days. Chronic nor-
mobaric hypoxia was carried out for 21 days in the following mode: 12 % O, : 0.3 % CO,,
Metformin at a dose of 200 mg/kg/day or PPARa agonist WY 14643 at a dose
of 1 mg/kg/day were added to the drinking water of rats with metabolic syndrome
during adaptation period to hypoxia. A 45-minute coronary occlusion and 120-min-
ute reperfusion were performed, and the infarct size was determined. Indicators of lip-
id and carbohydrate metabolism, leptin, and adiponectin were studied in the blood
serum.

Results. The infarct-limiting effect of chronic normobaric hypoxia was weakened in an-
imals with metabolic syndrome. Infarct size showed a direct correlation with decreased
glucose tolerance and serum triglyceride levels. Using metformin therapy did not lead
to the restoration of the infarct-limiting effect of chronic normobaric hypoxia, while
the normalization of lipid metabolism with the use of the PPARa agonist WY 14643 cor-
rected the impairment of adaptive cardioprotection in rats with metabolic syndrome.
Conclusion. The lack of cardioprotection at chronic normobaric hypoxia in rats
with metabolic syndrome is associated with impaired carbohydrate and lipid metab-
olism. The PPARa agonist restores impaired lipid metabolism and adaptive cardio-
protection.

Key words: myocardium, infarction, adaptation to hypoxia, metabolic syndrome,
metformin, PPARa
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PE3IOME

O6ocHoBaHue. Vi3gecmHo, Ymo npomekmopHoe delicmgue adanMayuoOHHbIX
U KOHOUYUOHUpyWuUx 8030elicmauli 0c1abieHo y XU8OMHbIX ¢ Memabosuyde-
ckum cuHopomom (MemC). MemC moxem niexxams 8 0CHoge HeaghgpekmusHocMu
Kapouonpomekyuu 8 KIIUHUYeCKUX yC/108USAX.

Llenv uccnedosaHus. Boiasume 83aumoceass mexoy HapyuweHuem y2i1e800H020
U IUNUOHO20 06MEHA U CHUXeHUeM 3hghekmuBHOCMU UHGAPKM-TUMUMUupyouje2o
8/1UAHUSA yMepeHHOU xpoHuyeckol Hopmobapuydeckol eunokcuu (XHF); nposepume
B03MOXHOCMb KOPPEeKYUU CHUXeHHOU KapouonpomeKyuu nymém HopManusayuu
y2/1e800H020 U JIUNUOHO20 06MEHO8.

Memooel. B uccnedosaHue skodeHo 64 Kpoicsl nuHuuU Wistar. MemC gei3biganu
KOpMJIeHUeM XXUBOMHbIX 8bICOKOY2/1e800HOU 8bICOKOXUPOBOU Ouemoli 8 meyeHue
84 drell. XHI nposodusiu 8 meyeHue 21 0HA 6 pexume: 12 % O, : 0,3 % CO,. B numeoe-
syt 800y Kkpbicam ¢ MemC dobasnsnu memgpopmuH 8 dose 200 me/ke/ cym. unu
azoHucm PPARa WY14643 8 0o3e 1 me/Ka/cym. 8 meyeHUe adanmayuu K 2unokcuu.
Mposodunu 45-MUHYMHYy KOPOHAPOOKKO3U U 120-MUHymHyr penepgysuro,
onpedensanu pamep UHpdpkma. B ceisopomke kposu ucciedosasnu nokasamesnu
JIUNUOHO20 U y271e800H020 0O6MEHO8, IeNMUH, dOUNOHEKMUH.

Pesynemamel. VIHhapkm-numumupyrowul 3¢ppekm XHI okasanca ocnabneH
y x)ugomHeix ¢ MemC. Pazmep uH(papkma nokasan npamyto KoppenayuoHHY
83AUMOCBA3b CO CHUXEHUeM MOoJIepaHmMHOCMU K 2/10KO3€e U COOepXaHuem mpue-
Jluyepuoos 8 cblsopomke Kposu. [IpumeHeHue mepanuu Mem@OpPMUHOM He npu-
8€J10 K 80CCMAHOB/IeHUI0 UH(hapkm-numumupyrouwezo 3¢ppekma XHI, 8 mo epems
KAk Hopmanau3ayus unuoHo2o obmMeHa npu ucnosb3o08dHuUU azoHucma PPARa
WY14643 ckoppekmuposana HapyweHue adanmayuoHHolU Kapouonpomekyuu
npu memab6osu4eckom CUHOpOMe y KpbIC.

3aknioyeHue. Omcymcmaue kapouonpomekyuu npu XHIy kpeic c MemC ceAa3aHo
C HapyuleHueM y2/1e800H020 U TUNUOHO20 06mMeHo8. A2oHucm PPARa soccmaHas-
niugaem HapyweHHbIU TUNUOHbILU 06MeH U adanmayuoHHY Kapouonpomekyuro.

Knrouesoie cnoesa: Muokapo, UHpapkm, adanmayus K 2unokcuu, memabosiuye-
cKull cuHopom, memgopmuH, PPARa

Ona yutupoBaHua: HapoikHasa H.B., [depkaue U.A., Kyp6atos B.K., CupotmHa M.A,,
Kunun M., Macnos J1.H. BoccTaHOBNEeHVe HapyLIeHHOW MeTabonnyeckum CMHAPOMOM
apanTauMoHHONM KapAMonpoTekummn y Kpbic nyTém aktmeauum PPARa. Acta biomedica
scientifica. 2024; 9(1): 222-232. doi: 10.29413/ABS.2024-9.1.22
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INTRODUCTION

A number of strategies have been developed in recent
years to protect the myocardium against ischaemic reper-
fusion injury, such as remote postconditioning, adaptation
to chronic moderate hypoxia [1, 2]. However, translating
the results of experimental studies into the clinic is dif-
ficult since most patients have metabolic disorders [2].
The results of studies conducted in recent years have
shown that the metabolic syndrome (MetS), a symptom
complex that combines a number of clinical and labora-
tory indicators of the patient: obesity, arterial hyperten-
sion, dyslipidaemia, and carbohydrate metabolism dis-
orders, may underlie the ineffectiveness of adaptation
and conditioning in clinical settings [2]. Experimental
studies have revealed that a long-term high-fructose
diet results in a significant reduction, but not complete
prevention, of the beneficial inotropic effects of chronic
intermittent hypoxia in an ischaemia-reperfusion mod-
el of the isolated heart [3]. The infarct-limiting effect
of chronic normobaric hypoxia (CNH) is reduced in ani-
mals with diet-induced metabolic syndrome [4]. Mean-
while, it is revealed that the detected decrease in cardi-
oprotection is accompanied by impaired carbohydrate
and lipid metabolism [4]. It can be assumed that correc-
tion of carbohydrate or lipid metabolism disorders leads
to the restoration of CNH cardioprotection that has
been lost as a result of metabolic syndrome. Verification
of this hypothesis was the aim of the present study.

METHODS

Experiments were performed on 64 female Wis-
tar rats. The study was approved by the local ethical
committee (Protocol No. 201 dated June 30, 2020)
and was performed in accordance with the provision
of Regulation 2010/63/EU of the European Parliament
and of the Council of the European Union on the protec-
tion of animals used for scientific purposes.

The animals were randomly divided into six groups;
the initial weights of rats of all groups were equal
and were 203 + 5 g. Group 1 rats (n = 12) were kept
on a standard diet for laboratory animals with free ac-
cess to drinking water.

Group 2 rats were adapted to CNH for 21 days
in a chamber with a continuous supply of a gas mixture
consisting of 12 % 0,, 0.3 % CO,, 87.7% N, at normal
atmospheric pressure [5]. The gas environment was
monitored by TCOD-IR and OLC 20 sensors (Oldham
France S.A., France) and Bio-Nova-204G4R1 apparatus
(Bio-Nova STS (Scientific and Technical Society), Rus-
sia) via MX 32 control unit (Oldham France S.A., France).
Exposure to hypoxia was stopped 24 h before the start
of the experiment.

Group 3 rats (n = 12; diet-induced metabolic syn-
drome, MetS) were kept for 84 days on a high-car-
bohydrate, high-fat diet (HCHFD); drinking water
was replaced with a 20 % fructose solution. HCHFD
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composition: proteins — 16 %, fats — 21 %, carbohy-
drates — 46 % (including 17 % - fructose), cholesterol
- 0.125 %, cholic acid - 0.5 % [6]. After HCHFD, animals
were kept on a standard diet and normal drinking wa-
ter for 7 days to exclude exaggerated blood pressure
(BP) readings caused by the osmotic effect of fructose
consumption.

Group 4 rats (n 12) were kept for 70 days
on HCHFD, after which they were placed in a hypoxic
chamber to simulate CNH and continued HCHFD for 2
weeks of adaptation to CNH; the last week of adapta-
tion to CNH, group 4 rats were kept on a standard diet
and drinking water without additives.

Group 5 animals (n = 8) as well as group 4 rats were
kept on HCHFD, then were exposed to CNH and received
the AMPK activator metformin in drinking form at a dose
of 200 mg/kg/day throughout the period of adaptation
to hypoxia.

Group 6 animals (n = 9) received the PPARa agonist
WY 14643 at a dose of 1 mg/kg/day in drinking form un-
der the same conditions.

After the end of diet and/or adaptation to hypoxia
1 day before coronary occlusion modelling, all animals
had their tail blood pressure measured by non-inva-
sive volumetric plethysmography using MP35 device
with NIBP200A pressure measuring device (Biopac Sys-
tem Inc., USA) and glucose tolerance test (GTT) was per-
formed using standard method, area under curve (AUC,
area under curve) was calculated. The infarct-limiting
effect of adaptation to CNH was evaluated by the in-
farct size formed during 45-minute coronary occlusion
and 120-minute reperfusion in an in vivo experiment.
Coronary occlusion was performed during the diestrus
phase, which was verified by vaginal mucus microscopy.
Anesthesia with a-chloralose (80 mg/kg) and artificial
lung ventilation with SAR-830/P (CWE, Inc., USA) were
used to perform coronary occlusion. Ligation of the left
coronary artery was performed 2 mm below the aortic
outlet. After 45 min of ischaemia, the ligature was re-
lieved and the onset of reperfusion was verified by hy-
peraemia of the ischaemic area. The experiment was
terminated without taking the animals out of anaesthe-
sia by sampling blood from the external carotid artery.
Myocardium was eviscerated, washed through the aor-
ta with physiological solution. The ligature previously
applied to the coronary artery area was re-tightened,
and the myocardium was stained through the aorta
with 5 % potassium permanganate solution to identify
the Area at risk, AAR - the area of myocardium exposed
to ischaemia. 1 mm thick transverse sections of the left
ventricle were made and stained with 1 % 2,3,5-triph-
enyltetrazolium solution for 30 min at 37 °C, then fixed
for 1 day in 10 % neutral formalin solution and scanned
(HP Scanjet G2710; HP Inc., USA). The area of myocar-
dial tissue necrosis (infarction size, IS) on sections was
revealed as unstained areas with 2,3,5-triphenyltetra-
zolium. The size of the necrosis area and risk zone was
determined planimetrically using the Ellipse 2.02 soft-
ware (ViDiTo, Czech Republic).



Blood samples were centrifuged at 3000 rpm, se-
rum was collected and stored at -70 °C. Glucose, tria-
cylglycerides, and cholesterol were determined in se-
rum by enzymatic colorimetric method using B-8054,
B-8322, and B-8069 kits (Vektor-Best, Novosibirsk, Rus-
sia). The content of leptin, adiponectin, corticosterone,
and insulin in serum was determined by enzyme immu-
noassay using SEA084Ra Leptin, SEA605Ra Adiponectin,
CEA448Ra Insulin (Cloud-Clone, China); RE52211 Corticos-
terone (Human, Rat, Mouse) (IBL International GmbH, Ger-
many) kits. Samples were measured using an Infinite 200
PRO microplate reader (Tecan GmbH, Austria).

Statistical data processing was performed using
Statistica 13.0 software (StatSoft Inc., USA). The data ob-
tained were verified for agreement of the distribution
with the normal law using the Shapiro — Wilk criterion,
showed a distribution satisfying the normality criterion,

and are presented as mean = standard error of the mean
(M £+ SEM). Homogeneity of variance was checked using
Levene’s criterion. The numerical values of the studied pa-
rameters in the groups were comparable in terms of vari-
ance, so two-way ANOVA followed by Fisher’s posterior
criterion was used in their comparison. Correlations be-
tween parameters were investigated using Spearman’s co-
efficient. The threshold value of the achieved significance
level p was assumed to be 0.05.

RESULTS

Adaptation of rats to chronic normobaric hypoxia did
not affect rat mass and organ mass except for an increase
in the mass of the right ventricle of the heart, which is char-
acteristic of the state of chronic hypoxia (Table 1).

TABLE 1

CHANGES IN ORGAN WEIGHTS OF RATS DURING ADAPTATION TO CHRONIC NORMOBARIC HYPOXIA

AND METABOLIC SYNDROME
Control CNH Mets Mets+CNH ~ MetS+CNH+ — MetS + CNH +
metformin WY14643
Indicators (n=12) (n=11) (n=12) (n=12) (n=8) (n=9)
1 2 3 4 5 6
:’:ﬁ;gf‘?f rat 204214157 201204198  20000+2.83 20854+1.86  212.00+2.97 205.82 +1.86
Rat weight 29867 +655 27923+698  284.88 +4.89 273.56 +3.25
final, g 28637471 277922662 T, 6023 p,=0.033 p,<0.001 p, <0.001
127 +£0.05 124002
Heart, g 1.08 £ 0.02 1.09 £ 0.04 p, < 0.001 119 £0.02 120 £0.01
1 p.=0.005
p,=0.001 3
: 0.980 + 0.036
rer:tS;’em”C”'ar 0859+0016 07970024  p <0001  O% i ;‘r) 8'(?114 0'85<° 5006?1 0'8423 8'&14
. p, < 0.001 Py< Py<® Py<®
Right ventricular .. (oo 029440023 0291£0021 03040013 034 +0.02 0.304 +0.013
mass, g ’ - p, =0.002 p, =0.002 p, < 0.001 p, <0.001 p, <0.001
13124045 1;.9_2(;;(;)1.;1 1 1/0.6:_; 8.149 1 1p.3§:_r) 8.133
: =0 =0 =0
Liver, g 1063+0.27  10.69+0.32 p, : g.gg: p,=0.030 p,=0.009 p,=0.005
Pa <P p,=0.027 p,=0.047 p,=0.029
2.04 +0.05
+
Kidneys, g 1.83 +0.05 1.85 +0.05 p, =0.002 1832005 1.96 + 0.04 1.89 £ 0.07
1 p. =0.005
p,=0.01 3
13.97 £1.17
15.56 + 1.24
= + +
Abdominal fat, g 11324056  1152£094  p,=0.002 p, =0.043 14.74 + 2.86 14.25 £ 2.15
0008 p,=0.088 p, <0.001 p,=0.0]1
P =0 p,=0.266
Spleen, g 0.67 +0.05 0.54+0.03 0.68 % 0.02 0.64+0.03 0.69 % 0.04 0.62%0.02
Adrenal glands, mg 42+3 37+2 41+1 37+1 40+ 1 37+1

Note. n — number of animals in the group; p - statistical significance of differences in relation to the corresponding group (two way ANOVA, Fisher’s posterior test).
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Keeping rats on a high-carbohydrate, high-fat diet
(metabolic syndrome) resulted with an increase in rat
weight, abdominal fat mass relative to age-adequate
controls, indicating the formation of obesity (Table 1).

In addition, an increase in myocardial mass by 20 %,
liver by 30 % and kidneys by 10 % was observed (Ta-
ble 1). The increase in heart mass in the MetS group was
attributable to an increase in both left and right ventric-
ular masses. No statistically significant changes in spleen
and adrenal gland masses were observed.

In MetS rats, chronic hypoxia modelling resulted
in a decrease in body weight, heart, liver and kidney
weights, but not abdominal fat mass to the level of con-
trol rats (Table 1). No decrease in the mass of the right
ventricular myocardium was observed during the sim-
ulation of chronic hypoxia in rats with MetS, indicating
the preservation of its hypertrophy, consistent with ad-
aptation to chronic hypoxia [1]. Administration of met-
formin or WY 14643 did not result in statistically significant
changesinorgan weightsin CNH-adapted rats on the MetS
background (Table 1).

The formation of metabolic syndrome was charac-
terised by increased blood glucose and insulin content,
decreased glucose tolerance (increased area under

TABLE 2

the curve of glucose dynamics in the glucose tolerance
test), insulin resistance (increased HOMA-IR (Homeosta-
sis Model Assessment of Insulin Resistance)), develop-
ment of hypercholesterolemia, increased triglyceride
content in the blood of rats by 1.5 times (Table 2). Ad-
aptation to CNH against MetS background prevented
the increase in triglycerides, cholesterol, glucose, glu-
cose and insulin tolerance (HOMA-IR) formation. Along
with this, the concentration of insulin in the rat serum
under combined modelling of CNH and MetS remained
at a high level (Table 2).

Metabolic syndrome caused an increase in serum
leptin and adiponectin relative to the control group
equally in the groups of non-adapted and CNH-adapted
rats (Table 2).

The  metabolic  syndrome  was  accompa-
nied by an increase in serum corticosterone levels
from 394 + 6.1 to 475 + 3.7 (p, < 0.001), which indicates
moderate stress (data are not presented in the table).
Adaptation to chronic normobaric hypoxia did not in-
crease corticosterone elevation during MetS. It should
be emphasised that the absence of changes in the mass
of target organs (adrenal glands, spleen; Table 1) indi-
cates a small severity of the stress response.

BIOCHEMICAL INDICES OF METABOLIC SYNDROME FORMATION IN RATS UNDER THE INFLUENCE

OF METFORMIN AND WY14643

Control CNH Mets Mets+CNH ~ MetS+CNH+ MetS + CNH +
metformin WY14643
Indicators (n=12) (n=11) (n=12) (n=12) (n=8) (n=9)
1 2 4 5 6
502+046 5324030  436+0.39 46+0.29 4.95+0.15
+
Glucose, mmol/l 425034 ) S 005 p,=0.05 p,>0.05 p,>005 p,=0.05
Glucose tolerance 709 + 13 723+ 26 761 +12 725+13 725+ 25 759 + 22
test (AUC) * p,>005  p1=0012 p,>0.05 p,>0.05 p,=0.012
. 978+071 1037+045  11.80£0.98 10.58 £ 1.26 1042 £0.22
+
Ltk e 8.02£057 p,>0.05 p,=0.05 p, =0.002 p,>005 p1<0.05
214014  248+013  225+0.26 220 £0.30 232+0.11
RSl 1.78+0.14 p, > 0.05 p,=0.03 p,>0.05 p,>0.05 p,=0.04
1254016  1.57+0.29 1314015 130+0.16 1.0+ 0.09
VCp e/t 101015 p,>0.05 p,=0.036 p,>0.05 p,>0.05 p,=0.036
534+069 671+124  562+068 5.56 + 0.68 451+0.94
+
Cholesterol, mmol/L 430+044 p,>0.05 p,=0.034 p, > 0.05 p,> 005 p,=0034
. 1344011 5374074  89%055 250041 125+0.14
Leptin, ng/mL 1.77 £0.26 > 0.05 <0.001 p, <0.001 p, <0.001 <0.00]
Py =% Pyt p,<0.001 p, < 0.001 Pyt
5.89 +0.55 6.96 +0.84
Adiponectin, pg/mL 1.77+0.26 134:006151 >3 Zz 86714 p, <0.001 p, < 0.001 8‘8i 3 (1)'0117
Py =0 Pr<® p,<0.001 p,=0.009 Py <P

Note. TG - triglycerides; n - number of animals in the group; p - statistical significance of differences in relation to the respective group (two-way ANOVA,

Fisher’s posterior test).
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Keeping rats on HCHFD resulted in an increase in sys-
tolic (SBP) but not diastolic blood pressure (DBP) (Table 3).
Adaptation of rats with metabolic syndrome to hypoxia
caused an increase in DBP, while SBP in this group had no
statistically significant differences from rats of the control
group (Table 3).

Coronary occlusion in all groups of animals induced
the formation of a myocardial hypoperfusion zone (risk
zone), the size of which was 30-33 % of the left ventricular
mass (Fig. 1b; Table 4). 2,3,5-triphenyltetrazolium staining

TABLE 3

revealed that the infarction size was 46.92 % of the mass
of the hypoperfused area. Statistically significant myo-
cardial hypertrophy was observed in the MetS group (Ta-
ble 1); the mass of myocardial hypoperfusion area (AAR)
in this group in absolute terms was statistically significantly
greater than in rats without metabolic disorders. However,
since the infarct size was considered as the ratio of the ne-
crosis zone and risk zone masses (IS/AAR, %), the infarct
size in rats with MetS was not statistically significantly dif-
ferent from that in the control group (Table 4).

BLOOD PRESSURE IN RATS WITH METABOLIC SYNDROME

Control CNH MetS MetS + CNH
Indicators (n=19) (n=14) (n=15) (n=15)
1 2 3 4
142.0+28
SBP, mmHg 1292425 1293+1.9 p,=0014 1375 inl-G
p,= 0.008 P23
1047 +£1.5
DBP, mmHg 96.1+£2.5 96.5+2.6 988 +2.2 p,= 0.039

Note. n - number of animals in the group; p - statistical significance of differences in relation to the corresponding group (two way ANOVA, Fisher’s posterior

test); ns - statistically non-significant..
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FIG. 1.

CNH infarct-limiting effect in rats with and without metabolic syndrome: a - mean values of infarct size in control group, with Mets,
CNH and with the combination of CNH and MetS; b - representative images of myocardial infarction in experimental groups; p, - sta-
tistical significance of differences compared to control group; p, - statistical significance of differences compared to the group with
chronic normobaric hypoxia; p, - statistical significance of differences compared to the group with metabolic syndrome (two-way

ANOVA, Fisher’s posterior test); ns — not significant
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Infarct size (IS/AAR, %) in CNH-adapted rats was 43 %
smaller than in controls (Fig. 1a, b; Table 4). The obtained
data indicate a pronounced CNH infarct-limiting effect.
This effect was reduced in animals with MetS: the reduc-
tion in infarct size relative to the group of rats with MetS
was 25 % (Fig. 1a, b; Table 4). Consequently, we can speak
of an attenuation of the CNH infarct-limiting action in rats
with diet-induced metabolic syndrome.

Correlation analysis (Spearman’s r-criterion) revealed
weak but statistically significant direct correlations be-
tween infarct size and glucose tolerance index (AUQ),
as well as between infarct size and serum triglyceride
content (Table 5).

TABLE 4

Metformin therapy (adding it to drinking water at a fi-
nal dose of 200 mg/kg/day for 21 days of rats adaptation
to CNH) did not affect glucose, insulin, triglycerides, cho-
lesterol, glucose and insulin tolerance indices in MetS rats
during adaptation to CNH (Table 2). At the same time,
under the influence of metformin there was a decrease
in leptin content and an increase in adiponectin content
relative to the group of rats with metabolic syndrome,
including relative to the group of rats adapted to CNH
under MetS (Table 2).

Metformin administration did not change left
ventricular mass and the size of the risk zone in rats
with metabolic syndrome and CNH adaptation; infarct

EFFECT OF METFORMIN AND WY14643 ON INFARCT SIZE IN RATS AFTER METS AND CNH MODELLING

Left ventricular

Groups Risk zone, mg Necrosis zone, mg NZ/RZ, %
mass, mg
1. Control (n=12) 859+ 16 257.25+20.53 120.17 £10.34 46.92 £2.24
7339+12.29 26.50 +3.52
2.CNH(nh=11) 797 £ 24 268.89 £ 18.11 p,=0023 p, <0.001
980 + 36 329.42 £ 25.51 170.96 + 20.04 51.25+3.70
i SEB(S12) p,=00018 p,=0019 p,=0012 p,ns
38.29 +2.04
4. MetS + CNH 318 + 14 241.34 +£19.07 93.73 £9.92 p,=0.042
(n=12) - p,=0.004 p, < 0.001 p,=0.007
p,=0.003
103.1 £18.99 39.2+£4.75
5. p, ns p, ns
MetS + CNH + metformin 850+ 10 250'(_“6- 5?;8 p,ns p,=0.013
(n=8) Py =0 p,=0.0034 p,=0016
p4ns p,ns
293 +5.7
6. MetS + CNH + WY 14643 865 + 29 2472+ 235 725+£19.2 p,=0.022
(n=9) - p,=0.03 p, =0.002 p,ns
p,=0.003

Note. n - number of animals in the group; p - statistical significance of differences in relation to the corresponding group (two way ANOVA, Fisher’s posterior

test); ns - statistically non-significant.

TABLE 5

CORRELATIONS OF BIOCHEMICAL PARAMETERS WITH INFARCT SIZE IN INDUCED METABOLIC SYNDROME
AND ADAPTATION TO CHRONIC NORMOBARIC HYPOXIA

Indicators Infarct size NZ/RZ, % p value
GTT (AUCQ) 0.33 0.034
Triglycerides, mmol/L 0.39 0.017

Note. TG - triglycerides; n - number of animals in the group; p - statistical significance of differences in relation to the respective group (two-way ANOVA,

Fisher’s posterior test).
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size was not altered by metformin in rats with combined
metabolic syndrome and CNH modelling (Table 4).

Application of PPARa activator WY14643 did
not change the indices of carbohydrate metabolism
in CNH-adapted rats against MetS background. A decrease
in serum triglycerides, cholesterol and leptin was ob-
served under the influence of WY14643 (Table 2). Admin-
istration of PPARa activator did not change left ventricular
mass and the size of the risk zone in rats with metabolic
syndrome and CNH adaptation (Table 4). Simultaneous-
ly, the size of the necrosis zone and IS/AAR ratio in rats
of this group were lower than in the groups of control
animals, in the group of rats with metabolic syndrome
and in the group with combined application of metabolic
syndrome and CNH (Table 2).

DISCUSSION OF RESULTS

The results of the study revealed that the use
of HCHFD leads to obesity, which is characterised by an in-
crease in body weight and abdominal fat mass, accom-
panied by hyperglycaemia, impaired glucose tolerance,
dyslipidaemia and the development of hypertension.
The results obtained allow us to talk about the formation
of a metabolic syndrome. Lipid accumulation was previ-
ously observed in the myocardium and aorta of rats kept
on a diet similar to that used in our study [6]. We found no
significant effect of MetS over infarct size, however. There
is evidence in the literature of both increased myocardial
resistance to ischaemia by a high-carbohydrate diet ac-
companied by hyperglycaemia [7] and increased infarct
size in individuals with metabolic abnormalities such
as hyperglycaemia and dyslipidaemia [8]. Accordingly,
we can speak about unexpressed myocardial changes
in MetS, which do not statistically significantly affect car-
diac resistance to ischaemia-reperfusion.

Adaptation to chronic normobaric hypoxia demon-
strated a pronounced infarct-limiting effect, which is con-
sistent with the literature and our previous results [1, 5].
Our studies showed that the infarct-limiting effect of CNH
is attenuated under MetS conditions. At the same time, ad-
aptation to CNH of MetS rats results in reduction of MetS
manifestations such as dyslipidaemia, impaired glucose
tolerance. Therefore, we can conclude that CNH signifi-
cantly but not completely prevents the formation of meta-
bolic disorders, and its protective effect against ischaemic
reperfusion injury is reduced. A study by J.J. Zhou et al.
(2013) also revealed a decrease in serum glucose content
in MetS rats when exposed to chronic hypoxia [3].

The failure of CNH adaptive mechanisms in MetS
animals may be a consequence of a number of reasons.
Correlation analysis revealed the relationship of infarct
size with impaired carbohydrate metabolism. Myo-
cardial insulin resistance in MetS may be considered
as mechanisms of this correlation, caused, among others,
by the endocrine influence of adipose tissue [9]. Under
conditions of adaptation to hypoxia, myocardial metabo-
lism becomes largely dependent from glucose oxidation
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[10]. Concurrently, decreased activity of the insulin sig-
nalling-associated glucose transporter GLUT4 prevents
the use of sufficient carbohydrate to sustain the energy
status of the cell. Along with this, the hypothesis about
the role of myocardial insulin resistance in impairment
of CNH infarct-limiting action formation needs additional
verification.

The scientific literature discusses the decrease
in the activity of adenosine monophosphate-activated
protein kinase (AMPK), one of the key enzymes in the reg-
ulation of carbohydrate metabolism of the cell, during
MetS. It has been revealed that lipotoxicity of fatty acids
towards myocardium under high-fat diet is associated
with decreased activation (phosphorylation) of AMPK,
which leads to the development of myocardial contrac-
tility disorders, fibrosis, apoptosis, inflammation and oxi-
dative stress [11].

The fact that AMPK is involved in myocardial de-
fence against hypoxia should be considered [12]. Per-
haps inhibition of AMPK signalling by MetS prevents
the development of cardioprotection of CNH. These
results, however, revealed a lack of metformin efficacy,
an AMPK activator, to restore impaired cardioprotec-
tion. At the same time, metformin is known to show
efficacy in myocardial ischaemia in obese rats induced
by a high-fat diet [13]. The mechanisms of cardioprotec-
tion in this case are reduction of oxidative stress, anti-
apoptotic effect of metformin, reduction of ferroptosis
and necroptosis, improvement of contractility, increase
of mitochondrial transmembrane potential, decrease
of reactive oxygen species formation in mitochondria,
and increase of mitochondrial fusion marker OPA1 [13].
According to other authors, however, metformin has
no effect upon myocardial ischaemia-reperfusion resis-
tance in rats with streptozotocin-induced diabetes mel-
litus, including infarct size and post-ischaemic recovery
of myocardial contractility [14].

The literature data suggest a definite role in the re-
duced infarct-limiting efficacy of CNH in rats with MetS
for the impairment of the intracellular mechanism of ac-
tion of adiponectin signalling. It should be noted that our
study revealed an increase of adiponectin in rat serum
under MetS, which was persisted at a high level when
CNH was modelled in these animals. In animals with un-
altered carbohydrate metabolism, adiponectin, through
interaction with AdipoR1 receptors, stimulates the intra-
cellular APPL1-AMPK response of cardiomyocytes, pro-
viding anti-apoptotic and anti-necrotic effects during
ischaemia/reoxygenation [15]. This protective effect
of adiponectin in myocardial IR has been demonstrated
to be reduced in cardiomyocytes of mice with type 2 dia-
betes mellitus, which may indicate impaired intracellular
signalling of this adipokine [15]. Patients with metabolic
syndrome were revealed to have decreased expression
of both AMPK subunits (a1 and a2) in skeletal muscle,
which is correlated with decreased myocyte sensitivity
to adiponectin [16].

Additionally, failure of adaptive cardioprotection
may be associated with impaired RISK-kinase signalling
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during MetS, which is involved in the infarct-limiting
effect of CNH. Specifically, it was found that activation
of protein kinase B (Akt-kinase) and subsequent cardio-
protection in response to preconditioning of rat myocar-
dium did not occur when it was perfused with fatty acids
[17]. Stimulation of Akt-kinase phosphorylation restores
mitochondrial function impaired when cells are exposed
to palmitic acid [9].

It is acknowledged that one of the mechanisms
of cardioprotection in chronic hypoxia is the devel-
opment of the microvascular channel under the influ-
ence of hypoxia-induced factors (e.g., HIF1) [18]. This
mechanism was revealed to be significantly impaired
in patients with MetS, which may be one of the reasons
for the impaired formation of cardioprotection [19].
The other mechanism of increased myocardial resistance
to ischaemia by HIF-1 factor is the synthesis of microRNA
miR-322, which is associated with cytoprotective and an-
tiapoptotic effects of adaptation to hypoxia [20, 21]. This
mechanism is affected by MetS [22].

Correlation analysis showed a relationship between
infarct size and serum triacylglyceride levels. It can there-
fore be assumed that disorders of lipid metabolism may
be responsible for the failure of adaptive cardioprotection
in MetS. PPAR-a receptor is known to be one of the key
structures regulating cellular lipid utilisation in cardiomy-
ocytes [23]. PPAR-a is known to be involved in the control
of transcription of genes involved in the capture and ox-
idation of fatty acids in cardiomyocytes [24]. In addition,
PGC-1 to PPARa signalling has been also demonstrated
to play an important role in the regulation of myocar-
dial resistance to ischemia. For instance, the PPARa ag-
onist clofibrate was revealed to have a direct antiapop-
totic effect in ischaemia-reperfusion myocardium of rats
with MetS [25], and the PPARa antagonist GW6471 pre-
vented the cardioprotective effect of the cannabinoid
anandamide in a model of chronic intermittent myocar-
dial ischaemia (ischaemic cardiomyopathy) in mice [26].
However, the above signalling undergoes significant
changes in both diabetes mellitus and chronic hypoxia.
A significant decrease in the rate of fatty acid oxidation
in rat myocardium was revealed in chronic hypoxia, and,
on the contrary, an acceleration of this process in diabe-
tes mellitus induced by the application of a high-fat diet
and streptozotocin [10]. The combined state of chronic
hypoxia and diabetes mellitus, according to these re-
searchers, reveals a high rate of fatty acid oxidation
by mitochondria [10]. No changes in PPARa mRNA in rat
myocardium were observed by these authors, neither
in isolated exposure to diabetes mellitus and hypoxia,
nor in combined pathology. Other publication, however,
revealed suppression of the expression of lipid metabo-
lism regulatory protein genes, including PPARa, PPARY,
coactivator 1a (PGCla), and carnitine palmitoyl trans-
ferase 1a (CPT1a), when exposed to hypoxia against
a background of diabetes [27]. Meanwhile, PPARa ac-
tivator WY14643 reduced obesity-induced myocardial
lipid accumulation and improved left ventricular systolic
function and mitochondrial respiration [27]. These data
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are consistent with our findings about the infarct-limiting
effect of PPARa activator WY 14643 in experimental myo-
cardial infarction.

CONCLUSION

Studies have revealed that diet-induced metabolic
syndrome reduces the infarct-limiting efficacy of adap-
tation to chronic normobaric hypoxia in rats. In this case,
the decrease in the effectiveness of chronic normobar-
ic hypoxia is correlated with impaired glucose tolerance
and increased triglyceride levels. Correction of carbohy-
drate metabolism by metformin does not restore the in-
farct-limiting effect of CNH in metabolic syndrome, where-
as the use of PPARa activator normalises lipid metabolism
and completely restores the impairment of adaptive cardi-
oprotection in metabolic syndrome in rats.

The obtained data allow us to conclude that for correc-
tion of adaptation cardioprotection disorders it is neces-
sary to use means that improve not carbohydrate but lipid
metabolism.
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ABSTRACT

The aim of the study. To assess the possibility of correction and prevention of be-
havioral disorders in rats with metabolic syndrome using a complex phytoadaptogen
(CPA).

Material and methods. The experiment was carried out on 30 male Wistar rats
randomized into 3 groups: group 1 — control; group 2 — metabolic syndrome (MS);
group 3 - treatment of metabolic syndrome using CPA. In groups 2 and 3, animals
were on a high-carbohydrate and high-fat diet for 16 weeks. Group 3 received CPA
for 14 days in drinking water after 16 weeks of a diet. CPA consists of official tinctures
of Glycyrrhiza glabra, Rhodiola rosea, Acantopanax senticosus at a ratio of 1:2:1.
Behavior was analyzed through the “open field” test using Realtimer software
(Open Science, Russia). Data were analyzed using GraphPad Prism 8.03 software
(GraphPad, USA).

Results. The experiment proved that metabolic syndrome is accompanied by increased
anxiety (decreased horizontal (p = 0.017) and vertical (p = 0.017) motor activity) and fear
(increased periods ofimmobility (p=0.011)) in the open field. When corrected with a com-
plex phytoadaptogen, the time spent in the open and closed arms of the maze did not
differ statistically significantly from the values of similar control indicators.

Conclusion. Based on the data obtained in the group 3 (no statistically significant
differences with control) - decreased manifestations of fear and anxiety (increased
orientation and research activity) — we can talk about the effectiveness of complex phy-
toadaptogens as an anxiolytic. The mechanisms underlying this result remain to be ex-
plored, emphasizing the role of the autonomic nervous system, leptin and ghrelin
in behavior and the influence of complex phytoadaptogens on them.

Key words: Acanthopanax senticosus, dyslipidemia, Glycyrrhiza glabra, metabolic
syndrome, obesity, Rhodiola rosea
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PE3IOME

Lene uccnedoeanus. OyeHUMb B803MOXHOCMb KOppeKuuu U npouiakmuku Ha-
pywieHul nosedeH4eckol dKMUBHOCMU KpPbIC ¢ Memabouyeckum CUHOPOMOM KOM-
naekcHoiM gpumoadoanmozeHom (KOA).

Mamepuan u memoodsl. SkcnepumeHm npoeodusiu Ha 30 Kpbicax-camyadx JUHUU
Wistar, ciyyatiHelm 06pazom paszoenéHHsix Ha 3 2pynnsl: 2pynnd 1 — KOHMpPOib; 2pyn-
na 2 - memabonuyeckuli cuHopom (MC); epynna 3 — nedyeHue Memabosiu4ecKko20 CUH-
opoma K®A. B epynnax 2, 3 xusomHsle HaxoO0uaucCy Ha oueme C 8bICOKUM COOepXa-
HueM y2/1e80008 U Xupos 8 meyeHue 16 Hedenb. [pynna 3 nonydyana KDA 8 meueHue
14 0Heli c numbegoli 8000l nocsie 16 Hedesib duemsbl. KDA cocmoum u3 opuyuanbHuIx
Hacmoek Glycyrrhiza glabra, Rhodiola rosea, Acantopanax senticosus 8 coomHouwe-
Huu 1:2:1. [NogedeHuUe aHanu3uposasau ¢ nomowbto mecma «Omkpoimoe nose» (Ofl)
C UCNoNb308aHUEM Npo2paMmHO20 obecnedeHus Realtimer (Open Science, Poccus).
JlaHHble aHanu3uposasu c Ucnosib308aHUeM NPoepammHo2o obecneyeHus GraphPad
Prism 8.03 (GraphPad, CLLIA).

Pesynemamel. B xo0e 3kcnepumveHma 0oKasaHo, Ymo memabosudeckuli CUHOpOM
CoNpoBoXO0demcs NosbileHHOU MpesoXHOCMbIO (CHUXeHUe 20pU30HMAsibHoU
(p = 0,017) u sepmuxansHoli (p = 0,017) dsueamenvHoOl AKMUBHOCMU) U CMPAxom
(ysenuyeHue nepuodos HenodsuxHocmu (p = 0,011)) 8 Of1. [Ipu Koppekyuu Komniekc-
HbIM humoadanmozeHoM 8peMs npebbIBAHUA 8 OMKPbIMbIX U 3aKPbIMbIX PyKAgax
1abupuHMa cmamucmuyecku 3Ha4uUMO He OMJIUYAIUCb OM 3HAYeHUU AHAM02UYHbIX
nokazameneli KOHMPOJIA.

3aknroyenue. Ha ocHo8aHUU OAHHbBIX, NOJTyYEHHbIX 8 2pynne Koppekyuu (omcym-
cmeue cmamucmuyecku 3HA4uMblx omu4uli OMHOCUMENbHO KOHMPOJISA): CHU-
)KeHUe nposesieHUli cmpaxa U mpesoXHOCMU (NoebiieHUU OpUeHMUPOBOYHO
ucciedogamesibCkoli 0eamesibHoCmu), — MOXHO 2080pums 06 3hgekmusHocmu
KOMNJIeKCHbIX (humoaddnmozeHo8 8 Kadyecmee dHKCUOIUMUKAd. MexaHu3mel, siexa-
wue 8 0CHoge OaHHO20 pe3ysibmamad, ewé npedcmoum u3y4ume, NOOYEPKUBAA POJib
se2emamusHol Hep8HOU cucmeMbl, 1eNMUHA U 2pesluHA 8 No8edeHUU U e/usHUe
HA HUX KOMNJIEKCHbIX humoadanmozeHos.

Knioyesewle cnoea: Acanthopanax senticosus, oucnunudemus, Glycyrrhiza glabra,
Memabonuveckul cuHOpoMm, oxupeHue, Rhodiola rosea

Ona yntupoBaHma: [I3amnaeBa K.B., Oatnera ®.C., TakoeBa E.A., Haptnkoesa M.U.
MpodrnakTrka 1 KOppPEKUNA HAPYLLUEHWIA NOBEAEHUYECKOI aKTUBHOCTU KPbIC C MeTabo-
JINYECKMM CMHAPOMOM KOMIMIEKCHBbIM ¢duToadanToreHom. Acta biomedica scientifica. 2024;
9(1): 233-240. doi: 10.29413/ABS.2024-9.1.23
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INTRODUCTION

Metabolic syndrome (MS) is becoming a serious
medical and social problem worldwide. According
to the World Health Organisation, more than 1.9 bil-
lion people are overweight [1, 2]. MS is characterised
by insulin resistance, hyperglycaemia, dyslipidaemia,
hypertension and obesity, and is a pro-inflammatory
and pro-thrombotic condition. Visceral fat, a biologi-
cally active endocrine and paracrine organ, plays a key
role in metabolic syndrome. It produces adipocyto-
kines, the main pro-inflammatory mediators: plasmino-
gen activator inhibitor-1 (PAI-1, plasminogen activator
inhibitor-1), interleukin-6 (IL-6), tumour necrosis fac-
tor-a (TNF-a). The above cytokines contribute to low-
grade chronic inflammation, the inflammatory response
and reduce insulin receptor sensitivity. Obesity increas-
es the risk of type 2 diabetes mellitus, cardiovascular dis-
ease associated with low intensity chronic inflammation
and systemic endothelial dysfunction. In recent years,
there has been growing interest in exploring the rela-
tionship between MS and psychosomatic disorders such
as depression and anxiety. The results of studies are
conflicting, but pro-inflammatory cytokines have been
revealed to cause depressive disorders and depression
itself induces eating disorders with subsequent MS for-
mation and has pro-inflammatory properties [3, 4].

In this study, we have examined a new herbal for-
mula that can be effectively used in the treatment
and prevention of MS and obesity, a complex phytoad-
aptogen (CPA), which consists of commonly used phy-
toadaptogens: golden root (Rhodiola rosea), common
licorice (Glycyrrhiza glabra), spiny eleuterococcus (Ac-
anthopanax senticosus). Glycyrrhiza glabra and Rhodiola
rosea have anti-inflammatory and antioxidant effects.
Acanthopanax senticosus has a pronounced stress-lim-
iting effect. They control stress-activated molecular
chaperones (Hsp70), cortisol and nitric oxide (NO). Un-
der stressful conditions, adaptogens modulate the func-
tion of the pineal gland [5]. Additionally, the literature
suggests that CPAs are able to enhance performance
and reduce fatigue, and modulate the inflammatory re-
sponse in experiment and clinic.

THE AIM OF THE STUDY

To assess the possibility of correction and prevention
of behavioral disorders in rats with metabolic syndrome
using a complex phytoadaptogen.

MATERIALS AND METHODS

The experiment was performed on male Wistar rats
(weight 330 + 20 g; n = 30) obtained from the Rappolo-
vo husbandry (St. Petersburg, Russia). The animals were
housed in a room with artificial light (12/12), controlled
temperature (21 + 1 °C) and humidity (50-55 %). Rats were
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kept in cages (5 animals in each cage), food and water
ad libitum.

The study was approved by the Ethics Committee
of the Institute of Biomedical Research - branch of the Vla-
dikavkaz Scientific Centre of the Russian Academy of Sci-
ences (Minutes No. 7 dated February 20, 2019). The study
was conducted in accordance with the ethical standards
established by the World Medical Association Declaration
of Helsinki (2000).

After the adaptation period (2 weeks), the animals
were randomly divided into 3 experimental groups:
group 1 - control; group 2 - metabolic syndrome;
group 3 - treatment of metabolic syndrome with com-
plex phytoadaptogen. Animals of groups 2 and 3 were
on a high-carbohydrate high-fat diet (HCHF). The diet
included: 175 g of fructose, 395 g of sweetened con-
densed milk, 200 g of beef fat, 155 g of powdered rat
food, 25 g of Hubble, Mendel and Wakeman salt mix-
ture and 50 g of water per kilogram of diet. Addition-
ally, the drinking water for the MS group was supple-
mented with 25 % fructose [6]. The total feeding time
was 16 weeks. The presence of metabolic syndrome
in animals was confirmed by biochemical, pathomor-
phological and functional methods of study according
to the applied experimental model [6]. Group 2 rats
were removed from the experiment after 16 weeks
of feeding to evaluate the progression of pathophysi-
ological changes in the metabolic syndrome. Animals
were removed from the experiment by decapitation un-
der thiopental anaesthesia (40 mg/kg).

After 16 weeks of diet, Group 3 rats received a com-
plex phytoadaptogen for 14 days. CPA consists of 40 %
alcoholic extracts of Glycyrrhiza glabra, Rhodiola rosea,
Acanthopanax senticosus in the ratio of 1:2:1 respectively.
The dose was calculated based on the average daily flu-
id intake and a factor (x10) for small laboratory animals
(0.1 ml/100 g per day).

Behavior was recorded and calculated using com-
puter software for monitoring animal activity (Real Timer,
Open Science, Russia) in «open-field» and «elevated plus
maze» tests.

The «open-field» test is a square arena with sides
equal to 100 cm and a height of 40 cm, divided into equal
25 squares (40 x 40 x 30 cm?®). It has been proved that
the open field of grey colour fails to reveal intergroup dif-
ferences in animal behavior, as a specific type of stress
behavior emerges, manifested in a mixed anxious-phobic
state in animals regardless of their predicted resistance
to stress [3]. Considering this, the animals in this exper-
iment were not divided into groups based on their tol-
erance to stress. Parameters assessed in the open field:
vertical activity (number of rears), horizontal activity
(distance expressed in squares), number of grooming
and defecation acts.

The elevated plus maze is a plus-shaped apparatus
with four arms connecting at right angles to each other,
as described by Handley and Mitani. The elevated plus
maze consists of two closed (30 x 5 X 30 cm?) and two
open arms (30 X 5 x 1 cm?) perpendicular to each other
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and connected by a central arena (5 x 5 cm?). Closed
arms have a high wall (16 cm), whereas open arms have
no side wall. Rats were placed in the center platform fac-
ing the closed arm. The parameter evaluated is the total
time spent in open and closed arms. Entry was recorded
when the rat entered the arm with all four limbs.

On the day of testing, the rats were transported
to the test room for 2 hours. Each rat was then placed
in the same corner of the open-field arena and the ele-
vated plus maze; behavior was recorded for 5 min each
in both tests. To avoid the presence of olfactory cues,
all equipment (open field, elevated plus maze) was
thoroughly cleaned with 20 % ethanol and then wiped
with dry paper after each trial. The studies were con-
ducted in the time interval from 9 to 14 hours.

Data analysis was performed using GraphPad
Prism 8.03 software (GraphPad, USA). The distribution
of continuous variables was tested for normality using
the Shapiro - Wilk test. Since in some cases there was
no conformity of numerical populations to the principle
of normality of distribution and a small number of vari-
ants in the compared groups (n < 30), nonparametric
block statistics was used in the work. The Kraskell - Wal-
lis criterion was used to compare independent data sets.
The Wilcoxon criterion was used to compare dependent
data sets. Median (25-75%o) values were given as de-
scriptive statistics because of the small number of vari-
ants in the sample. A p value < 0.05 was considered sta-
tistically significant.

RESULTS AND DISCUSSION

Animal behavior is one way of actively adapting
to environmental factors. The animal is stressed when
placed in an «open-field» experimental facility, which
is reflected in its behavior during the first 4 minutes
of the test [3].

Rats with MS (group 2) showed a tendency
to decrease horizontal motor activity (HMA) com-
pared to controls (group 1) within 5 min. The number
of rears with support (vertical motor activity (VMA))
on the arena wall in group 2 showed statistically sig-
nificant differences relative to the control (p = 0.017)
(Table 1). Consequently, in metabolic syndrome, there
is a decrease in orienting and exploratory activity
(JHMA and VMA). No statistically significant differenc-
es in relation to the control both GDA and VMA were
observed during correction with complex phytoadapto-
gen; the indices were restored within the confidence
interval of control, i.e. there was a tendency to normali-
sation of orientation-research activity.

The main significant manifestation of severe fear
in animals with metabolic syndrome in OF was the pe-
riod of immobility, which was statistically significantly
different from control values (p = 0.011). This fact con-
firms the presence of statistically significant differences
of this indicator with the control in group 3 (p = 0.025).
However, the use of CPA resulted in a statistically
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significant difference from the MS group with respect
to periods of immobility (p = 0.014).

In the second group, the duration of grooming
was statistically significantly different from the control
group (p = 0.011). When CPA was corrected, statistically
significant differences in the number of grooming acts
to MS were observed (p = 0.017).

Analysis of the parameters of the Elevated Plus
Maze test revealed increased anxiety and fear symp-
toms in the animals. In rats of the second group (MS) rel-
ative to controls, there was a decrease in the time spent
inthe openarm (p =0.012), an increase in the time spent
in the dark arm (p = 0.043), and the number of head
dippings (p = 0.043) (Table 1), indicating increased
anxiety. When corrected with a complex phytoad-
aptogen, the time spent in the open and closed arms
of the maze did not differ statistically significantly
from the values of similar control indicators (Table 1).

DISCUSSION

Almost all overweight patients have an eating disor-
der [4]. An understanding of the pathophysiological re-
lationships between stress, neurobiological adaptation
and obesity is important for the development of effec-
tive prevention and correction methods.

Proceeding from the data obtained during paral-
lel testing of animals during OF and EPM, it is possible
to speak about the effectiveness of complex phytoad-
aptogen as an anxiolytic: normalisation of indices with-
in the confidence interval of control of the test ‘open
field’ (horizontal and vertical motor activity and pe-
riods of immobility), test ‘elevated plus maze’ (time
of staying in open and closed arms, number of head
dippings, defecation acts) is revealed. This indicates
a decrease in the manifestations of fear and anxiety,
which was expressed in the activation of orienting
and exploratory activity.

The effectiveness of complex phytoadaptogen
can be explained by several mechanisms, and first
of all it is the effect of increasing adaptation to stress.
The autonomic nervous system provides various forms
of response to emotional stress — changes in tem-
perature, sweating, cardiovascular and gastrointesti-
nal indices, respiratory rhythmicity. In chronic stress,
psychovegetative disorders occur. In normal stress,
corticotropin-releasing factor is produced and even-
tually glucocorticoids are produced [7], which inhibit
corticotropin-releasing factor secretion by a feedback
mechanism, then the system returns to its initial state.
Corticotropin-releasing factor reduces the synthesis
of key neuropeptides such as brain-derived neuro-
trophic factor (BDNF). Chronic stress disrupts the feed-
back mechanism, glucocorticoids persist for a long
time, which leads to neuronal insufficiency in brain
structures containing glucocorticoid receptors, for ex-
ample, the hippocampus, damage to which can lead
to a failure of adaptation of the individual under
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TABLE 1

CHANGE IN THE ASSESSED INDICATORS IN THE “OPEN FIELD” TEST AMONG ALL EXPERIMENTAL GROUPS

58.5 (36; 65.5) 23'2 (()2051 ‘7‘3) 45 (33.5;53)
9(5.5;13) pzfo(.zo;f;* 7(3.5;8.5)
7(3;8.5) 6.5(4;9) 5(3;7)
20 (15;32.5) 60 (45;75) 3;? nggégf)
p=0011 p=0014%
7(3.5:135) 27.5 (20; 40) 15.5 (14.5; 16)

p=0011% p=0.017*

21.83(10.11;32.51)

50.32 (37.1: 77.7) 37(27.28;49.35)

p=0012 p =005

25038 (228.3; 258.3) z72.5p(2=53.51‘,-‘ 2679 228.8p(2=1 48 245.1)
3(0;5) » 2(8"0%4)3* 0(0;0.5)
3(2;3) R et 0(0;2)
2(2;3) 2(1;3) 2(1;3)

Note. Results are presented as Me (25%o; 75%o); * — to control; ** — to metabolic syndrome (p < 0.05).

subsequent stressors. Accordingly, depressive, anxiety, of cells to stress, which is called the hormesis phenome-
and somatoform disorders occur [7, 8]. non or preconditioning [10].

A complex phytoadaptogen can influence animal One other possible mechanism is related to the CPA
behavior by several mechanisms. Specifically, CPA in- reduction in the production of inflammatory mediators
creases the production of neurohormones (endorphins, in the metabolic syndrome. TNF-a is considered as a me-
dopamine) in stress by modulating the synthesis of ad-  diator of insulin resistance and a regulator of energy
renocorticotropic hormone and cortisol in the adrenal metabolism in the body. TNF-a has been evidenced to af-
glands. In addition, it has a neuroprotective effect [9, 10].  fect insulin receptors and glucose transport, increasing
CPA secondary metabolites contribute to the adaptation insulin resistance and, consequently, stimulating
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leptin secretion [5]. TNF-a increases the production
of IL-6, which also inhibits the metabolic effects of insu-
lin by blocking insulin-dependent activation of signal-
ling transducers, insulin-induced glycogen synthesis.
Consistent with the cytokine hypothesis, psychosomatic
changes with increased cytokines may lead to the induc-
tion of indolamine-2,3-dioxygenase to form tryptophan
(TRP) catabolites with subsequent decreased availability
of TRP and serotonin (5-HT), which also increases anxiety
and the development of depressive states [11].

TNF-a has a direct impact on the formation of insu-
lin resistance at the level of hepatocytes. Progression
of insulin resistance increases leptin resistance. Leptin
(«the voice of adipose tissue») regulates eating behavior
by acting on the hypothalamic satiety center. Leptin also
increases sympathetic nervous system tone; increases
thermogenesis in adipocytes; inhibits insulin synthesis;
and acts on the cell’s insulin receptor to reduce glucose
transport. However, in MS, leptin does not fulfil its ba-
sic biological functions. The increased anxiety behavior
in animals with MS can be explained by the development
of leptin resistance in response to a diet rich in carbohy-
drates and fat, in particular leptin resistance in its main
targets, the hypothalamus [12] and ventral tegmental
area [13]. This condition possibly develops as a result
of decreased leptin receptor gene expression accom-
panied by reduced signal transduction and/or presum-
ably reduced leptin transport into the cerebrospinal flu-
id in insulin resistance [14, 15]. It is widely recognised
that the amygdala plays a major role in the modulation
of anxiety, and dopaminergic receptor mechanisms play
an important role in this modulation. To the extent that
neurons in the ventral tegmental area are the source
of dopamine innervation of the amygdala, it is possible
that leptin resistance in it may underlie the anxious be-
havior observed in our experiment.

Another peripheral hormone that plays an im-
portant role in the regulation of homeostatic nutrition
is ghrelin. As discussed above in relation to leptin,
ghrelin has recently been implicated in stress-induced
changes in eating and behavior. Activation of ghrelin
signalling pathways in response to chronic stress has
been evidenced to be a homeostatic adaptation that
helps individuals cope with stress, but at the expense
of increased caloric intake. Catecholamines secreted
in response to stress appear to directly stimulate ghrelin
cells. Like leptin, ghrelin is an efficient modulator of me-
solimbic dopaminergic chains [8].

From the third side, chronic low-intensity in-
flammation leads to increased oxidative and nitrosa-
tive damage to neurons, pancreatic and endothelial
cells. Inflammatory and nitrosative (O&NS, oxidative
and nitrosative stress) pathways are linked in a vi-
cious circle in which immune-inflammatory reactions
deplete endogenous antioxidant stores and reactive
oxygen intermediates (ROI) activate proinflammato-
ry promoter genes through intracellular signalling
cascades such as mitogen-activated protein kinases
(MAPKs) and NF-kB; in addition, there is an alteration
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of insulin-producing cells in the pancreas and an in-
crease in insulin resistance [16].

We can therefore observe a number of overlap-
ping pathophysiological mechanisms contributing
to the development of behavioural disorders in chron-
ic low-intensity inflammation against the background
of MS, which accounts for the obtained positive effects
of complex phytoadaptogen acting at the central (cen-
tral nervous system), systemic (hormonal regulation)
and cellular levels.

The complex phytoadaptogen inhibits transcrip-
tion factors — NF-kB (nuclear factor kappa-light-chain-
enhancer of activated B cells), receptor activator
of nuclear factor kappa-B (RANK, receptor activator
of nuclear factor k B)), and FOX03, a key transcrip-
tion factor regulating the cellular response induced
by oxidative stress - which results in neurons adapt-
ing to stress. Glycyrrhizin, a constituent of Glycyrrhiza
glabra, reduces oxidative stress by inhibiting the 5'-ad-
enosine monophosphate-activated protein kinase
(AMPK) and transcriptional NF-kB pathways and acti-
vating AMPK/NRF2 (nuclear factor erythroid 2-related
factor 2) signalling [17-19].

Acanthopanax senticosus increases the activity
of antioxidant enzymes - superoxide dismutase, glu-
tathione peroxidase, catalase - in the liver, thereby re-
ducing the accumulation of ROIs [18]. The most wide-
ly known plant-derived antioxidant is Rhodiola rosea,
which enhances the endogenous antioxidant enzymat-
ic response. Administration of Rhodiola rosea extract
inhibits the activity of proline dehydrogenase (PDH)
and glucose-6-phosphate dehydrogenase (G6PDH, glu-
cose-6-phosphate dehydrogenase). Rhodiola rosea ex-
tract and its main biologically active substance, tyrosol,
increase the activity of superoxide dismutase, which
leads to a decrease in the content of free radical oxida-
tion products during adipogenesis [20]. In combination,
phytoadaptogens modulate and potentiate the effects
of each other, which provides their protective effect.

CONCLUSION

The results substantiate the idea that a diet high
in carbohydrate and fat induces a metabolic syndrome
in rats, which contributes to behavioral impairment
in the form of impaired orienting and exploratory ac-
tivity and increased anxiety. Further studies are needed,
however, to identify the mechanisms underlying the be-
havioral changes in leptin resistance that may underlie
the anxious behavior observed in our experiment. Bio-
logically active substances of complex phytoadaptogen
can be a promising addition to the correction of anxiety,
depressive disorders in metabolic syndrome, affecting
both through the autonomic nervous system and cen-
tral structures - targets of leptin and ghrelin, and as pro-
tectors of neurons and peripheral tissues from oxidative
and nitosative stress, eliminating resistance to insulin,
reducing the release of cytokines.
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ABSTRACT

Background. Community-acquired pneumonia (CAP) remains one of the most common
and life-threatening forms of pathology among respiratory diseases.

The aim of the study. To identify the features of the epidemiology of community-ac-
quired pneumonia in the conditions of mass immunization against pneumococcal
infection in the Irkutsk region.

Materials and methods. We conducted a descriptive epidemiological retrospective
study. We studied the incidence of community-acquired pneumonia (including com-
munity-acquired pneumonia of bacterial and viral etiology) and mortality from this
disease in the Irkutsk region for 2011-2022 according to statistical reporting forms
No. 2, No. 5, No. 6, C51.

Results. The incidence of community-acquired pneumonia during the observation period
remained at a high level: the long-term annual average rate among the total population
was 627.3 [467.8+786.8]. At the same time, there was a persistent decrease in the incidence
of community-acquired pneumonia of bacterial etiology (Tdecrease = 6.8 %). Incidence
rates of community-acquired pneumonia of bacterial etiology were distributed uneven-
ly over the years and the compared population groups. The highest levels were recorded
in children in 2018-2019 - 12.3 [10.8+13.8] and 19.3 [17.8+20.8], respectively. A decrease
in the mortality rate from community-acquired pneumonia among children, adults
and in the general population in 2020 was shown, with a subsequent increase in the rate
among adults and the general population by 2.5 times. Against the background of ongoing
immunization of the population against pneumococcal infection, there is a statistically sig-
nificant decrease in the incidence of community-acquired pneumonia, including commu-
nity-acquired bacterial pneumonia, and mortality from community-acquired pneumonia
among different population groups.

Conclusion. Despite the high incidence of community-acquired pneumonia, a sta-
tistically significant decrease in the incidence of community-acquired pneumonia
of bacterial etiology has been shown among children and adults. The decrease
in mortality from community-acquired pneumonia has continued since the intro-
duction of immunization against pneumococcal infection. The results of the study
can be used to optimize epidemiological surveillance and epidemiological control
of community-acquired pneumonia at the regional level.

Key words: community-acquired pneumonia, bacterial pneumonia, pneumococcal
pneumonia, viral pneumonia, morbidity, mortality, vaccination
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BJIMAHUE BAKUMHALUWN HA 3ABOJIEBAEMOCTb U CMEPTHOCTDb
OT BHEBOJIbHUYHbIX MTHEBMOHUN

baaHoBa T.A.", PE3IOME
CrykoBa E.C?,
Kp aBYeHKo H.A.' 0O60ocHo8aHue. BHebosbHUYHblIe nHeaMoHUU (BIT) ocmaromcs camol pacnpocmparéH-

Hou u y2poxatoujel Xu3Hu popmoli namosiozuu cpedu 6os1e3Heli 0p2aHo8 ObIXAHUA.
Uenv uccnedoeaHus. Boigsumb ocobeHHOCMU 3nU0eMu0sIo2uu 8HEe6OIbHUYHbIX
NHe8MOHUU 8 yC/108UAX MACCOBOU BAKUUHAYUU NPOMU8 NHe8MOKOKKO80U UHGeKyuu
8 Mipkymckol obnacmul.
Mamepuansl u memoosl. [IpogedeHO onucamesnbHOe 3nUOeMU0sI02UYeCKOe pempo-
cnekmugHoe ucciedosaHue. VzyueHol 3a6onegaevocms Bl (8 mom qucsie 6akme-
2 OBY3 cllory puaneHoU U 8UpycHOU 3muoJ/io2uu) U CMepmHOCMb om Hux & Upkymckoti obnacmu
P TUTVEHBI N STMAEMNONOTUN 39 201 1-2022 22. N0 OAHHLIM CMAMUCMUYecKUx omuémHabix gpopm N2 2, Ne 5, Ne 6, C51.
B MpkyTckoi obnactu» (664047, 1. VIpkyTCK,  pegymemamer. 3abonesaemocme BI1 3a nepuod HabniodeHus COXPAHANACL HA Bbl-
yn. Tpunuccepa, 51, Poccus) COKOM YypoOBHe: cpedHeMHOo20/1lemHuUli nokasamesib cpeodu COB0KYNHO20 HAcCeNeHUs
cocmasun 627,3 [467,8+786,8]. [I[pu 3mom ommeyanocs cmoukoe CHUXeHUE YPOBHHA
3abonesaemocmu BIT6akmepuansHol smuonozuu (TcHUX. = 6,8 %). lNokazamenu 3a-
6051e8aemMocmu 8He60/IbHUYHbIMU NHEBMOKOKKOBbIMU NHEBMOHUAMU bbl/iu pacnpe-
OeJsieHbl HEPABHOMEPHO NO 200aM U CPABHUBAEMbIM 2pynnam HaceseHus. Haubosb-
ABTOP, OTBETCTBEHHBIV 3a NEPENMCKY: wue yposHu peaucmpuposanuce y demeti 8 2018-2019 2. — 12,3 [10,8+13,8] u 19,3
[17,8+20,8] coomeemcmeaeHHo. [TokazaHo cHuxeHue yposHa cmepmHocmu om Bl
cpedu Oemedi, 83pOC/IbIX U COBOKYNHO20 HaceneHus 8 2020 2. ¢ nocnedyowum pocmom
nokasamersisa cpedu 83pOC/IbIX U COBOKYNHO20 HAcesleHUs 8 2,5 pa3a. Ha ¢poHe nposo-
oumol 8aKyUHAYUU HaceseHUs Npomus NHeeMOKokkogoU uHgekyuu (1) ommeuya-
emcs cmamucmuyecku 3Ha4uMoe CHUXeHUe yposHA 3abonegaemocmu BI1, 8 mom
yucsie 8He60/IbHUYHbIMU 6AKMePUAanbHbIMU NHEBMOHUAMU U cMepmHocmu om Bl
Cpedu pasHbIx 2pynn HaceseHus.
3aknioyeHue. Hecmompsa Ha 8bicokKue yposHU 3abosnesaemocmu Bll, nokasaHo
cmamucmuyecku 3HA4umoe CHuUXeHue 3abonegaemocmu BIT 6akmepuaneHol
amuosoauu cpedu demeli u 83pocsbix. CHUXeHUe cMmepmHocmu om BT npodon-
XKUJIOCb C Ha4Yana 8eedeHus 8aKUUHAUUU npomus NHEBMOKOKKOBOU UHGeKyuU.
[MonyyeHHble pe3ynbmamel ucciedo8aHua mo2ym 6bimb NpUMeHeHsl 0719 onmu-
Mu3ayuu 3nudemuosio2uyeckoeo Had3opa U 3NUOeMuosIo2u4ecko20 KOHMpOoJa
3a Bl1Ha pe2uoHabHOM yposHe.

T ®rBOY BO «MpKyTCKMil roCyAapCTBEHHDIN
MeAVLMHCKIIA yHUBepcuTeT» MUH3apaBa
Poccum (664003, r. VipkyTck, yn. KpacHoro
Boccranus, 1, Poccna)

TatbaHa AnekcaHppoBHa basHoBa,
e-mail: bayanova_tanya@mail.ru

Knioyeevie cnoea: eHebO/IbHUYHbIE NHEBMOHUU, 6AKmepudsibHble NHE8MOHUU,
NHEeBMOKOKKOBble NHeBMOHUU, BUPYCHble NHe8MOHUU, 3a6osesdeMocms, cMepm-
HOCMb, BaKYUHaUyus
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INTRODUCTION

Community-acquired pneumonia (CAP) is one
of the most common infectious diseases [1, 2]. High
levels of morbidity and mortality, polyetiology,
and difficulties in laboratory diagnosis necessitate opti-
misation of epidemiological surveillance and approach-
es to the prevention of this pathology [3, 4]. Streptococ-
cus rpeimopiae (S. rpeimopiae) is the dominant agent
in respiratory tract lesions [5]. The World Health Organ-
isation estimates that pneumococcal disease (PD) is re-
sponsible for more than 1.5 million deaths each year,
and almost half of these are in children. An unfavour-
able factor hindering the effectiveness of treatment
is the progressive antibiotic resistance of strains of this
pathogen [3, 6]. The diversity of clinical forms, high
prevalence of PD determines the relevance of the prob-
lem of their prevention [5]. With the epidemic spread
of viral infections (influenza, COVID-19), the relevance
of CAP, including bacterial etiology, remains [7]. Viral
infections have been confirmed to be the trigger mech-
anism for colonisation of the respiratory tract by patho-
genic bacterial flora [8].

Vaccine prophylaxis is recognised as an effective
strategy for the prevention of CAP [5]. Vaccination
against influenza, Haemophilus influenzae type B,
measles, pertussis, PD, COVID-19, implemented with-
in the framework of Immunization Schedule (IS)
of different countries, is aimed at reducing CAP morbid-
ity and mortality among different population groups.
Scheduled vaccine prophylaxis of pneumococcal in-
fection on the territory of the Russian Federation was
included in the IS one of the last, in 2014. The accumu-
lated experience of the scheduled vaccination demon-
strates the epidemiological and prophylactic efficacy
of this measure in some regions [9-11].

In the Irkutsk region, the incidence rate of CAP
in the period 2011-2019 exceeded that of the Russian
Federation (RF) by 1.5 times [12]. Specific PD prophylaxis
is carried out within the framework of Order No. 1122H
(Annexes 1, 2). It is extremely relevant to study changes
in the level of morbidity and mortality caused by CAP
at the level of the constituent entity of the Russian Fed-
eration in the conditions of scheduled vaccine prophy-
laxis against pneumococcal infection.

THE AIM OF THE STUDY

To identify the features of the epidemiology of com-
munity-acquired pneumonia in the conditions of mass
immunization against pneumococcal infection in the Ir-
kutsk region.

MATERIALS AND METHODS

We conducted a descriptive epidemiological ret-
rospective study. We studied the incidence of CAP
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(viral and bacterial, including pneumococcal, etiology)
and mortality from their occurrence in the Irkutsk re-
gion for 2011-2022 by continuous samples of report-
ing forms N2 2 “Information about infectious and par-
asitic diseases”, C51 “Distribution of the dead by sex,
age and causes of death”. The volumes of vaccination
against pneumococcal infection among the population
are presented according to the data of forms No. 5 “In-
formation on preventive vaccinations” for 2013-2022;
No. 6 “Information on contingents vaccinated against
infectious diseases” for 2016-2022.

CAP incidence and mortality of different population
groups (child, adult, aggregate) are presented by peri-
0ds: 2011-2019 - period before the spread of COVID-19;
2020 - COVID-19 pandemic onset year; 2021-2022 -
years of COVID-19 spread.

To assess the extent to which immunisation against
PDinfluences theincidence of CAP, community-acquired
bacterial pneumonia (CABP) and community-acquired
pneumococcal pneumonia (CAPP) and CAP mortality,
age stratified analyses were performed in children (un-
der 17 years), adults (18 years and older) and the gener-
al population.

Descriptive epidemiological methods were used
to study long-term dynamics of CAP morbidity, in-
cluding bacterial etiology, CAPP and CAP mortality,
distribution of morbidity by age groups of the popu-
lation. Calculation of relative indices, average annual
growth/decline rates (Tgrowth/Tdecrease), regression equa-
tions, Spearman correlation coefficients, data analysis
and their graphical representation were performed us-
ing MS Office Excel 2010 (Microsoft Corp., USA).

Statistical significance of differences in relative val-
ues was calculated using confidence intervals with a sig-
nificance level of p < 0.05 (95% ClI).

RESULTS

The CAP incidence among different age groups
of the population in the Irkutsk region remained
ata high level. For the period 2011-2019, the incidence
rate for children (0-17 years) exceeded that of adults
and the general population by a factor of 2.3 and 1.7,
respectively. In 2020, a significant increase in the CAP
incidence rate among adults was registered. In the sub-
sequent period (2021-2022), the incidence rate among
adults decreased but exceeded that among children
(Table 1).

In analysing the CAP structure among laborato-
ry-confirmed cases within follow-up, the predominance
of CAP cases of bacterial etiology was observed - 78.4 %;
the exceptions were 2020 and 2022, where the share
of pneumonias of viral etiology was 84.2 % and 73.5 %,
respectively.

The dynamics of CAP morbidity incidence
of bacterial etiology during the observation period
was characterised by a decreasing trend among chil-
dren and adults. The incidence rate in children was
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higher and declined at a higher rate than in adults;
the average annual rates of decline were 9.3 per cent
and 5.8 per cent, respectively. In the multi-year fol-
low-up of child morbidity, the period 2018-2019 was
characterised by a significant increase in indicators:
the average level was 179.7 [125.6+233.8] per 100,000
population, in 2018 the incidence increased by 14.0 %
compared to the previous period, in 2019 - by 35.0 %.
In 2021, there was a significant decrease in the inci-
dence rate, the indicator was 21.4 [12.4+30.4] per 100
thousand population (the lowest level for the observa-
tion period); in 2022, a statistically insignificant increase
in the incidence rate was registered — 30.1 [25.4+34.8]
per 100 thousand population. Similar trends were ob-
served in the follow-up of adult morbidity. CAP inci-
dence of viral aetiology differed significantly between
the compared groups. Specifically, among the adult
population, the period 2011-2018 was characterised
by a consistently low incidence rate, with a long-term av-
erage annual indicator (LTAAI) of 9.4 [0+18.4] per 100,000
population. An increase in the rate to 18.8 [16.9+20.7]
per 100 thousand population was observed from 2019,
which continued in 2020 - to 721.9[709.7+734.1] per 100
thousand population. In 2021, the incidence rate was ob-
served at the 2019 level with a further increase in 2022.
In the long-term follow-up of the CAP incidence of viral
aetiology in children, the levels and periods of incidence
were distributed similarly to those of bacterial CAP: peri-
ods of decrease and growth alternated with each other.
In 2020, the CAP incidence of bacterial and viral etiolo-
gy was recorded at 80.2 [72.6+87.8] and 86.5 [78.3+94.7]
per 100,000 population, respectively. The lowest inci-
dence rate for the observation period was recorded
in 2021 - 3.2 [1.6+4.8] per 100 thousand population;
in 2022 there was another rise in the incidence rate
(statistically significant), the rate was 54.0 [47.6+61.6]
per 100 thousand population (Fig. 1).

The share of CAPP in the structure of bacterial CAP
was insignificant. In particular, the minimum level was
observedin 2013 and amounted to 0.4 %, the maximum

TABLE 1

in 2021 (11.0 %). According to the long-term average
annual values for the analysed period, the CAPP share
was 3.1 %, with a lower average for the period 2013-
2019 than for the period 2020-2022: 2.5 % and 4.6 %
respectively.

Since 2013, laboratory-confirmed cases of pneumo-
coccal pneumonia have been registered in the Irkutsk
region in reporting form No. 2. For the period 2013-
2022 LTAAI in the general population was 3.2 [1.9+4.5]
per 100,000 population, in children and adults
5.5[2.0+9.0] and 2.6 [1.4+3.8] per 100,000, respectively
(differences were not statistically significant). Analysis
of the comparison of CAPP long-term incidence rates
in adults and children showed an uneven distribu-
tion of indicators over the years with multidirection-
al trends. The following periods can be distinguished
in the follow-up of the CAPP incidence rate among
children: 2013-2017 - decrease in the incidence rate
(the average annual rate of decrease was 5.8 %, regres-
sion coefficient -0.6); 2018-2019 - significant growth
of indicators (growth rate (T owi) = 21.5 %; incidence
rate - 12.3 [10.8+13.8] and 19.3 [17.8+20.8], respec-
tively); 2020-2022 - sharp decrease in the incidence
rate (decrease rate - 27.8 %). Over the period 2013-
2022, the CAPP adult incidence trends show an excess
of 1.3 times the LTAAl in 2015 and 2018 and 3.7 times
the LTAAI in 2021. In 2022, the incidence of pneumo-
coccal pneumonia in the comparison groups was 0.5
per 100,000 (Fig. 2).

Among children of different age groups,
the highest incidence rates of CAPP were registered
in the age groups under 1 year and 1-2 years, LTAAl was
12.1 [0+31.8] and 17.1 [4.1+30.1] per 100,000 popula-
tion, respectively. It is worth noting that in 2018-2019,
an increase in incidence rates was observed among
children of all age groups. The maximum incidence
rate was observed in 2019 in children under 1 year old
and was 103.7 per 100,000 population (Table 2).

One oftheimportantareasthat characterise the ep-
idemic process manifestations of an infectious disease

COMMUNITY-ACQUIRED PNEUMONIA INCIDENCE AMONG DIFFERENT POPULATION GROUPS COMPARED

BY PERIODS (PER 100,000 POPULATION)

Population groups

528.4*
[437.3+619.5]

Total population

Children under 17 years old

411.3*
[325.5+497.1]

Adult population (persons over 18 years of age)

2011-2019 (LTAAI)

928.5*
[786.8+1070.2]

2020 2021-2022 (LTAAI)
1400.5* 685.7*
[1385.8+1415.2] [454.8+916.6]
7324 569.6*

[710.6+754.2] [488.3+704.7]

1613.1%
[1595.1+1631.1]

711.9*
[350.7+1073.1]

Note. LTAAI - long-term average annual indicator; * - statistically significant differences by observation periods.
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FIG. 1.

Long-term follow-up of the incidence of community-acquired bacterial and viral pneumonia in children (a) and adults (6) in the Irkutsk

region for the period 2011-2022 (per 100,000 population)

FIG. 2.

Long-term incidence rate of community-acquired pneumococcal pneumonia in children, adults and the total population of the Irkutsk

region for the period 2013-2022 (per 100,000 population)

is the assessment of the mortality rate of the popu-
lation. In 2020, CAP mortality rates were lower than
2011-2019 levels in the general population, children,
and adults by a factor of 1.7, 7.8, and 1.7, respec-
tively. In contrast, in 2021 among adults and the to-
tal population, the rate was 2.5 and 2.4 times higher
than the 2020 level, respectively; and the 2011-2019

level was 1.4 times higher than the 2020 level.
The specific volume of bacterial CAP in the structure
of CAP mortality during the observation period var-
ied from 7.4 to 18.1 %, with the minimum level being
observed in 2020-2021. CABP mortality rates among
the compared groups ranged from 0.5-4.8 per 100,000
population. Among children for different periods
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the rate did not exceed 1.0 per 100 thousand popula-
tion, among adults — a decrease in the mortality rate
in 2020-2021 was observed (Table 3).

The coverage of the Irkutsk region total popula-
tion with preventive vaccinations during the anal-
ysed period was at the level of 4.0-8.0 %. Vaccination
rates among children increased annually from 14.0 %
to 22.0 %. The total number of people vaccinated
against PD in the total population for 2013-2022 was
401,812 (17.0 % of the 2022 population), among them
262,733 children (53.4 % of the 2022 child population).

The number of people vaccinated against
pneumococcal infection was unevenly distribut-
ed by year. The CAP incidence rate among chil-
dren from the onset of vaccination till 2022

TABLE 2

decreased 1.7-fold from 1266.6 [1254.9+1278.3]
to 715.3 [692.0+738.6] (p < 0.05; Fig. 3). During
the period analysed, there was an inverse correla-
tion between the number of children vaccinated
and the number of children sickened with CAP, CABP
and CAPP (p = -0.555; p = -0.139; p = -0.382, respec-
tively); the differences were not statistically significant
(p>0.05).Unlike children,amongthe adult population,
the incidence of VP increased 1.2 times over the same
period - from 436.7 [427.5-445.9] to 527.6 [517.3-
537.9] (p < 0.05). A statistically non-significant di-
rect correlation was revealed between the number
of vaccinated persons and the number of CAP, CABP
and CAPP cases (p = 0.636; p = 0.345; p = 0.227, re-
spectively; p > 0.05).

FOLLOW-UP INCIDENCE RATE OF COMMUNITY-ACQUIRED PNEUMOCOCCAL PNEUMONIA IN CHILDREN
OF DIFFERENT AGE GROUPS IN 2013-2022 (PER 100,000 ELIGIBLE CHILDREN; 95% Cl)

Periods
Age groups LTAAI
2013-2017 2018-2019 2020-2022
Up to 1 year 2.7 [1.1+4.3] 51.8[0+153.3] 1.8 [0+4.1] 12.1[0+31.8]
1-2 years 8.7%[5.0+12.4] 57.2* [54.5+59.9] 0.9[0+7.7] 17.1[3.8+30.4]
3-6 years old 3.2[2.5+4.9] 8.2[1.6+14.8] 0 3.2[1.2+4.3]
7-14 years old 3.7 [0.8+6.6] 5.1[0+11.7] 0.5[0.2+0.8] 3.0[0.9+5.1]
15-17 years old 3.2[0.5+5.9] 2.9[0+8.5] 0.6 [0+1.3] 2.3[0.8+3.8]

Note. * - statistically significant differences by observation periods.

TABLE 3

MORTALITY CAUSED BY COMMUNITY-ACQUIRED PNEUMONIA, INCLUDING BACTERIAL PNEUMONIA,
AMONG DIFFERENT POPULATION GROUPS COMPARED BY PERIODS (PER 100,000 POPULATION)

2011-2019 (LTAAI)

Population groups

CAP
. 37.8*
Total population 35.4-40.2]
Children under 17 years old 397
[2.3+5.5]
Adult population 47.8%
(persons over 18 years of age) [44.7+50.9]

Note. * - statistically significant differences by observation periods.

2020 2021
CABP CAP CABP CAP CABP
3.8% 21.4*% 1.7* 51.8* 2.2
[3.0+4.6] [19.6+23.2] [1.1+2.3] [48.9+54.7] [1.6+2.8]
0.4 0.5% 0 1.2 0.5
[0+0.8] [0+1.1] [0.4+2.0] [0+1.1]
4.8* 27.2* 2.2% 67.7% 3.2
[3.8+5.8] [24.8+29.6] [1.6+2.8] [64.0+-71.4] [2.2+4.2]
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One of the objectives of vaccine prophylaxis
at the present stage is to reduce mortality caused by in-
fections. Over the period 2011-2019 in the total pop-
ulation, CAP mortality decreased from 56.1 [53.2+59.0]
to 15.2 [13.6+16.8] per 100 thousand (differences
are statistically significant). An inverse correlation
of medium strength between the number of vacci-
nations and mortality rate was observed for each
year (p = -0.614; p > 0.05). In 2020-2021, an increase

FIG. 3.

in the indicator is observed with the maximum val-
ue in 2021 - 51.8 [48.9+54.7] per 100 thousand pop-
ulation. Among children, there was a pronounced
downward trend in this indicator: the average annu-
al rate of decline was 8.4 %, regression coefficient
-0.82. In 2020, the indicator was 7.6 times lower than
in 2011. There was a weak inverse correlation between
the number of vaccinated and CAP deaths (p =-0.214;
p > 0.05) (Fig. 4).

Long-term incidence followed-up of community-acquired pneumonia and the number of children (a) and adults (6) vaccinated against
pneumococcal infection in the Irkutsk region for the period 2013-2022 (per 100,000 population)

FIG. 4.

Long-term dynamics of mortality caused by community-acquired pneumonia and the number of children vaccinated against pneumo-
coccal infection in the Irkutsk region for the period 2011-2021 (per 100,000 population)
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DISCUSSION

The incidence of community-acquired pneumonia
in Irkutsk region was observed at a high level in dif-
ferent periods of observation. Against the background
of the COVID-19 pandemic, the incidence rate has
increased and the age groups at risk have changed,
which has also been observed in studies [3, 7, 12].
In the Irkutsk region, as well as in the Russian Federa-
tion as a whole, in 2020 the maximum CAP incidence
rate among adults was observed, which is associated
not only with the selective effect of the SARS-CoV-2 vi-
rus, but also with the approaches to statistical record-
ing and registration of COVID-19 infection: this disease
was not registered as an independent nosological
form, and all manifestations of the new coronavirus
infection were counted either as community-acquired
pneumonia or in the group of acute respiratory infec-
tions of the upper respiratory tract [12]. The CABP in-
cidence was higher compared to viral among different
populations. Accordingly, the long-term average annu-
al indicator for CAP of bacterial etiology exceeded that
for CAP of viral etiology among children and adults
by 4.8 and 1.7 times, respectively; the periods of growth
and decline in the multi-year follow-up coincided. This
distribution of CAP by etiological agent is explained
by a wide range of typical and «atypical» bacteria
and their associations (pneumococci, Klebsiella, chla-
mydia, mycoplasmas, Staphylococcus aureus, Pseudo-
monas bacillus, etc.) [1, 3].

The proportion of laboratory-confirmed pneumo-
coccal pneumonia and pneumococcal infection, ac-
cording to different authors, varies between 4-45 %
[3, 6, 13]. The results of this study reveal a very low
proportion of laboratory-confirmed CAPP cases
(0.4-6.4 %) among the reported cases, with a signifi-
cant increase (11.0 %) during the period of COVID-19
infection, which may be associated with an increase
in the number of laboratory tests performed [12].

An increase in the incidence rate of CAPP in chil-
dren was revealed in 2018-2019; the average an-
nual rate of increase was 21.5 %. In the region, this
period was characterised by an increase in the inci-
dence of influenza and respiratory tract infections
among the population [12]. The increased incidence
of CAPP in adults in 2021 is also likely to be asso-
ciated with the adherence of bacterial infections
in the spread of COVID-19 [7].

Against the background of increased incidence
rate, a high level of mortality from CAP persisted.
Among adults, the rates were significantly higher
at different periods and ranged from 27.2 to 67.7. No
data is available to study the dynamics of mortality
from pneumococcal pneumonia according to statis-
tical reporting forms due to the lack of information
in them. According to the results of sample studies
conducted earlier in the Irkutsk region [14], the pro-
portion of laboratory-confirmed cases of fatal pneu-
mococcal pneumonia was 30 %.
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According to the Order of the Ministry of Health
of the Russian Federation No. 1122H, children aged 2
and 4.5 months should be vaccinated twice against
PD, followed by revaccination at 15 months of age.
For epidemic reasons, vaccination is indicated for chil-
dren 2-5 years of age and adults at risk (persons over
60 years of age suffering from chronic lung diseases,
persons over working age living in social service or-
ganisations and persons subject to military conscrip-
tion). Pneumococcal conjugate vaccines (PCV) have
been recommended for routine immunisation of chil-
dren, and their use helps to reduce the incidence
and carriage of PD in the general population. A sin-
gle administration of polysaccharide pneumococcal
vaccine (PPV) or sequential administration of PCV
and PPV at 1-year intervals is recommended for im-
munisation of adults at risk, depending on the pres-
ence or absence of immunocompromising conditions
and comorbidities [3, 5, 15, 16].

In the region, prophylactic vaccination coverage
against PD has increased among the general popu-
lation and children to 8.0 % and 22.0 %, respective-
ly, since the introduction of vaccination. The effect
of vaccination on the incidence of CAP and CAPP
has been shown in studies [5, 9, 15]. The results
of the study revealed a statistically significant reduc-
tion in bacterial CAP in different population groups
(105.7 [101.2+110.2] and 30.1 [27.6+32.6] among
adults; 349.8 [332.4+367.2] and 22.8 [18.7+26.9]
among children). CAPP incidence rates were recorded
an order of magnitude lower and were unevenly dis-
tributed in follow-up. There was an inverse correlation
with the number inoculated (p =-0.382; p > 0.05). One
of the reasons for the increased incidence of adult
CAP against the background of vaccination against
PD and other infectious diseases (influenza, COVID-19)
may be the difficulty in organising vaccination work
among these populations, including an increase in pre-
ventive vaccination coverage rates as a consequence
of low vaccination adherence [17].

The decrease in mortality from pneumonia against
the background of vaccination is clearly traceable
and consistent with the data of other researchers
[1, 3, 16]. An inverse significant correlation was ob-
served between the number of vaccinated persons
and the number of CAP deaths in the general popu-
lation and among children by year (differences were
not statistically significant; p > 0.05), which is probably
associated with the short period of observation. No
doubt, other therapeutic, diagnostic and preventive
measures also have an impact on the reduction of CAP
mortality. However, vaccination of the population
against PD should not be ruled out.

CONCLUSION

Despite high levels of CAP morbidity, a statisti-
cally significant decrease in the incidence for CAP



of bacterial aetiology among different age groups
of the population was revealed. The decline in CAP
mortality has continued since the introduction of PD
vaccination. However, the insignificant share of pneu-
mococcal pneumonias in the structure of CAP, uneven
distribution of morbidity rates by population groups,
and lack of registration of CAPP as a cause of death
in statistical forms of Rosstat (Russian Federal State
Statistics Service) make it difficult to assess the objec-
tive epidemiological situation and the effectiveness
of vaccination.

The results of the study can be used at the region-
al level to optimize epidemiological surveillance, pri-
marily in terms of microbiological monitoring of cas-
es of illness and death from CAP, CABP, CAPP; as well
as epidemiological control of PD, aimed at increasing
the coverage of preventive vaccination against PD
in different population groups, timeliness of immuni-
zation and formation of adherence to vaccination.
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HISTORY OF MEDICINE AND ANNIVERSARIES

TO CELEBRATE THE 500TH ANNIVERSARY OF THE BIRTH OF GABRIELE FALLOPIO
(1523-1562)

Fominykh T.A., ABSTRACT

Kutia S.A.,

Ulanov V.S., The article is dedicated to the 500" anniversary of the birth of the greatest physi-
Moroz G.A cian and scientist of the 16" century Gabriele Falloppio (Fallopius), a revolutionary

morphologist who made an invaluable contribution to the development of science,
and one of the founders of fundamental anatomy. Although Falloppio is primari-
ly known as an anatomist who described the uterine (“fallopian”) tubes, his range
V.l. Vernadsky Crimean Federal University o interests was much wider, and his contribution to anatomy was substantially more
(Vernadskogo ave. 4, Simferopol 295007, sjgnificant. Fallopius made many important discoveries in anatomy, and a number
Republic of Crimea, Russian Federation) of anatomical structures bear his name. Also, Gabriele Falloppio was a talented teach-
er and a renowned medical practitioner, surgeon and pharmacist. It should be espe-
cially noted that Fallopius considered himself an apprentice of Andreas Vesalius. There
is no data confirming the fact of their personal acquaintance, but there is documentary
evidence of short-term correspondence between Fallopius and Vesalius. In his famous
Corresponding author: work “Anatomical observations” (“Observationes anatomicae’; 1561), Fallopius pointed
out Vesalius’ mistakes and inaccuracies in anatomical descriptions, subjecting his “De
humani corporis fabrica” to correct criticism. Vesalius’ reply with compliments to Fal-
lopius as a scientist has been preserved. In any case, the undoubted fact is that Fallopius
was an adherent of Vesalius’ methods in applied science and the teaching of anatomy,
and consistently introduced them into practice throughout his life.
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K 500-JIETUIO CO AHA POXKAEHWUA TABPUISJIE ®AJIJIOMNNO (1523-1562)

®OomuHbIX T.A,, PE3IOME

Kyta C.A.,

YnaHos B.C., Cmames noceaweHa 500-1emuto co OHA poxoeHus genudaliwe20 8paya u y4éHo20
M opo3 rA XVI eeka [abpusne Qannonuo (Oannonus), pegostoyuoHepa-mopghosoa, BHECWE20

HeoueHUMBbIU 8K/1a0 8 pazsumue Hayku, 0OHO20 U3 ocHogamesnel hyHOamMeHmMarslb-
Hol aHamomuu. Yl xomsa npexoe 8cezo QOannonuli uzeecmeH KaKk dHamom, onucas-
wuli MamouyHsle («ghannonuessi») mpybbl, Kpy2 UHMepecos y4éHo2o bbli 20pa3do

OTAOY BO «Kpbimckmii penepanbHbii wupe, a 8k1a0 8 AHAMOMUIO — Hecousmepumo 6osee 3HayumesnsHeiM. Oanmonudi
yHuBepcuTet umeru B./. BepHaackoro» €0es1a/1 MHOXeCmaeo 8aXXHbIX OMKpbImuli 8 AHAMOMUU, pA0 dHAMOMUYeCKUX CMpyK-
(295007, Pecniy6nnka Kpbim, myp Hocam e2o ums. Kpome moezo, labpusne Gannonuo 66l ManaHmaUEsIM neda-
r. Cumdeponons, 2020M U U38ECMHBIM NPAKMUKYIOWUM 8pAyoM, Xupypeom u papmagesmom. Oco6o
np. Akaaemuka BepHapckoro, 4, Poccns) crnedyem ommemume, ymo Oannonuti cauman cebsa y4eHukom AHOpeaca Besanus.

JaHHbIx, noOmeepxoarouwux ¢pakm auyHo2o 3Hakomcmea Dannonus u Besanus,
He umeemcs, HO eCmb 0OKyMeHMAnbHOe noomeepxoeHue KpamkospeMmeHHOU ne-
penucku ynoMaHymelx y4éHslx. B ce0ém 3HameHUmom mpyoe «AHamomuyeckue Ha-
6rooeHus» («Observationes anatomicae», 1561) @annonuli ykaszan Ha owubku Be-
3a/1UA U €20 HeMOYHOCMU 8 AHAMOMUYeCKUX ONUCAHUAX, ho08ep2HY8 KOppeKmHoU
Kpumuke ge3asnuesckyto «De humani corporis fabrica». CoxpaHunca omeem Be3zanus
¢ kKomnaumeHmamu e adpec Gannonus Kak y4éHozo. B irobom cyyae, HeCOMHEHHbIM
¢akmom sengemca mo, umo @annonuli 6bin npusepxeHyem Memoodos Besanus
8 NpuUKIAOHOU Hayke U npenoddsaHuu aHamMomuu U nocse008amesibHO 8HeOpAs
UxX 8 NPAKMUKY HA NpOMsiXXeHUU 8celi coell XU3HU.

ABTOp, OTBETCTBEHHbII 3a Nepenucky:
KyTta Cepreit AHaTONbeBUY,
e-mail: sergei_kutya@mail.ru

Knioueavie cnoea: ucmopus aHamomuu, ucmopus meouyuHsl, [abpusne Oannonuo,
¢annonuessl mpy6bl, MEOUYUHCKAA MepMUHOI02Us

Cratba nocrynuna: 30.05.2023 Ona yntuposBanua: QomuHbix T.A., Kyta C.A., YnaHos B.C., Mopo3 'A. K 500-neTuto co gHA
Cratba npuaTa; 04.03.2024 poxpeHus labpuane Qannonuo (1523-1562). Acta biomedica scientifica. 2024; 9(1): 251-
(raTba onybaukoBaHa: 26.03.2024 258. doi: 10.29413/ABS.2024-9.1.25
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The year 2023 marks the 500" anniversary
of the birth of Gabriele Falloppio (Latinized - Fallopius;
1523-1562) (Fig. 1), an eminent physician and morpholo-
gist, rightly considered one of the fathers of fundamen-
tal anatomy.

FIG. 1.

Gabriele Fallopio of Modena (Gabriele Fallopius Mutinensis).
Portrait from the library of the botanical garden of the University
of Padua, Italy [1]

For 1400 years, anatomists and surgeons, blindly fol-
lowing the voluminous writings of Galen (131-201), «<saw
what they believed» [2]. Galen did a lot of dissections
and experiments, mostly on pigs and monkeys, because
in those days dissection of humans was forbidden, which
was the reason for the fallacy of many of his views. There
were many excellent things in his writings — good descrip-
tions of the skeletal and muscular systems, experimental
studies of the function of the spinal cord by dividing it into
successive levels in the pig, and so on. However, his views
on blood circulation, for example, were pure conjecture,
not to mention the fact that due to the lack of human
material for study Galen had to extrapolate the features
of the structure of animal organs to human anatomy [3].
For centuries, the study of human anatomy was reduced
to the professor reading out Galen texts and students
memorizing them, and the autopsy, if performed at all,
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was performed by an assistant (demonstrator). The pro-
fessor, for example, described the kidney as lobular
and the liver as consisting of five segments (as in the pig
and thus as in Galen’s descriptions), although both or-
gans presented during autopsy were smooth.

At the end of the first half of the 16" century, Andreas
Vesalius (1514-1564) revolutionised traditional teaching
methods. He taught at Padua, where he was appointed
professor of anatomy at the age of 23. Vesalius personal-
ly dissected the human body and instilled in his students
the truth that it was necessary not to «see what they be-
lieve» but to «believe what they see.» One of the merits
of Vesalius is that he dared to criticize the anatomical
views of Galen [4-7].

After Vesalius left the chair in 1544, the place was taken
by his student Matteo Realdo Colombo (1516-1559), who
continued the tradition of teaching his teacher. Colom-
bo soon moved to the chair of anatomy in Pisa and then
Rome, and in Padua he was replaced by another follow-
er of Vesalius, Gabriele Fallopio, better known by his Lati-
nized name Fallopius. He accepted a position as professor
of anatomy and surgery, and became head of the botany
department (in those days, it was not uncommon for one
versatilely gifted scientist to hold several positions).

Gabriele Fallopio was born in 1523 in Mode-
na, an ancient city in Emilia-Romagna, Italy. He came
from an impoverished noble family. His father Girolamo
Fallopio was a jeweler by trade, but was in the military ser-
vice for a number of years. It is also known that the mother
of the future luminary of science was named Katerina Ber-
gozzi. After the death of his father from syphilis, the family
became impoverished, Gabriele was unable to continue
his liberal arts education because of financial problems,
and in 1542 he became a priest, following his uncle’s ex-
ample, in his parish of the Episcopal Church in Modena.
However, the priesthood did not enthuse young Fallopi-
us, although it improved his financial situation. After a few
years he gave up his ministry and decided to devote him-
self to medicine [8, 9].

Having received an elementary liberal arts education,
Fallopius became interested in anatomy, and, since there
were no medical schools in Modena, he studied texts
by Galen and Berengario da Carpi on his own, at the same
time performing dissections of animals for educational pur-
poses [10, 11].In 1544, at the age of 21, Fallopius performed
his first autopsy on a human cadaver under the leadership
of Niccolo Macella. In those times, despite the liberalisa-
tion of the church’s attitude to anatomical dissections
(Pope Sixtus IV (1471-1484) was the first to allow dissec-
tion of human cadavers, namely the bodies of executed
criminals, and then Pope Clement VIl allowed to expand
the scope of dissection possibilities), permission to dissect
human beings was rarely granted to anyone, and it was
necessary to have, besides a great desire to study anato-
my, also influential friends to carry out one’s intentions [10,
12]. Still, the 16th century was marked by the wide access
of morphological scientists to dissection of the human
body, which led to significant progress in the development
of anatomy and medical science in general.

History of medicine and anniversaries



In 1545 Fallopius moved to Ferrara, where his teach-
ers were Giovanni Battista Canano (1515-1579) and An-
tonio Musa Brassavola (1500-1555), the famous surgeon
who first successfully performed tracheotomy. In parallel
with his studies, Fallopius practised surgery for a time,
but because of a number of lethal outcomes he aban-
doned the practice and resumed it only after being ap-
pointed head of the department of anatomy and surgery
at Padua a few years later. In Ferrara from 1548 to 1549,
Fallopius served as acting head of the department
of pharmacy [9].

After Ferrara, Fallopius continued his activities
at the University of Pisa, where in 1549, on the recom-
mendation of the Duke of Florence Cosimo de’ Medi-
ci, he became a lecturer and received the title of pro-
fessor of anatomy [13]. Here he resumed the practice
of surgery and taught anatomy until 1551. It should be
noted that despite the efforts of the university admin-
istration to bring back the old ways of teaching based
on Galen’s texts, Fallopius taught in the progressive style
of the school of Andreas Vesalius, in which he was warm-
ly supported by the local students. The story survives
of how in 1555 the university authorities attempted to re-
vive the old style of anatomizing prescribed by statute,
i.e., the junior lecturer was to read Mondino’s “Anatomy”
and the senior, Professor Vettor Trincavella (1490-1563),
the theoretical lectures. Thus, Fallopius’ role as an anat-
omist would have been downplayed. Trincavella’s per-
formance was eventually interrupted by students loudly
chanting “vogliamo il Fallopio” (“we want Fallopio”), after
which anatomy was completely in his hands [14]. Fallopi-
us was a very bright teacher, with his character and man-
ners he made a lasting impression on his contemporaries,
all the more so when combined with an innovative ap-
proach to the educational process [3].

In parallel with teaching, Fallopius continued scientific
research, dissecting with Medici’s permission the corpses
of lions in the Florence zoo, as a result of which he refuted
Aristotle’s opinion that these animals have no bone mar-
row [14]. While in Pisa, Fallopius conducted experiments
to study the effects of opium, which was used at the time
to carry out the execution of those condemned to death;
as a result, the scientist was accused of vivisecting a hu-
man being (in those days, such things happened to scien-
tists-morphologists, in particular with Vesalius).

Then Fallopius moved to Padua, where in 1551, by or-
der of the Venetian Senate, he headed the chair of anato-
my, surgery and botany at the famous university. In 1556,
Fallopius was admitted to the Medical College of Venice.
Throughout his career, Fallopius performed quite a few
dissections of human cadavers (he was allowed to dissect
up to 7-8 cadavers per year) and animals - not only adults,
but also fetuses, newborns, infants, and children - which
allowed him to accumulate a large information baggage
on anatomy [9].

In 1561, Fallopius published his work “Anatomical
Observations” (“Observationes anatomicae”). The orig-
inal plan was to publish a voluminous illustrated trea-
tise, but the scientist’s friend Pietro Manna (physician

to the Duke of Milan Francesco Sforza) advised him not
to delay the publication of his discoveries, otherwise one
of his contemporaries-colleagues would beat him to it.
Thanks to this, a small book without illustrations was soon
published, which later turned out to be the only one
printed during Fallopius’ lifetime and dedicated to his
friend Pietro Manna [10, 11]. This work, in the best Ve-
salian tradition, describes a number of discoveries he
made in human anatomy. These include a detailed de-
scription of the canal of the facial nerve («Fallopian aque-
duct» or «aquaeductus Fallopii») and the chorda tympani
(a branch of the facial nerve), as well as the «Fallopian hia-
tus» (in which the greater petrosal nerve passes), the bony
labyrinth of the inner ear and, in particular, the semicir-
cular canals and the cochlea. He first described the tym-
panic membrane and its relationship with surrounding
bony structures. At that time two auditory ossicles were
known, and Fallopius is the discoverer of the third of these,
the stirrup. He also described the round and oval windows
(fenestrae) and their communication with the vestibule
and cochlea. Fallopius first discovered the communication
between the mastoid cells and the middle ear [9]. These
discoveries were realized thanks to a particularly careful
method of dissection, developed by Fallopius and funda-
mentally different from the methods of his predecessors,
who traditionally examined the skull cavity during autopsy
in the last turn, which left no chance of freshness of the con-
tents of the skull. Additionally, Fallopius used the most
gentle methods of access to the base of brain and used
special sharp-ground miniaturised instruments [10]. Fal-
lopius more thoroughly than other researchers studied
the ways of outflow of lachrymal fluid, described the to-
pography of the ethmoid bone and the communication
of its cells with the nasal cavity, as well as the structure
of the sphenoid bone. Fallopius was also the first to de-
scribe the muscles of the soft palate, pharynx, and the py-
ramidal (later Fallopian) muscle [9]. He was the first to de-
scribe the anastomotic arterial ring at the base of brain,
now known as the Willis’ circle (polygon), in 1561, almost
a century before Thomas Willis (1621-1675) [15]. Along
with the above-mentioned topics, the book contains
a section with a detailed description of the anatomy
of female genital organs - vagina, hymen, ovaries, cli-
toris, and, of course, uterine tubes, which later received
the name «Fallopian tubes» in honour of the scientist [6,
9]. The Russian translation of the fragment describing
the fallopian tube can be found in our previous study
[16]. Moreover, Fallopius described an obstetric anomaly
in which the embryo implants in one of the tubes (ecto-
pic, or tubal, pregnancy). To be fair, it should be noted that
the fallopian tubes, although named after Fallopius, were
described more than 1800 years earlier by Herophilus (al-
though the latter erroneously believed that the function-
al role of the tubes is reduced to the transport of «female
sperm» from the ovaries to the bladder). It was Fallopius
who corrected this error many centuries later. But the in-
guinal ligament should rightfully be called the Fallopian
ligament (although in a number of sources the inguinal
ligaments are called «Fallopian arches»), because our hero
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described it half a century before the French anatomist
Francois Poupart (1661-1709) [12, 17, 18]. It should be es-
pecially noted that Fallopius, like Galen and Vesalius, found
similarities between the male and female genital systems
and noted the analogy between the clitoris and the penis,
as well as common structural features of fallopian tubes
and seminal ducts, but he interpreted the similarities
and differences more correctly [9]. The scientist refuted
the view that the ovary contains sperm and that the fal-
lopian tubes are the functional analog of the male ejacu-
latory ducts; in his book in 1561, he wrote that the ovary
contains oocytes that are fertilized by male sperm [13].

The interests of Fallopius covered practically all
the systems of the human organism: nervous, vascu-
lar, digestive, urinary reproductive - as well as the pat-
terns in their development. He described the ileocecal
(named the Fallopian valve in his honor) valve, discov-
ered the valvulae conniventes and the villi of the small
intestine. He also paid much attention to the intricacies
of the structure of the kidneys (first describing the tubules
and calyxes), ureters, and bladder, being the first to point
out the three-layered architecture of its muscular tunic
[9]. Fallopius made a significant contribution to anatomi-
cal terminology: he gave scientific names (which are still
preserved today) to the vagina and placenta, proposed
the terms “cochlea’, “labyrinth”, “hard and soft palate”,
“tympanic membrane’,“cricoid cartilage”. His descriptions
of the trochlear, trigeminal, vestibulo-cochlear and glos-
so-pharyngeal nerves were the best for his time [3]. Al-
thoughitwasnotasystematic textbook, it covered awide
range of subjects with an emphasis on the skeleton, es-
pecially the skull, and muscles. In addition to the above
organs and structures, the book contains descrip-
tions of the carotid and vertebral arteries, the muscles
of the head and neck (including the muscles of the ex-
ternal ear and masticatory muscles), as well as the mus-
cles of the eyeball, and some muscles of the trunk
and extremities. The scientist also touched upon the pe-
culiarities of the structure of the scalp and face [9, 14].

Fallopiuslaid the foundations of embryology by inves-
tigating the process of tooth development (he described
the tooth premordium and the process of replacing de-
ciduous teeth with permanent teeth) and the mechanisms
of primary and secondary ossification in the sternum, skull
bones, and pelvic bone [6, 9]. He tried to explain the pat-
terns of organismal development by studying the anato-
my of embryos, fetuses, children and adults, thus intro-
ducing embryology as a method of studying anatomy.
This method was then refined by two of his most famous
students, Hieronymus Fabricius (Fabricius ab Aquapen-
dente or Girolamo Fabrizi d’Acquapendente, 1533-1619)
and Volcher Koyter (1534-1576) [12].

It is known that Gabriele Fallopio considered himself
a disciple of Vesalius. Although in reality their acquain-
tance was limited to a short correspondence, in February
1561 Vesalius received a copy of Fallopio’s “Anatomical
Observations” with additions and corrections to Vesalius's
Fabrica. By the end of the year, Vesalius had compiled a re-
sponse to the “Anatomicarum Gabrielis Fallopii Observum
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Examen’, commonly referred to as Examen. Vesalius was
quite upset by Fallopius’s reckless arrogance to criticize
him; in his letter he tried rather clumsily and unsuccess-
fully to refute the Italian’s arguments. But despite this, he
recognized Fallopius as an equal in anatomical sectional
practice [7, 13]. In hard times for Andreas Vesalius, when
almost everyone turned away from him, and, in particu-
lar, the mentioned Colombo became one of the most
zealous critics and persecutors of the scientist, only Ga-
briele Fallopio not only did not deny Vesalius, but, coming
to the position of his predecessor in the chair at the Uni-
versity of Padua Realdo Colombo, called himself a fol-
lower and disciple of Vesalius and restored his traditions
in teaching and science [19].

Notwithstanding the fact that Fallopius was a zealous
follower of Vesalius, in his book he noted a number of errors
and inaccuracies made by his idol, but he pointed them
out in a mild and friendly manner, unlike his much more
rigid contemporaries, including Vesalius himself, who crit-
icised Galen quite sharply. In particular, Fallopius clarified
information about the structure and function of the round
ligament of the uterus, which Vesalius mistakenly believed
to be a muscle; Fallopius also determined that the inferior
vena cava drains blood from the liver, not the heart, and in-
dicated the correct direction of the outflow of bile (Vesalius
believed that the bile ducts open into the stomach). His-
torians of medicine believe that Fallopius made more dis-
coveries than Vesalius, and Fallopius'research is more accu-
rate. For example, Daremberg (Daremberg C.V., 1817-1872)
in his “Histoire des Sciences Medicales” (Paris: Baillie're,
1870) states, “Fallopius had the genius of invention, Vesalius
the genius of method; in other words, Fallopius had genius,
Vesalius had only knowledge!” And if in honor of Fallopius
is named many anatomical formations, the name of Vesa-
lius - only a small non-permanent hole in the large wing
of the cuneiform bone. Fallopius, however, did not publish
such a voluminous work as Vesalius, and did not attach
much importance to illustrations, but he was the most
serious researcher of anatomy, “the great tireless inven-
tor” as Haller (Albrecht von Haller, 1708-1777) called him,
and in the polemic with Fallopius, the impartial critic Vesali-
us admits that his opponent was often right [5, 20].

In his book, Fallopius, following Vesalius, corrected
the errors of Galen, who based most of his observations
on the results of animal autopsies. This required a special
courage, because in those days the ideas of Galen were
dominant in anatomical science, and to contradict them
was tantamount to heresy. Galen, in particular, believed
that the lower jaw was made up of two bones, the sternum
was made up of seven fragments, and the humerus was
the second largest bone in the body after the femur. These
(and a number of other) misconceptions were corrected
by Fallopius [4, 9, 20].

Besides «Observationes anatomicae», following Fal-
lopius’ death, books on anatomy “Exsitio in librum Galeni
de ossibus” (1570), “Observationes de venis” (1570), “De
humani corporis anatome compendium” (1571) and “De
partibus similaribus humani corporis” (1575), based on his
lecture notes, were published [8].
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A superb morphologist, Fallopio was also an equally
outstanding clinician. He established the unity of the dis-
ease manifestations and refuted the hypotheses of oth-
er scientists who based its occurrence on the disorder
of circulation and relationships of the main «humors»
(fluids) [20]. Among the most famous studies of Fallopius
is the study of the clinic, differential diagnosis and treat-
ment of syphilis. And, it should be noted, perhaps his
most famous clinical achievement was the introduc-
tion of the condom and concurrently conducted one
of the first clinical trials at the time. According to the sci-
entist himself, he tested the effectiveness of his proposed
«device» - a small cloth pouch impregnated with a special
composition — on 1100 men who had intimate relations
with courtesans who were sick with syphilis, and then
put the pouch on the organ for disinfection. As a result
(according to the same Fallopius) none of the partici-
pants of the experiment were infected with the disease
that was rampant at that time. The treatise «De Morbo
Gallico Liber Absolutississimus» was published in 1564
and then repeatedly reprinted [8] (Fig. 2).

Another important contribution of Fallopius to clin-
ical practice was the treatment of nasal polyps: he was

FIG. 2.

the first physician to use an ear mirror and to use sulfu-
ric acid to remove polyps from the external ear canal. He
wrote, but did not manage to publish, a number of prac-
tical manuals: treatises on ulcers, tumors and surgery,
several therapeutic treatises on baths and thermal wa-
ters, on laxatives and on the composition of medicines,
and a set of commentaries on Hippocrates’ “On Head
Wounds”. These documents were manuscripts of Fal-
lopius’ lectures. In 1575, years after the author’s death,
they were published in Nuremberg by Volcher Koyter
[8, 9, 16, 22]. With regard to infectious diseases, Fallopi-
us, recognizing individual differences in susceptibility,
declared that for ten persons exposed to an infection
there were scarcely four who would become infected;
thus, his great authority contributed to lessen the terror
which epidemics inspired in Italy. As a successful surgeon
as well as an anatomist, Fallopio was a masterful surgeon
and recommended to his students the safe use of a tro-
car to puncture the anterior abdominal wall for ascites:
that is, in the immediate vicinity of the iliac fossa rather
than in the periapical region, as was commonly practised
at the time. Fallopius ligated vessels and achieved rapid
wound healing by using simple medicines [13, 20].

Title page of “De Morbo Gallico Liber Absolutissimus” 1566 edition (photo by Federica Viazzi) [21]
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Among other things, Gabriele Fallopio served as direc-
tor of the Padua Botanical Garden, the oldest in Europe,
where he conducted research concerning the use of plants
in pharmaceuticals. The plant genus Fallopia is named
in his honour [12, 22].

With all this, Fallopius was dissatisfied with the salary
he received while working in Padua, and in 1561 the schol-
ar negotiated with the University of Bologna to move
there with a salary of 400 scudi, which was double his
previous income. But the move never materialized due
to his sudden death at the age of 39 [9]. The cause of death
of the great scientistis not precisely established. It is known
that from 1556 to 1557, Fallopius suffered from chronic fa-
tigue. By then, he had developed a chronic lung infection
and, as he taught anatomy mostly in winter, his health
was affected [12]. Some biographical works mention
a probable complication of the scientist’s hand wound
during the autopsy or a «prolonged lung disease» and,
alternatively, pleurisy, but the most likely hypothesis is
tuberculosis. The great physician and anatomist was bur-
ied in the church of St. Anthony in Padua, but later, al-
ready in the XVIII century, due to repair work, the remains
of Gabriele Fallopio were moved to a nearby monastery
and placed in the tomb of his friend Melchior Guilandino
[12,13] (Fig. 3).

The story of a succession of anatomy pioneers doesn't
end there. One of Fallopius’ students, the Dutchman Vol-
cher Koyter, became one of the founders of comparative
anatomy and embryology, continuing the research begun
by Fallopius into the patterns of human and animal devel-
opment. Girolamo Fabrizi (Fabricius), who succeeded his
teacherashead ofthedepartmentin 1562 and madeinvalu-
able contributions to anatomy and embryology, opened
the first ever permanent anatomical theater in Padua. Fa-
bricius continued the tradition of teaching and research
using human autopsy and in 1574 published his discovery
of the presence of valves in the veins of the extremities.

FIG. 3.
Tombstone on the tomb of Gabriele Fallopio, Chapter of the Con-
vent of the Basilica of St. Anthony, Padua [23]
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At the time, he did not realize their functional significance.
However, one of his students was the young Englishman
William Harvey (1578-1657), who in his later work used
this discovery as an important part of his reasoning about
the true nature of the blood circulation [2, 3].
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On March 19, 2024 Vladimir Yu. Mishin, Doctor of Medical Sciences, Professor, Head of the Department of Phthi-
siology and Pulmonology of the Russian University of Medicine, Honoured Scientist of the Russian Federation, Hon-
oured Doctor of the Russian Federation, Academician of the Academy of Electrotechnical Sciences of the Russian
Federation and member of the Public Council of the Federal Penitentiary Service of Russia, will celebrate 75 years
since birth, as well as 50 years of medical, scientificand pedagogical activity and 25 years of heading the Department.

V.Yu. Mishin was born in Irkutsk and graduated from the Irkutsk State Medical Institute in 1972, specializing
in sanitary-hygienic activity.

In 1972-1974 he studied in residency and in 1974-1977 in postgraduate studies at the Department of Tuberculosis
of the Second Moscow State Medical Institute named after N.I. Pirogov — in postgraduate studies at the Tuberculosis
Department of the Second Moscow Pirogov State Medical Institute named after N.I. Pirogov and defended his PhD thesis
«Long-term follow-up of tuberculin-positive and X-ray-negative adults (clinical and radiological study)». After defending
his PhD thesis, he worked as an assistant at the aforementioned department.

In 1993, he transferred to work at the Central Research Institute of Tuberculosis and defended his doctoral thesis
«The course of pulmonary tuberculosis in various disorders of metabolism and functional activity of ymphocytes and mono-
cytes of peripheral blood». After defending his doctoral thesis, he worked as the chief scientific officer of this institute.

In 1998 he was promoted to the position of Professor, and in 1999 - to the position of the Head of the Depart-
ment of Phthisiology and Pulmonology at the Moscow State Medical and Dentistry University named after A.l. Evdoki-
mov, in 2023 renamed to the Russian University of Medicine, which he heads to the present time. Also, he was Dean
of the Faculty of Penitentiary Medicine from 2008 to 2018.

V. Yu. Mishin is a well-known scientist in the field of phthisiatry and pulmonology in Russia and abroad. The main
directions of his scientific activity are the study of pathogenesis, drug resistance of Mycobacterium tuberculosis, clinic,
differential diagnosis and treatment of pulmonary tuberculosis.

V.Yu. Mishin is the author of 6 patents and invention certificates, more than 900 printed scientific papers, 10 mono-
graphs, 17 chapters in monographs and manuals, 21 methodological recommendations, 25 textbooks for students
and doctors, and four editions of textbooks «Phthisiopulmonology» (2000) and «Phthisiatry» (2015, 2020, 2021) for stu-
dents of medical universities of the Russian Federation. He had trained 9 doctors and 34 candidates in medical sciences.

On October 7, 2022, by the Decree of the President of the Russian Federation, V.Yu. Mishin was awarded the honorary
title <Honored Worker of Science of the Russian Federation».

Vladimir Yu. Mishin enjoys well-deserved authority among phthisiatricians of Russia. Colleagues and students
cordially congratulate V.Yu. Mishin with his 75" anniversary and wish him further achievements in scientific, medical
and pedagogical activities, health and well-being.

259
History of medicine and anniversaries




A4 format (60x84/8). Commissioned: March 7, 2024.
Signed for publication: March 21, 2024, publication date: March 26, 2024
Press sheets: 32,5. conventional printed sheets: 30,2. published sheets: 28,9. Order 009-24.

Prepared by the editorial and publishing department of Irkutsk Scientific Centre of Surgery and Traumatology
Address: Bortsov Revolutsii str. 1, Irkutsk 664003, Russian Federation
Tel.: (3952) 29-03-37, 29-03-70. E-mail: arleon58@gmail.com









