BULLETIN OF RUSSIAN STATE MEDICAL UNIVERSITY

BIOMEDICAL JOURNAL OF PIROGOV RUSSIAN NATIONAL
RESEARCH MEDICAL UNIVERSITY

EDITOR-IN-CHIEF Denis Rebrikov, DSc, professor

DEPUTY EDITOR-IN-CHIEF Alexander Oettinger, DSc, professor
EDITORS Valentina Geidebrekht, PhD; Nadezda Tikhomirova

TECHNICAL EDITOR Evgeny Lukyanov

TRANSLATORS Nadezda Tikhomirova, Vyacheslav Vityuk

DESIGN AND LAYOUT Marina Doronina

EDITORIAL BOARD

Averin VI, DSc, professor (Minsk, Belarus)
Azizoglu M, MD PhD (Istanbul, Turkey)

Alipov NN, DSc, professor (Moscow, Russia)
Belousov VV, DSc, professor (Moscow, Russia)
Bozhenko VK, DSc, CSc, professor (Moscow, Russia)
Bylova NA, CSc, docent (Moscow, Russia)
Gainetdinov RR, CSc (Saint-Petersburg, Russia)
Gendlin GYe, DSc, professor (Moscow, Russia)
Ginter EK, member of RAS, DSc (Moscow, Russia)
Gorbacheva LR, DSc, professor (Moscow, Russia)
Gordeev IG, DSc, professor (Moscow, Russia)
Gudkov AV, PhD, DSc (Buffalo, USA)

Gulyaeva NV, DSc, professor (Moscow, Russia)

Gusev El, member of RAS, DSc, professor (Moscow, Russia)

Danilenko VN, DSc, professor (Moscow, Russia)
Zarubina TV, DSc, professor (Moscow, Russia)

Zatevakhin Il, member of RAS, DSc, professor (Moscow, Russia)

Kagan VE, professor (Pittsburgh, USA)

Kzyshkowska YuG, DSc, professor (Heidelberg, Germany)

Kobrinskii BA, DSc, professor (Moscow, Russia)
Kozlov AV, MD PhD, (Vienna, Austria)

Kotelevtsev YuV, CSc (Moscow, Russia)

Lebedev MA, PhD (Darem, USA)

Manturova NE, DSc (Moscow, Russia)

Milushkina OYu, DSc, professor (Moscow, Russia)
Mitupov ZB, DSc, professor (Moscow, Russia)
Moshkovskii SA, DSc, professor (Moscow, Russia)
Munblit DB, MSc, PhD (London, Great Britain)

SUBMISSION http://vestnikrgmu.ru/login?lang=en
CORRESPONDENCE editor@vestnikrgmu.ru
COLLABORATION manager@vestnikrgmu.ru

ADDRESS ul. Ostrovityanova, d. 1, Moscow, Russia, 117997

Indexed in Scopus. CiteScore 2023: 0,8

Negrebetsky VV, DSc, professor (Moscow, Russia)

Novikov AA, DSc (Moscow, Russia)

Pivovarov YuP, member of RAS, DSc, professor (Moscow, Russia)
Polunina NV, corr. member of RAS, DSc, professor (Moscow, Russia)
Poryadin GV, corr. member of RAS, DSc, professor (Moscow, Russia)
Razumovskii AYu, corr. member of RAS, DSc, professor (Moscow, Russia)
Rebrova OYu, DSc (Moscow, Russia)

Rudoy AS, DSc, professor (Minsk, Belarus)

Rylova AK, DSc, professor (Moscow, Russia)

Semiglazov VF, corr. member of RAS, DSc, professor (Saint-Petersburg, Russia)
Skoblina NA, DSc, professor (Moscow, Russia)

Slavyanskaya TA, DSc, professor (Moscow, Russia)

Smirnov VM, DSc, professor (Moscow, Russia)

Spallone A, DSc, professor (Rome, ltaly)

Starodubov VI, member of RAS, DSc, professor (Moscow, Russia)
Stepanov VA, corr. member of RAS, DSc, professor (Tomsk, Russia)
Suchkov SV, DSc, professor (Moscow, Russia)

Takhchidi KhP, member of RAS, DSc, professor (Moscow, Russia)
Trufanov GE, DSc, professor (Saint-Petersburg, Russia)

Tumanova UN, MD (Moscow, Russia)

Favorova OO, DSc, professor (Moscow, Russia)

Filipenko ML, CSc, leading researcher (Novosibirsk, Russia)

Khazipov RN, DSc (Marsel, France)

Chundukova MA, DSc, professor (Moscow, Russia)

Schegolev Al, MD, professor (Moscow, Russia)

Shimanovskii NL, corr. member of RAS, Dsc, professor (Moscow, Russia)
Shishkina LN, DSc, senior researcher (Novosibirsk, Russia)
Yakubovskaya Rl, DSc, professor (Moscow, Russia)

Indexed in WoS. JCR 2021: 0.5 Five-year h-index is 10

Scopus’  weorscencer  Google

scholar

SClmago Journal & Country Rank 2020: 0.14 Listed in HAC 31.01.2020 (Ne 507) Open access to archive

S J R BbICIIAA

ATTECTALIAOHHAS [:v B E R lE N I N KA
Scimago Journal & Country Rank KOMUCCUA (BAK)

Issue DOI: 10.24075/brsmu.2025-03
The mass media registration certificate Ne 012769 issued on July 29, 1994
Founder and publisher is Pirogov Russian National Research Medical University (Moscow, Russia)
The journal is distributed under the terms of Creative Commons Attribution 4.0 International License www.creativecommons.org

(0. ®

Approved for print 30.06.2025
Circulation: 100 copies. Printed by Print.Formula
www.print-formula.ru




BECTHUK POCCUMUCKOro roCYAAPCTBEHHOIO
MEAULUMUHCKOINOo YHUBEPCUTETA

HAYYHbBI MEOVLVHCKA XKYPHAT PHUMY M. H. 1. TINPOTOBA

IMABHbIW PEQAKTOP [leHvic Pebprikos, . 6. H., ipodeccop

3AMECTUTEJIb MMABHOINO PEOAKTOPA AnekcaHap OTTuHrep, A. M. H., npodeccop

PEOAKTOPDbI BaneHtuHa leigebpext, k. 6. H.; Hagexxaa Tvxomuposa
TEXHUYECKUWN PELQAKTOP Esreruii JlykbsHOB

NEPEBOAYUNKU Hanexaa Tuxommposa, Bsavecnas BuTiok

LUN3AWH U BEPCTKA MapyiHbl [I0pOHIHO

PEOAKUUOHHASA KOJUIEITUA

B. W. ABepuH, a. M. H., npoeccop (MuHck, Benopyccus)

M. Aanzorny, MD PhD (Ctambyn, Typuws)

H. H. Anunos, . M. H., npodeccop (Mockga, Poccus)

B. B. Benoycos, a. 6. H., npoceccop (Mocksa, Poccus)

B. K. BoXeHKo, . M. H., K. 6. H., npoceccop (Mockea, Poccus)

H. A. BeiioBa, K. M. H., foueHT (Mocksa, Poccus)

P. P. MaiiHeTAuHOB, K. M. H. (CaHkT-MNeTepbypr, Poccus)

I. E. TeHanuH, A. M. H., npodeccop (Mockaa, Poccus)

E. K. MuHTep, akagemunk PAH, a. 6. H. (Mocksa, Poccus)

J. P. Top6aueBa, 1. 6. H., npodeccop (Mocksa, Poccusi)

W. T. Toppees, A. M. H., npodeccop (Mockea, Poccus)

A. B. T'ygkos, PhD, DSc (Byddano, CLLA)

H. B. l'ynsieBa, 1. 6. H., npodeccop (Mocksa, Poccus)

E. . I'yces, akagemvk PAH, A. M. H., npodeccop (Mocksa, Poccus)
B. H. faHuneHko, a. 6. H., npodeccop (Mocksa, Poccuisi)

T. B. 3apy6uHa, 1. M. H., npodeccop (Mocksa, Poccusi)

. W. 3aTteBaxuH, akagemnk PAH, o. m. H., npoceccop (Mocksa, Poccus)
B. E. KaraH, npoceccop (MutTcypr, CLLIA)

0. I. KxbIwkoBckKa, 4. 6. H., npodeccop (lennensbepr, lfepmanns)
B. A. Ko6puHckui, f. M. H., npodeccop (Mocksa, Poccus)

A. B. Koanos, MD PhD (BeHa, ABcTpusi)

0. B. KoTteneBuges, k. x. H. (Mocksa, Poccus)

M. A. NNebepes, PhD (dapem, CLLIA)

H. E. ManTypoBa, a. M. H. (Mocksa, Poccus)

O. 0. MunywkuHa, oi. M. H., fioueHT (Mocksa, Poccusi)

3. B. Mutynos, a. M. H., npodeccop (Mocksa, Poccus)

C. A. MouwkoBckui, . 6. H., npoceccop (Mockaa, Poccus)

A. B. MyH6nut, MSc, PhD (JlToHgoH, BenmkobpuTaHusy)

MOAAYA PYKOMUCEMN http://vestnikrgmu.ru/login
MEPEMUCKA C PEQAKLVEWN editor@vestnikrgmu.ru
COTPYAHUYECTBO manager@vestnikrgmu.ru

AOPEC PEOAKLUMWW yn. OctposutsiHoBa, A. 1, . Mocksa, 117997

JKypHan BktoyeH B Scopus. CiteScore 2023: 0,8

Scopus’

SClmago Journal & Country Rank 2020: 0,14

SJR

Scimago Journal & Country Rank

e

JKypHan BkntodeH B WoS. JCR 2021: 0,5

2KypHan BkntoqeH B Mepeyerb 31.01.2020 (Ne 507)

BBICIHIAA
ATTECTALIMOHHAA
KOMHCCUS (BAK)

B. B. Herpebeukui, . x. H., npoteccop (Mocksa, Poccus)

A. A. HoBukoB, a. 6. H. (MockBa, Poccusi)

0. M. NueoBapos, A. M. H., akagemnk PAH, npodeccop (Mocksa, Poccusi)

H. B. MonyHuHa, 1neH-kopp. PAH, o. M. H., npodeccop (Mocksa, Poccusi)

I". B. MopsiguH, YneH-kopp. PAH, a. M. H., npoceccop (Mocksa, Poccus)

A. 10. PasymoBckuii, 1neH-kopp. PAH, O. M. H., npodeccop (Mocksa, Poccus)
0. 0. PebpoBa, a. M. H. (Mocksa, Poccus)

A. C. Pypoii, o. M. H., npoceccop (MuHck, Benopyccusi)

A. K. PbinoBa, 1. M. H., npodeccop (Mockaa, Poccusi)

B. ®. Cemurna3sos, 1neH-kopp. PAH, a. M. H., npocbeccop (CankT-MNeTepbypr, Poccus)
H. A. CkobnuHa, 4. M. H., npodeccop (Mocksa, Poccusi)

T. A. CnaBsiHcKas, Ai. M. H., npodheccop (Mocksa, Poccus)

B. M. CmupHoB, a. 6. H., npoceccop (Mocksa, Poccus)

A. Cnannone, . M. H., npoceccop (Pum, Vtanus)

B. W. Crapopy60B, akanemunk PAH, O. M. H., npodeccop (Mocksa, Poccusy)

B. A. CtenaHoB, 4neH-kopp. PAH, a. 6. H., npoceccop (TomMck, Poccusi)

C. B. CyykoB, . M. H., npoceccop (Mockea, Poccus)

X. M. Taxungum, akagemnk PAH, . m. H., npodeccop (Mocksa, Poccuisi)

I E. TpydaHos, a. M. H., npodeccop (CaHkT-MNeTepbypr, Poccus)

Y. H. TymaHoBa, A. M. H. (Mocksa, Poccus)

0. 0. ®aBopoBa, . 6. H., Nnpodeccop (Mocksa, Poccuisi)

M. J1. dununeHko, K. 6. H. (HoBocnbupck, Poccus)

P. H. Xa3unos, g. M. H. (Mapcenb, ®panLms)

M. A. HyHpokoBa, A. M. H., npodeccop (Mockea, Poccus)

H. J1. LLinmaHoBcKkuiA, 1neH-kopp. PAH, 4. m. H., npodeccop (Mocksa, Poccuis)
. H. WnwkuHa, o. 6. H. (Hosocnbupck, Poccus)

A. . Werones, a. M. H., npodeccop (Mocksa, Poccus)

P. . Aky6o.ckas, 4. 6. H., npoteccop (Mocksa, Poccus)

WHpexc XvpLua (h°) xxypHana no oveHke Google Scholar: 10

Google

37eCh HAaXOAMTCS OTKPLITLIN apXV1B XypHaa

GYBERLENINKA

DOl Bbinycka: 10.24075/vrgmu.2025-03
CBUAETENBCTBO O PErMCTPaLM CPEACTBA MAaccoBo MHhopmaumn Ne 012769 ot 29 nions 1994 r.
Yupegutens 1 nspatens — Poccuinckmnii HaumoHanbHbI MCCneaoBaTensCKuin MEAUUMHCKIMIA yHnBepcuTeT nmenn H. W, Muporosa (Mockea, Poccus)
JKypHan pacnpocTpaHsieTcs no nuueHsunn Creative Commons Attribution 4.0 International www.creativecommons.org

() @

MopnucaHo B nevats 30.06.2025
Tupaxk 100 ak3. OTnevataHo B Tvnorpadwv Print.Formula
www.print-formula.ru



BULLETINOFRSMU 3,2025
BECTHUK PIMY

Contents

CopeprxaHne

REVIEW 4

Intravital microscopy for assessment of anti-tumor nanotherapeutic delivery
Ivanova EV, Naumenko VA, Garanina AS, Abakumov MA

VIHTpaBI/ITaﬂbHaH KOHCbOKaﬂbHaﬂ MUKpPOCKONuA B N3y4eHUn AOCTaBKN NPOTUBOOMNYXOJIEBbIX HAHOMNpPenapaToB
E. B. ViBaroBa, B. A. HaymeHko, A. C. lapaHuHa, M. A. Abakymos

ORIGINAL RESEARCH 11

Application of quantitative light-induced fluorescence technique to determine individual oral hygiene levels
Kopetskiy IS, Pobozhieva LV, Kopetskaya Al

an/IMeHeHI/Ie MeToga KOJINYECTBEHHOM CBeTOMHHyLlMpOBaHHOVI danyopecu,eHLwM B onpeneneHnn ypoBHsA MHAMBMHyaﬂbHOVI FUrneHbl NONoCTU pTa
M. C. Koneukwi, J1. B. Moboxbesa, A. V. Koneukas

ORIGINAL RESEARCH 17

Analysis of the Russians' awareness of bone marrow donation and the Federal Bone Marrow Donor Registry infrastructure
Butunts MA, Dyuzhina KA, Nifatova ES, Muradyan TG

AHanus oceefoOMIEHHOCTHN poccusaH 0 AOHOPCTBE KOCTHOIro Mo3ra u MHCbpaCprKTypbl ¢enepaanoro pernctpa 4OHOPOB KOCTHOIoO Mo3ra
M. A. BytyHu, K. A. LioxuHa, E. C. Hucbatosa, T. I. MypagsH

ORIGINAL RESEARCH 23

Intranasal lipopolysaccharide administration to Sprague-Dawley rats as a biomodel of acute respiratory distress syndrome
Kiseleva \VV, Vishnyakova PA, Kosyreva AM, Kananykhina EYu, Emelianov I, Elchaninov AV, Fatkhudinov TH

WHTpaHasanbHoe BBefeHMe nunononucaxapuaa kpsicam Sprague-Dawley kak 6nomogens oCcTporo pecnmpaTopHoro AUCTpecc-cuHapomMa
B. B. Kucenesa, IN. A. BuiwHskosa, A. M. Kocbipesa, E. KO. KanaHbixvHa, /. V. EmenesHos, A. B. EnsdannHos, T. X. daTxyanHos

ORIGINAL RESEARCH 31

Newborn screening in North Ossetia in 2023-2024
Zinchenko RA, Tebieva IS, Zakharova EYu, Shchagina OA, Lotnik EE, Gabisova YuV, Khokhova AV, Bakin NV, Marakhonov AV

HeoHatanbHbIi ckpuHUHF B CeBepHoin Ocetun 3a 2023-2024 rr.
P. A. BuHdenko, . C. Tebuesa, E. tO. 3axaposa, O. A. LLlarvHa, E. E. JlotHuk, tO. B. labucosa, A. B. Xoxosa, H. B. BakuH, A. B. MapaxoHos

ORIGINAL RESEARCH 38

Individual features of the masticatory muscle bioelectrical activity in organization of chewing function
Shishelova AYu, Guseva OYu, Kopetskiy IS, Ansari V

NHpnenpyanbHble 0CO6EHHOCT aCUMMETPUM BMO3NEKTPUHECKON aKTUBHOCTI XXeBaTeNbHbIX MbiLLL, B OpraHM3aumn xxesatenbHom yHKLMN
A. 1O. LLnwenosa, O. tO. lycesa, V. C. Koneukwit, B. AHcapu

ORIGINAL RESEARCH 46

In vivo assessment of the role of liver metabolism in sydnone imine biotransformation
Popov NS, Terekhov VM, Baranov MS, Balabanyan VYu, Kaurova DE, Myasnyanko IN, Terekhova EA

OueHKa ponn neyeHo4Horo Metabonuama B 6uotTpaHcchopmMaymn CUAHOHUMUHOB in Vivo
H. C. Monos, B. M. Tepexos, M. C. bapaHos, B. KO. banabaxbsH, [. E. Kayposa, M. H. MscHsiHko, E. A. Tepexosa

CLINICAL CASE 53

Case report of the patient with four multiple primary malignant tumors in the duodenum and colon
Popova ES, Agbalyan AN, Titov VD, Moiseeva VP, Mashin SV, Anfimiadi VA, Zhukov GM, Bondarevskaya AO, Gavrilyuk LM

KnuHnyeckoe HabntofeHne naymeHTa ¢ YeTbipbMs NEPBUYHO-MHOXXECTBEHHBIMU 3/T0KAYECTBEHHbIMI OMYyXONsiMU ABEHaALAaTUNEPCTHOI
1 TOSICTOW KULLKN
E. C. Mono.a, A. H. Ar6ansH, B. 1. Tutos, B. . Mouceesa, C. B. MawwH, B. A. AHdummnaan, . M. XKykos, A. O. BoHzapesckas, J1. M. laspuok

BULLETIN OF RSMU | 3, 2025 | VESTNIKRGMU.RU




REVIEW | ONCOLOGY

INTRAVITAL MICROSCOPY FOR ASSESSMENT OF ANTI-TUMOR NANOTHERAPEUTIC DELIVERY
lvanova EV'®= Naumenko VA?, Garanina AS', Abakumov MA?®
" National University of Science and Technology MISIS, Moscow, Russia

2 Serbsky National Medical Research Centre for Psychiatry and Narcology, Moscow, Russia
8 Pirogov Russian National Research Medical University, Moscow, Russia

The development of effective relief for cancer is one of the most urgent tasks of biomedicine. Despite the success of anti-tumor nanotherapeutics, low targeted
delivery effectiveness remains a major limiting factor for widespread introduction of those into clinical practice. Tumor microenvironment is a complex, multicomponent
system, the dynamic interaction of which with nanoparticles requires adequate analysis methods. Intravital microscopy presents a unique opportunity for in vivo
assessment of drugs and body’s cells in the real-time mode. The review describes the possibilities and prospects of using intravital microscopy to study the
nanotherapeutic biodistribution and delivery to tumor cells in preclinical animal models.

Keywords: intravital microscopy, preclinical tumor model, nanotherapeutics
Funding: the study was supported by the Russian Science Foundation grant (project No. 21-74-20077).
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MHTPABUTAJIbHAAA KOH®OKAJIbHAA MUKPOCKOMNNA B USYHEHUN OOCTABKA
MPOTUBOOMNYXOJIEBbIX HAHOIMPEMAPATOB
E. B. MBaHoBa' =, B. A. HaymeHko?, A. C. lapaHuHa', M. A. AGakymos®
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PagpaboTka sthheKTUBHbIX CPeacTB 60PbObI C OHKONOrMYECKMN 3a60eBaHNSMY — OfHA U3 akTyanbHenLWwrX 3aaa4 bruoMeanuyHbl. HecMoTpst Ha ycnex
NPOTMBOOMYXONEBLIX HAHOMPENapaToB, HU3Kasa 3PPEKTUBHOCTb LieNeBON JOCTaBKM OCTAETCA OCHOBHBIM JIMMUTUPYIOLLMM (PaKTOPOM A1 UX LLUMPOKOro
BHEOPEHVSA B KITMHUYECKYIO MPakTUKy. OnyxoneBoe MUKPOOKPY>KEHNE — CIIOXKHAsSA, MHOrOKOMMOHEHTHas cUcTeMa, AMHaMUYEeCKOe B3aVMOLENCTBME KOTOPOW C
HaHo4acTuLLammn TpebyeT afieKBaTHbIX METOAOB aHanM3a. VIHTpaBuTansHas MUKPOCKOMUS MPEACTaBASET YHKAbHYIO BO3MOXXHOCTb A5 U3y4eHns npenapaToB
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B 13y4eHUM BropacnpeneneHst 1 JOCTaBKM HaHOMPEMNapPaToB K ONyXoneBbiM KIETKaM Ha AOKITMHUYECKIMX MOLENSX Ha XKMBOTHBIX.
KnioueBble cnosa: VHTpaBuTaibHas KOH(OKabHas MUKPOCKONMA, 9KCNepUMEHTaNbHas OnyxonesBas Mogesb, HaHonpenaparb!
®drHaHCUpoBaHue: NCCefoBaHNe BbIMOMHEHO 3a CHET rpaHTa Poccuiickoro Hay4Horo dpoHaa (MpoekT Ne 21-74-20077).

Bknap aBTopos: E. B. IgaHoBa, B. A. HaymeHko — Hanmcarmne TekcTta, nogrotoBka nnntoctpaumi; A. C. fapanuHa, M. A. AbakyMOB — pefakTypoBaHmne TekcTa.

><] Onsa koppecnoHpeHumn: Ennsaseta BrukToposHa ViBaHoBa
JleHunHcKumiA npocnekT, A. 4, ctp. 1, 119049; Mockea, Poccusi; m1803014@edu.misis.ru

Cratbs nony4eHa: 17.06.2025 Ctatbsi NnpuHaTa K nevatu: 29.06.2025 Ony6nukoBaHa oHnaiH: 30.06.2025
DOI: 10.24075/vrgmu.2025.033

ABTOpckue npaea: © 2025 npvHagnexar astopam. Jinuenauar: PHMY um. H. V. Muporosa. CtaTbs pasmMellieHa B OTKPbITOM AOCTYNe 1 pacnpoCTpaHAeTcs
Ha ycnosusix nunueHanm Creative Commons Attribution (CC BY) (https://creativecommons.org/licenses/by/4.0/).

Progress and challenges of anti-tumor
nanotherapeutic delivery

Nanoparticles (NPs) are increasingly used in medicine,
including such fields, as chemotherapy, antimicrobial therapy,
radiotherapy, diagnostics (magnetic resonance imaging (MRI),
computed tomography), regenerative medicine, hyperthermia
[1]. In the context of fight against cancer, three major NP
applications can be distinguished. First, nanoformulations of
chemotherapy drugs (Doxil, Caelyx, Onivid), the use of which
makes it possible to increase drug delivery specificity and reduce
accumulation of drugs in healthy tissues, have been introduced
into clinical practice. Second, ferumoxytol and other metal NPs
are successfully used for noninvasive detection of tumor foci by
MRI. Third, nanoparticles with radionuclide components have
a great potential for teranostics. In this field, the most common

are polymeric NPs, liposomal carriers, dendrimers, iron oxide
NPs, silicon dioxide NPs, as well as carbon nanotubes.
Efficacy of all the above diagnosis and treatment methods
depends directly on NP accumulation in the tissues. It is clear
that an administration route plays an extremely important role
in biodistribution of the drug. In both most experimental studies
and clinical practice, NPs are used in the form of intratumor
(local) or intravenous (systemic) injections. In the first case, high
concentration of the drug in the tumor focus is achieved, and
it is possible to significantly reduce accumulation of the drug in
healthy tissues. Unfortunately, this administration route can be
used in specific clinical situations only, specifically when there
is an easily accessible and clearly visualized primary tumor
focus without metastasis. In contrast, systemic administration
theoretically allows nanotherapeutics to reach tumors of any
localization and size with the bloodstream; however, low delivery

BULLETIN OF RSMU | 3, 2025 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2025.033



effectiveness associated with the existence of several biological
barriers represents a major flaw of this strategy. Thus, NPs have
to escape capture by organs of the reticulo-endothelial system,
flow out of the bloodstream (extravasate) in the neoplastic
area, and penetrate through the dense connective tissue on
their way to tumor cells. It should be noted that, despite the
above challenges, it is systemic administration of the drug that
represents the most promising method of combating a variety
of neoplasms.

For more than 30 years it has been considered that specific
NP accumulation in the tumor after systemic administration results
from the so-called EPR (enhanced permeability and retention)
effect, i.e. from the increased permeability of blood vessels and
the decreased lymphatic drainage [2, 3]. However, in recent years,
the concept of the EPR effect causes sharp criticism due to the
series of failed clinical trials of nanopharmaceuticals [4, 5]. There
is an opinion that this passive delivery mechanism is more typical
for animal models, but it does not function in humans. In this
regard, the possibility of active NP delivery, including that involving
cellular carriers, attracts increasing attention of researchers [6, 7].
Neutrophils [8-11], monocytes [12,13], macrophages [14], and
stem cells [15] have been proposed as potential candidates for
nanopharmaceutical delivery to cancer cells.

The development of new anti-tumor therapy strategies
requires thorough analysis of the processes occurring in the
tumor microenvironment during carcinogenesis and in response
to treatment. Tumor microenvironment is a complex system
comprising both malignant and normal cells enclosed in the
dense matrix of extracellular protein, as well as the chaotic
blood vessel network. Due to its unique properties, tumor
microenvironment can be considered a distinct tissue type. The
features of the immune cell behavior in this tissue allow us to speak
about tumor microenvironment as one of the cancer hallmarks
[16]. More attention has been paid to new treatment methods
targeting non-tumor cells of the tumor microenvironment, such
as anti-angiogenic therapy and immunotherapy. However, in-
depth understanding of the interplay between cells of the tumor
microenvironment and nanopharmaceuticals is necessary to
improve effectiveness of the above therapeutic approaches.

Exploration of the mechanisms underlying the NP delivery
and antitumor activity was challenging for a long time due
to the lack of adequate methods to assess the dynamic
interaction between nano-objects and body’s cells in situ. Until
recently, the range of available tumor assessment methods
was limited to microscopy of fixed specimens and biochemistry
analysis, i.e. the methods not allowing one to study behavior
of nanopharmaceuticals in the body in the real-time mode.
The situation changed dramatically with the emergence of
intravital microscopy (IVM) enabling investigation of dynamic
processes in living tissues at the cellular and subcellular levels
[17, 18]. This method that has proven successful in assessment
of various biological processes [19-21] can be used to study
the mechanisms underlying delivery and anti-tumor activity of
nanopharmaceuticals at a deeper level [22].

In Russia, the use of IVM for assessment of the NP
biodistribution and delivery into a tumor was embedded in
pre-clinical trials of candidate anti-tumor drugs. This review
presents the pilot results and prospects of using IVM to develop
innovative anti-tumor therapy methods.

Intravital microscopy in studying the
anti-tumor pharmaceutical delivery pathways

Interaction between NPs and cells of the immune system
can have both negative and positive effects on the efficacy
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of therapy with nanopharmaceuticals. Thus, sequestration of
NPs in resident macrophages of the liver and spleen reduces
effectiveness of the therapeutic agent targeted delivery to
tumors [23, 24]. In contrast, the firmly adherent leukocytes that
capture NPs in the tumor microenvironment can function as
a depot of the drug, the long-term gradual release of which
into the tissues improves the anti-tumor response [25]. Finally,
preservation of mobility by blood leukocytes after binding to
NPs allows these to transport the drug over long distances
and break through physiological barriers [26], which provides
the basis for the concept of cell-mediated delivery. It has
just recently been proposed to use neutrophils for intratumor
delivery of nanopharmaceuticals; in contrast to the passive
accumulation mechanism, the factors that contribute to or
prevent active NP delivery are poorly understood.

The IVM method allowed us to monitor behavior of NPs
of various types in the tumor. The study involved magnetite
nanoparticles (MNPs) covalently bound to the Cy5 cyanine
dye and liposomes, into which a lipophilic dye (DiD) was
incorporated. It was shown that MNPs could break through
the vascular barrier via both passive transport and the use
of neutrophils as a “Trojan horse”. The latter mechanism was
first recorded in the real-time mode: NPs were adsorbed on
the surface of the neutrophil, which, going beyond the vessel,
carried these to the tumor tissue (Fig. 1A). It is interesting
that transient elimination of neutrophils from the bloodstream
resulted in the decreased accumulation of MNPs in the tumors.
These findings confirm neutrophil involvement in delivery of
MNPs to tumor cells [27].

The mechanisms underlying the intratumor delivery of
liposomes were dramatically different from that underlying
the delivery of MNPs [28]. Local leaks into the perivascular
space (microleaks) were most often detected (Fig. 1B). This
extravasation type is characterized by the limited area of the
leak and penetration depth not exceeding 20 pm from the
vessel. Fluorescence intensity was even inside the microleak
and considerably exceeded that in the blood vessel lumen.
Microleaks usually occurred rapidly (within minutes), and later
the microleak zone remained almost unchanged.

Another, less frequent type of the leak (Fig. 1B) covered a
vast area of the interstitium penetrating the tissues to the depth
of several hundred microns. Such macroleaks were spatially
and temporally unstable showing the diffusion gradient and
dynamic changes in signal intensity, which, however, never
exceeded fluorescence intensity of the circulating liposomes.
Furthermore, we observed repeated waves of liposome
extravasation from the same macroleak site. In contrast
to microleaks, this extravasation type is likely to reflect NP
diffusion in the interstitial space. The liposome diffusion waves
always spread from the center of the tumor to the periphery,
probably due to higher intra-tissue pressure inside the tumor.

As with MNPs, newtrophils also contributed to the release of
liposomes from the vascular bed. When assessing the dynamics
of microleak occurrence in the real-time mode, it was reported
that in some cases these occurred in the neutrophil extravasation
sites. Likewise, microleaks were reported occurring after the
neutropil release from the blood vessel (Fig. 1B).

It should be noted that, in contrast to MNPs, liposomes
were not captured by neutrophils, so the reported examples
of the neutropil-mediated leaks represent a fundamentally new
mechanism underlying NP delivery: liposomes exit the blood
vessel not on the neutrophil, but through the vascular barrier
pores opening temporarily at the time of cell transmigration.
As a result, we can speak about four mechanisms of
liposome delivery into the tumor: spontaneously occurring and
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Fig. 1. Role of leukocytes in delivery of anti-tumor nanopharmaceuticals. A. Mechanisms underlying extravasation of magnetite nanoparticles in the tumor microvascular
bed. B. Mechanisms underlying extravasation of liposomes in the tumor microvascular bed

neutrophil-dependent micro- and macroleaks (Fig. 1B). In the
context of neutrophil depletion the effectiveness of liposome
accumulation in the tumor decreased by 20-30%, which
allows for a rough estimation of the contribution of neutropils to
delivery of liposomal drugs to the tumor focus.

[t was impossible to differentiate between the interendothelial
and transendothelial pathways of liposome extravasation
in thetumor vessels due to limited IVM resolving power [29].
However, in vivo monitoring of neutropils and liposomes in the
tumor can shed light on the fundamental mechanisms underlying
the NP transport from the blood vessel lumen to the tissues.
Despite obvious differences, it can be assumed that there are
some similarities in the extravasation behavior of neutropils and
liposomes. Thus, after crossing the layer of endothelial cells,
neutropils show adhesion or crawling behavior in the confined
subendothelial space [30], and accumulation of neutropils in the
perivascular compartment resembles the liposomal microleak.
Then neutropils migrate through the non-dense areas of the
basal membrane and are released from the perivascular space,
similar to the NP breakthrough and diffusion in the macroleak
site. It is noteworthy that some macroleaks emerge from
the pre-existing microleaks, which further supports the idea
that two patterns of liposome accumulation represent the
consecutive stages of extravasation corresponding to transport
of liposomes through the endothelial and subendothelial barriers.

[t can be assumed that the described extravasation patterns
play unequal parts in delivery of anti-tumor drugs. First, microleaks
are found not only in tumors, but also in healthy tissues, which can
explain the liposomal doxorubicin skin toxicity. Second, despite
the fact that microleaks contribute to accumulation of liposomes
around the tumor vessels, these do not provide access to tumor
cells for nanopharmaceuticals. In contrast, macroleaks allow
liposomes to penetrate deep into tumor tissues, promoting the
therapeutic agent delivery to the target cells. This extravasation
type that is specific for tumors shows differences depending on
the tumor type. This suggests that passive delivery of liposomes
to tumor cells is mediated primarily by macroleaks. Third, it is well
known that, despite the fact that liposomal doxorubicin is better
accumulated in the tumors, than free doxorubicin, there is little
improvement of the anti-tumor response. Insufficient therapeutic
efficacy can partially result from predominance of microleaks
over macroleaks, which leads to the increased accumulation of
liposomes at the macroscopic level, but in fact does not provide
access to cancer cells for drugs.

Intravital microscopy in studying renal NP excretion

Assessment of biodistribution represents an essential phase of
pre-clinical trials of pharmaceuticals. It allows one to determine

such important parameters, as the drug excretion rate,
accumulation dynamics, and preferential target organs.

According to modern concepts, the NP capability of being
excreted by the kidneys is determined by the glomerular filter
pore size, which is about 6 nm. Particles with the diameter
above the specified threshold value cannot be released into
urine. However, in recent years, more and more evidence
has accumulated in the literature on the paradoxical renal
filtration of large NPs. We observed a similar pattern when
assessing biodistribution of the MNPs with the size (140 nm)
significantly above the renal filtration threshold [31]. The
transient increase in renal iron levels accompanied by negative
contrast in the renal parenchyma on MRI was reported 2 h
after intravenous administration of MNPs. These unexpected
results were confirmed by confocal microscopy using the
fluorescence-labeled MNPs. Furthermore, MNP administration
was associated with the increased urinary iron levels, and
ultrastructural analysis revealed intact NPs in the urine sediment.

In order to understand the cause of renal excretion of the
NPs more than 20-fold exceeding the glomerular filter threshold,
we performed IVM of superficial renal cortex at the time of
MNP-Cy5 administration. Contrast enhancement of peritubular
capillaries with the particles was observed immediately after the
injection, and as early as 25 min later the fluorescence signal
was localized mainly in the renal tubules. It is noteworthy that at
the early stages after administration of the drug, accumulation
occurred not in the lumen, but in the basal compartment of
the tubular epithelium, indicating that MNPs were not filtered
through the glomeruli, but reached the epithelium from the
tubular interstitium. Further monitoring of the fate of MNP-Cy5
in the kidneys revealed the transient increase in fluorescence
signal intensity in the renal tubular lumen.

Considering the results obtained, it can be assumed that
translocation from blood to urine via peritubular endothelial
and renal epithelial cells represents an alternative excretion
pathway for synthetic NPs with the size above the glomerular
filtration threshold (Fig. 2). It can be assumed that this is an
underestimated mechanism that can explain some previously
reported examples of paradoxical renal excretion of large NPs.

Actually, renal clearance of large NPs usually explained by
the NP degradation is often reported in the literature [32-39]. At
the same time, there is growing evidence for urinary excretion
of intact NPs, which has remained unexplained until now. Thus,
the recent study revealed renal clearance of the 20 nm pegylated
magnetic NPs [40]. The authors explained this phenomenon
by potential flexibility of NPs allowing these to pass through
the glomerular filter membrane. One more case of unexpected
renal filtration was reported for carbon nanotubes [41]. The
authors assumed that certain orientation of the nanorods sized
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200-300 nm with the aspect ratio between 100:1 and 500:1
within the flow makes these capable of passing through the
pores. As in our experiments, both studies cited report peak
excretion 30-60 min after administration and accumulation of
NPs in the proximal tubules. Despite the fact that the authors
explain this by NP re-absorption from the tubular lumen by the
epithelial cells, an alternative hypothesis is that NPs penetrate
into the renal epithelium through peritubular capillaries. In some
studies, renal filtration of graphene oxide nanosheets (1 x 1000 nm,
5 x 200 nm) was explained by morphological deformation of
particles (sliding, squeezing or folding) [42, 43], while the other
group assumed that urinary excretion of intact silicate NPs
(sized 22 x 185 nm and 65 x 720 nm) was caused by the
glomerular filter membrane barrier function impairment [44].
Significant accumulation in the proximal tubules was
unexpectedly reported for ferumoxytol, the FDA-approved
preparation of iron oxide NPs covered with dextran (size
17-30 nm), while the dextran NPs sized 13 nm were found
mostly in the glomeruli [45]. The authors assumed that this was
due to the broad range of ferumoxytol diameters, such that
a certain share of NPs was below the threshold glomerular
filter membrane size. In this case, one would expect that the
majority of NPs would still accumulate in the glomeruli, but this
was not reported. Despite the fact that ferumoxytol localization
in the tubules was similar to the distribution of the 5 nm dextran
NPs excreted with urine, in contrast to the latter, ferumoxytol
distribution had no effect on albumin endocytosis, as well as on
the expression of megalin and clathrin in the proximal tubules.
These data are indirect evidence suggesting that ferumoxytol
gets into the epithelium from the basolateral side without
involvement of absorption mechanisms in the tubules. Although
the glomerular filter membrane morphological deformation and
dysfunction for each distinct type of NPs cannot be ruled out, we
assume that translocation through the endothelium and tubular
epithelium is a more common phenomenon that can at least
partially explain the earlier reported data on paradoxical filtration.
Disclosure of the alternative mechanism underlying NP
translocation in the peritubular capillaries represents a paradigm
shift in bio-nanotechnology, since it allows one to assume the
existence of new criteria for renal clearance. Perhaps, this fact will
have important clinical implications in nephrology and oncology.

Prospects of using intravital microscopy in clinical practice

In clinical practice, anti-tumor therapy with nanopharmaceuticals
usually represents a series of consecutive systemic injections.
In this regard, the question arises, whether the behavior of
the second and subsequent doses would be different from
the behavior of the first dose. Potential effect of the first NP dose
on the subsequent doses can be associated with both systemic
factors (change in the extent of NP capture by cells of the reticulo-
endothelial system) and the tumor microenvironment modulation.

To answer these questions, specifics of biodistribution of
the repeated dose of liposomes was assessed by IVM [46]. The
non-labeled liposomes were administered as the first dose; the
fluorescence-labeled liposomes were administered 24 h later.
[t was shown that the half-life and accumulation profiles of the
first and second doses of liposomes in organs and tumors
were the same. Quantitative analysis revealed no differences in
the rate of liposome capture by blood leukocytes: both the first
and second liposome doses bound mainly to monocytes, less
often to neutrophils and CD4 lymphocytes, but showed almost
no interaction with CD8 lymphocytes and B cells. The pattern
of capture of two doses by cells of the tumor microenvironment
was also the same: in both cases, the association of liposomes
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Fig. 2. Mechanism underlying renal excretion of nanoparticles with the size above
the glomerular filtration threshold

with neutrophils and macrophages, and less often with other
leukocytes and tumor cells was revealed. Interaction of NPs
with immune cells can in some cases alter the composition
of white blood cell population, which results in the fact
that the subsequent drug dose faces potentially different
microenvironment. However, the quantitative composition of
blood and tumor leukocytes remained the same at the time of
administration of the first and second doses.

As with single administration of the drug, the second dose
of liposomes got into the tumor due to micro- and macroleaks.
To directly assess spatial accumulation of two doses in the
tumor, the experiments were conducted, in which the first
and second doses of liposomes were bound to different dyes.
High degree of co-localization of two fluorescence signals was
reported 48 h/24 h after administration of the first/second dose
of liposomes.

No difference in behavior of two liposome doses in the
body opens up the possibility of using the first dose as the
diagnostic one for targeted selection of the tumors showing
good NP uptake, which shall also accumulate well the second
(therapeutic) dose of liposomes. To test the hypothesis, the
liposomes were used comprising maghemite NPs sized
5 nm that could be detected in the tumor by MRI; liposomal
doxorubicin (Caelyx) was used as a therapeutic agent. VM
showed that neither loading magnetic contrast diagnostic
agents into liposomes, nor the presence of the therapeutic
agent in the liposomes does not disrupt the high degree of
co-localization of two liposome doses in the tumor.

Validation of the algorithm for personalized diagnosis
and treatment of tumors was performed in the pre-clinical
model. The animals intravenously administered the dose of
diagnostic liposomes were divided into groups with high and
low accumulation of the drug using MRI. Then each group was
divided into two subgroups, in which the animals received either
Caelyx, or free doxorubicin. It was found that in the group with
high accumulation of diagnostic liposomes a more pronounced
decrease in the tumor growth rate and an increase in survival
rate were observed compared to animals with low diagnostic
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agent accumulation. It should be noted that no differences in
the rate of tumor progression between groups with high and
low accumulation of magnetic liposomes were revealed during
treatment with free doxorubicin.

These findings suggest that estimation of accumulation of
magnetic liposomes in the tumor makes it possible to predict
therapeutic efficacy of liposomal drugs, but not of their free
analogues.

It should be noted that the IVM technique not only allows
us to solve fundamental medical and biological problems, but
also has potential for practical application. Thus, in 2016, the
first report was published showing the possibility of conducting
IVM of tumors in patients [47].
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APPLICATION OF QUANTITATIVE LIGHT-INDUCED FLUORESCENCE TECHNIQUE TO DETERMINE
INDIVIDUAL ORAL HYGIENE LEVELS

Kopetskiy IS, Pobozhieva LV &, Kopetskaya Al
Pirogov Russian National Research Medical University, Moscow, Russia

Indices that reflect individual oral hygiene levels are widely used to determine microbial plaque of the tooth surface. When teaching patients how to take care about
the oral cavity, dentists use visual demonstration of the dental plaque localization. The quantitative light-induced fluorescence (QLF) technique represents a modern
method to diagnose individual oral hygiene, in which even minimal microbial plaque buildup shows up as red fluorescence. The study aimed to assess the oral
hygiene status using the quantitative light-induced fluorescence technique. Dental deposits were detected using QLF; the Quigley Hein, Green-Vermillion, DMF
indices were detected clinically. The findings show that Simple Hygiene Scores do not exceed 2, when the caries intensity is very low or low (p < 0.05). In these
groups, the Green-Vermillion and Quigley Hein index values reach 0.5 + 0.23 and 0.2 + 0.14, respectively. When the caries intensity is medium, Simple Hygiene
Scores vary between 1-5 points. Very high caries intensity is characterized by the Simple Hygiene Score between 3 and 5 points (maximum Green-Vermillion and
Quigley Hein index values reach 2.3 + 0.43 and 2.1 + 0.35) (p < 0.05). Thus, the quantitative light-induced fluorescence technique can be used in clinical trials
for objective oral hygiene assessment, visual demonstration of dental plaque buildup to patients, and assessment of the dynamic changes in these indicators.
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NMPUMEHEHWE METOOA KOJIMYECTBEHHOW CBETOMHAYLUMPOBAHHOW ®TYOPECLIEHLIUN
B ONPEAENEHUN YPOBHSA UHOUBUAYANIBHOW MMIMEHbLI NOIOCTU PTA

M. C. Koneukuin, J1. B. Moboxsesa =, A. U. KoneLkas
Poccuiickuin HaumoHanbHbI MCCNeaoBaTenbCKUi MEAULIMHCKIMIA yHUBEpCUTeT nMenn H. V. Mporosa (Muporosckuin YHnsepcnteT), Mocksa, Poccus

[nst onpepneneHyst MUKPOBHOro HaneTa Ha NOBEPXHOCTM 3y6OB LLMPOKO NMPUMEHSIOT MHAEKCI, KOTOPble OTPaXKatoT YPOBEHb M1rieHbl MonocTv pra. [MNpu 0byyeHun
nauveHToB yxofdy 3a POTOBOW MOMOCTLIO BPAYM-CTOMATONOM MCMOMB3YIOT BU3YaSTbHYIO AEMOHCTPALMIO NoKanm3aumm 3yoHoro Haneta. Metof, Konm4ecTBeHHOM
CBETOVHAYLIMpOBaHHOM hnyopecueHumn (QLF) sBnseTca coBpeMEHHbIM METOAOM ANArHOCTUKM MHAMBMOYAbHOW MMrMeHbl MOMOCTY PTa, NMpY UCMONb30BaH
KOTOPOro Aake MUHMMaNbHOE CKOMNeHe MUKPOOHOMO HaneTa NposiBNseTcs B BUAe KpacHoW nyopecleHumn. Llenbio nccnegosanunst 66110 U3y4nTb
FUrMEHNYECKOe COCTOSHME MONOCTH pTa C NMPUMEHEHNEM METOAA KOMMYECTBEHHOW CBETOUHAYLIMPOBAHHOM (hnyopecUeHUMN. BbigBneHme 3yOHbIX OTIOXKEHNIN
npoBoanM ¢ ncnons3osaHvem QLF, KnnHndeckn onpenensnn nHaexcs Quigley n Hein, Green-Vermillion, KIY. Pesynstate! nccnegosaHnsa nokasanm, 4o npu
0Y4€eHb HU3KOM Y H13KOM YPOBHSIX MHTEHCUMBHOCTM Kapro3HOro npoLiecca nokadarenv Simple Hygiene Score He npesblwatoT 2 6anna (p < 0,05). B gaHHbIX rpynnax
3Ha4eHua nHaekcoB Green-Vermillion v Quigley, Hein pocturanu 3Hadenuin 0,5 + 0,23 1 0,2 + 0,14 cooTBETCTBEHHO. [py CpegHeM YpOBHE UHTEHCUBHOCTU
Kapuo3HOro npotecca nokasdarteny Simple Hygiene Score BapbupytoT oT 1 0o 5 6annos. O4eHb BbICOKMIA YPOBEHb KapMO3HOrO MPOLIECCa XapakTepuayeTcs
3HadeHvsMm Simple Hygiene Score oT 3 go 5 6annoB (MakcymanbHble Nokasatenn nHaekcos Green-Vermillion 1 Quigley, Hein gocturanm 2,3 + 0,43 2,1 + 0,35)
(o < 0,05). Takum 06Pa3OM, METOA, KONMHECTBEHHOW CBETOUHAYLIMPOBAHHOM (hryOpeCLEHLIMN MOXKET ObiTb MCMOMB30BaH B KIMHUYECKWX NCCNEAOBaHMSX NS
OOBEKTVBHOW OLIEHKMN MrieHbl MOIOCTW PTa, HarsAHON AEMOHCTPALIMN CKOMIIEHNS 3yOHOrO HasneTa nauneHTam 1 n3y4eHust AaHHbIX rokasaTtenei B AVHaMVIKE.

KntoueBble cnosa: 3yGHOM HAMET, r1rieHa nosiocTu pra, KoM4ecTBeHHasi CBETOMHAYUMPOBaHHas thyopecLeHLms

Bknap aBTopoB: J1. B. No6oxbeBa — NpOBEAeHVe UCCNeaoBaHns, aHanna faHHbIX, HanvcaHve Tekcta ctatbi; V. C. Koneukuii — pefaktnpoBaHmie ctaTby;
A. V1. Koneukass — aHanma gaHHbIX, HanmcaHne TekcTa ctaTbu.

CobniogeHne 3TMHECKUX CTaHAApToB: paboTa ofobpeHa 3TUHECKUM KOMUTETOM POCCUIICKOrO HaLMOHaNBEHOrO UCCNEA0BaTENbCKOrO MEANLIMHCKOro
yHuBepcuteTa umenn H. . Muporosa (npotokon Ne 238 ot 19 mapTa 2024 ). Bece yvacTHVKM fanv o6poBosibHOE MH(DOPMUPOBaAHHOE cornacue Ha ydactue
B 1ICCnefoBaHnm.
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Microbial plaque forms biofilms on the tooth surface, which A number of studies have proven that it is possible to use
represents a major etiological factor of dental caries and  the quantitative light-induced fluorescence (QLF) technique as
inflammatory periodontal diseases [1-3]. a new method to detect biofilms in the oral cavity [4, 5].
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Biofilm removal from the tooth surface is an effective
method to prevent the main dental diseases. It seems extremely
important to teach patients methods of individual oral hygiene
and encourage them to perform oral hygiene regularly on a
daily basis. Dentists use visual demonstration of dental plaque
localization in clinical practice to teach patients how to take
care about the oral cavity [6, 7].

Hygienic indices are widely used to quantify microbial
plague on the tooth surface. To detect microbial plaque,
the dental deposits are stained with dyes and assessed
through visual control, which does not preclude incorrect
interpretation and takes time for accurate calculation and
measurement [8, 9].

The advanced noninvasive quantitative light-induced
fluorescence (QLF) technique involving the use of the oral
camera equipped with software allows one not only to quantify
dental plaque, but also measure the area of the microbial
plaque buildup and calculate the Simple Hygiene Score
(SHS). It should also be noted that software can analyze such
parameters, as the lesion area/white spot area (area % px 2),
fluorescence loss/average enamel mineral loss (AF, %), lesion
depth (AFmax, %), lesion volume/maximum mineral loss
(AQ, % px), area showing bacterial activity/extent of bacterial
activity in the lesions (AR, %), maximum bacterial activity
(ARmax, %), area of bacterial activity (AR Area, %) [10, 11].

Even minimal microbial plaque buildup shows up as red
fluorescence [11]. The microbial biofilm produces porphyrin,
which is manifested by the color change in vivo [12]. The QLF-D
method can be used as an alternative to the existing clinical
index methods, regardless of the assessed tooth regions
[13, 14]. Microbial plague detection is accomplished without
using dyes [15]. The QLF-D method can be used to teach
patients individual oral hygiene [16].

Thus, the use of QLF is of great clinical interest in terms of
assessing the oral hygiene status.

The study aimed to assess the oral hygiene status using the
quantitative light-induced fluorescence technique.

METHODS

The study involved 204 individuals (132 females and 72 males).
Inclusion criteria: females and males seeking care or routine
examination; age 18-44 years; no dental arch defects in the
frontal section (in individuals with physiological or abnormal
bite). Exclusion criteria: patients undergoing orthodontics
treatment; prosthetic constructions in the frontal section; age
below 18 and over 44 year; acute oral inflammatory disease;
decompensated somatic disorder; refusal to participate in
the study.

The clinical phase consisted of collecting complaints and
history taking, oral cavity examination. Disorders of dental hard
tissues and periodontal tissues were diagnosed based on
ICD-10.

The DMF index (decayed, missing, and filled index) was
determined in all subjects in order to assess the intensity

Table 1. Gender and age distribution of subjects

of caries lesions. According to the WHO assessment criteria,
five caries intensity levels are distinguished in the age
group 33-44 years: very low (0.2-1.5), low (1.6-6.2), medium
(6.3-12.7), high (12.8-16.2), very high (16.3 and above).

Oral hygiene status was assessed by the quantitative light-
induced fluorescence method. The Q-ray dental software,
Qraycam Pro camera (AIOBIO, Republic of Korea), and
Inspektor Research Systems detector (Netherlands) were used
for QLF. The following indicators were determined to detect
microbial plaque buildup and oral hygiene status assessment:
Simple Hygiene Score with the range of 0-5; area of bacterial
activity (AR Area, %).

Clinically, oral hygiene status was determined based on the
Green-Vermillion (OHI-S) index. Oral hygiene was assessed as
good (values within the range of 0-0.6), satisfactory (0.7-1.6),
unsatisfactory (1.7-2.5), or poor (over 2.6). Buccal surface of
the teeth 16 and 26, labial surface of the teeth 11 and 31,
and lingual surface of the teeth 36 and 46 were examined to
determine OHI-S.

Furthermore, the Quigley Hein dental plaque index was
determined on the vestibular surface of 12 frontal maxillary
and mandibular teeth using the dental plagque indicator (Plaque
Test, PRESIDENT). Six index values are distinguished: no
plaque, isolated flecks of plaque, band of plaque at the gingival
margin, up to 1/3 of the tooth surface covered with plaque,
plaque from 1/3 to 2/3 of the surface, plaque on more than 2/3
of the surface.

Statistical processing of the study results was performed
using Microsoft Office Excel 2017 (Microsoft Corporation) and
the Statistica 12.0 (StatSoft) software package. Relative values
were calculated; descriptive statistical methods were applied
involving calculation of the mean, average error, and standard
deviation.

RESULTS

The gender and age distribution of surveyed individuals is
provided in Table 1. The average age of surveyed females
was 27.73 (+ 1.9) years, and that of surveyed males was
31.54 (+ 2.3) years.

Based on the study results, very low caries intensity was
revealed in 5.9% of surveyed individuals with the DMF value
of 1.5 + 0.34. Low caries intensity was determined in 13.7%
of surveyed individuals with the DMF value of 5.6 + 0.43.
Medium caries intensity was revealed in 35.3% of cases with
the average DMF value of 11.3 + 1.2, high intensity —in 37.3%
of cases with the DMF value of 14.6 + 1.3, very high intensity — in
7.8% of cases with the DMF value of 17.2 + 0.8 (Fig. 1).

The analysis of the Green-Vermillion index values has shown
that the patients’ oral hygiene corresponds to good, when the
caries intensity is very low or low, to satisfactory, when the
caries intensity is moderate-to-high, and to unsatisfactory,
when the caries intensity is very high.

Oral hygiene indices (Green-Vermilion and Quigley Hein)
are provided in Table 2.

Total number of surveyed individuals, n

n=204

Average age of surveyed individuals, years

29.3 (x 2.4)
(min 18 + max 44)

T L Males Females
Gender distribution of surveyed individuals, n n=72 n=132
Average age of surveyed individuals depending 31.54 (+ 2.3) 27.73 (= 1.9)
on gender, years (min 18 + max 44) (min 18 + max 42)
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Very low M Low B Medium [ High M Very high

Fig. 1. Distribution of subjects by caries intensity, %

The analysis of the Quigley Hein index values has shown
that patients with medium, high, and very high caries intensity
need individual oral hygiene improvement (index values above 1)
(Fig. 3).

Thus, the results of data interpretation based on the Green-
Vermillion and Quigley Hein indices of the surveyed individuals
were similar, despite the differences in determination of indices.

Assessment of both indices suggests that oral hygiene
of patients with very low or low caries intensity corresponds
to good and does not require adjustment, in contrast to the
overwhelming majority of individuals with the medium, high,
and very high DMF values.

In our study, microbial plague buildup and oral hygiene
estimates based on the Simple Hygiene Score were determined
in the region of the maxillary and mandibular incisors and
canines. The QLF-D diagnosis allows one to detect even slight
dental plaque buildup in red fluorescence, as shown as blue
pseudo-stain (Fig. 4).

The quantitative light-induced fluorescence (QLF) method
enabled the noninvasive, quick, objective determination of the
patients’ oral hygiene status (Fig. 5).

Quantitative and qualitative assessment of dental plaque in
surveyed individuals is provided in points (range 0-5 points)
(Table 3).

Based on the Simple Hygiene Score it was determined that
the values were 0-2 points, when the caries intensity was very
low or low. When the caries intensity was medium, the Simple
Hygiene Score varied between 1 and 5 points, when it was
high — 2-5 points, when it was very high — between 3 and
5 points (Fig. 6).

DISCUSSION

In the study we determined hygienic indices in patients with
different caries intensity using conventional methods and the
quantitative light-induced fluorescence technique. According
to the data obtained, when the caries intensity was very
low, the Simple Hygiene Score corresponded to O and 1

Table 2. Oral hygiene status indices, M + sd

Fig. 2. Patient A., 22 years. Photo protocol of oral hygiene status assessment.
DMF — 3, Green-Vermillion index — 0.5, Quigley Hein index — 0.92
(Green-Vermillion — 0.4 + 0.12, Quigley Hein — 0.2 + 0.07)
(o < 0.05). SHS values of 1 and 2 points corresponded to low
caries intensity (Green-Vermillion — 0.5 + 0.23, Quigley Hein —
0.2 + 0.14) (p < 0.05). In these groups, the clinical index values
suggest good individual oral hygiene. When the caries intensity
is medium, the Simple Hygiene Score varies between 1 and
5 points (Green-Vermilion — 1.2 + 0.27, Quigley Hein —
1.4 + 0.32). High caries intensity is characterized by the SHS
2-5 points (Green-Vermillion — 1.5 + 0.31, Quigley Hein —
1.5 = 0.28). Very high caries intensity is characterized by
the Simple Hygiene Score 3-5 points (Green-Vermillion —
2.3 + 0.43, Quigley Hein — 2.1 + 0.35) (p < 0.05).

According to the data provided by a number of authors,
SHS O indicates good oral hygiene status, while SHS 5 indicates
poor status [17]. Our study has shown that SHS values of
0, 1, and 2 corresponded to good oral hygiene status. However,
the dental plaque distribution and production within the dental
arch can vary considerably, as reflected by the Simple Hygiene
Score values.

There is a report of the QLF-D limitation when used to
assess general oral status. This is due to the fact that QLF
reflects well the diagnosis in the region of frontal maxillary
and mandibular teeth. Thus, measurement in the region of
maxillary molars, as well as on the palatal and lingual tooth
surface, it limited due to complexity of taking images of these
regions [18]. Our findings have shown that SHS determination
in the region of the frontal group of teeth enables quick and
reliable detection of microbial plaque buildup. It should be
noted that for a number of indices it is necessary to determine
dental plague on the lingual/palatal tooth surface, which is
more convenient to do using a probe.

No need to stain dental deposits should be considered an
advantage of the method [19].

CONCLUSIONS

It is reasonable to use the QLF method for screening
aimed to estimate the patients’ individual oral hygiene.

Caries intensity Green-Vermillion index Quigley Hein index
Very low 0.4+0.12 0.2 +0.07
Low 0.5+0.23 0.2+0.14
Medium 1.2+0.27 1.4 +0.31
High 1.5+ 0.31 1.5+0.28
Very high 2.3+0.43 2.1+0.35
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Fig. 3. Patient K., 27 years. Clinical assessment of hygienic indices. DMF — 8,
Green-Vermillion index — 1.7, Quigley Hein index — 3.3
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Fig. 4. Patient N., 32 years. Results of the oral hygiene status QLF diagnosis.
DMF — 10. SHS — 1, area of bacterial activity (Area AR) — 30% — 1[%)]

Table 3. Simple Hygiene Score (SHS) in surveyed individuals

Fig. 5. Patient M., 25 years. The areas covered with dental plaque are analyzed
using the software tool. DMF — 13. SHS — 2, area of bacterial activity (Area AR) —
30% — 4[%]

Fig. 6. Patient A., 21 years. Dental plaque assessment involving the use of QLF
diagnosis. DMF — 7. SHS — 5, area of bacterial activity (Area AR) — 30% —
34[%)].

Caries intensity

Number of surveyed individuals

Simple Hygiene Score (SHS)

3 0

Very low

9

13

Low

15

2

13

Medium

23

22

12

1

23

High

25

27

2

Very high

||l INMN]IOIR]OIN][=2]IND]| =)=

9

Total

204

The quantitative light-induced fluorescence objectively and
transparently reflects the dental plaque buildup and allows
one to assess the dynamic changes in SHS. However, the

issue of the clinical significance of determining the area
of bacterial activity on dental restorations is still poorly
understood.
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ANALYSIS OF THE RUSSIANS' AWARENESS OF BONE MARROW DONATION AND THE FEDERAL BONE
MARROW DONOR REGISTRY INFRASTRUCTURE

Butunts MA, Dyuzhina KA, Nifatova ES, Muradyan TG &
Pirogov Russian National Research Medical University, Moscow, Russia

Bone marrow transplant is the leading method to treat hematologic malignancies, immunodeficiency, and hereditary metabolic disorders. The Federal Bone Marrow
Donor Registry effectiveness depends directly on public awareness of bone marrow donation and infrastructure development. A comprehensive approach to public
awareness is necessary to increase the system effectiveness. The study aimed to investigate factors that influence joining the Federal Bone Marrow Donor Registry,
with a focus on motivation, sources of information, impact of infrastructure, environment, and common myths. The respondents (potential donors registered in
the Federal Registry; n = 3100) filled an online questionnaire of 24 questions aimed at studying and assessing the socio-demographic characteristics, motivation,
sources of information, influence of the environment, awareness of bone marrow donation, and readiness to donate. It was found that young adults aged 18-36
(n = 1860) more often join the Federal Registry through informal channels, such as work/school events (n = 843; 27.2%), while respondents over the age of 37
(n = 1240) prefer healthcare institutions (1 = 1590; 51.3%). Women make up the majority of potential donors (n = 2304; 74.3%), especially in Moscow (n = 1650; 74.5%),
while higher prevalence of myths is reported for the regions (n = 1646; 53.1%). The findings emphasize the need for the differentiated approach to information policy,
which will make it possible to increase the donor movement effectiveness nationwide. A key factor in scaling this work is partnership with commercial laboratories,
which significantly expands the Federal Registry recruitment network and provides convenient conditions for donors to join.
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AHAJTIN3 OCBEAOMJIEHHOCTU POCCUAH O AOHOPCTBE KOCTHOIO MO3rA
N NHOPACTPYKTYPbI ®EAEPAJIbHOIO PETMCTPA AOHOPOB KOCTHOIO MO3TrA

M. A. ByTyHu, K. A. JioxxuHa, E. C. Hudpatosa, T. I. MypazsH &
Poccuiickuin HaumoHanbHbI MCCReaoBaTensCKUA MEAULIMHCKIA yHUBepcuTeT nmenn H. V1. Muporosa, Mockea

TpaHcnnaHTaums KOCTHOrO MO3ra — BeAyLLWIA METOL, IeYEHIS 3/I0Ka4ECTBEHHbIX HOBOOOPA30BaHWIA KPOBW, MMMYHOAEMULINTHBIX COCTOSIHWA 1 HACNEACTBEHHBIX
MeTabonMHecKmx HapyLleHnin. OddexTnBHoCTb PefepanbHOro permcTpa AOHOPOB KOCTHOMO MO3ra HampsiMyto 3aBUCKT OT YPOBHS MHMOPMUPOBAHHOCTN
HaceneHns 0 OOHOPCTBE KOCTHOrO MO3ra 1 pasBUTUA MHMPPACTPYKTYPbl. [Ons noBbileHns 3deKTMBHOCTN CUCTEMbI HEOOXOOUM KOMMAEKCHbIA MOAXOL K
VHOPMMPOBaHMO Hacenenus. Liensto nccnegosanns 66110 ndyunTb hakTopbl, BAVSIOLLME Ha BCTynneHne B PefepasbHblii PercTp AOHOPOB KOCTHOMO MO3ra,
C aKLEHTOM Ha MOTUBALWIIO, MCTOYHMKM MHDOPMaLUWK, BAUSHME MH(PACTPYKTYPbI, OKPY>KEHUS 1 pacnpOCTpaHeHHbIX MUMOB. PecnoHaeHTb! (MoTeHUmabHbIe
[OHOpbI, cocToslme B PepepansHom pernctpe; n = 3100) 3anonHAnM oHNarH-aHKeTy 13 24 BOMPOCOB, HanpaBfeHHbIX Ha U3yYeHne 1N OLEHKY COLManbHO-
[emorpatu4ecKix xapakTepUCTUIK, MOTUBALWW, UCTOYHMKOB MHOPMAL, BIMSIHUS OKPYXKEHIS, OCBEAOMIEHHOCTY O AOHOPCTBE KOCTHOMO MO3ra 1 FOTOBHOCTH
K floHaumn. YCTaHOBNEHO, YTO Monogdple ntogn 18-36 net (n = 1860) valLle BcTynatoT B PefeparibHbii perncTp Hepesd HethopmasbHble KaHasbl, Takme Kak akuum Ha
pabote/yqebe (n = 843; 27,2%), pecnoHaeHTbl cTapLue 37 neT (n = 1240) npennovmTaoT MeaMLMHCKME opraHnaaumn (n = 1590; 51,3%). XKeHLLWHbI COCTaBNAoT
60MbLUMHCTBO NOTeHLMasbHbIX AOHOPOB (1 = 2304; 74,3%), ocoberHo B Mockse (n = 1650; 74,5%), B perrioHax 0TMevaeTcs 6oree BblcoKast pacnpoCTpaHEeHHOCTb
MndgoB (n = 1646; 53,1%,). MonydeHHble pesynsTaTbl NoAYePKMBaAIOT HEOOXOANMOCTb AN dEPEHLIMPOBAHHOIO NOAXOAa B MH(DOPMALMOHHOM NOUTUKE, YTO
NO3BOMNT NOBbICUTb 3(HEKTVBHOCTL OHOPCKOrO ABVKEHNS B MacluTabax cTpaHbl. KnodeBor (hakTop MacluTabupoBaHus aTol paboTbl — NapTHEPCTBO
C KOMMEPYECKVMI N1aboPaTOPUSIMKA, KOTOPOE 3HAYUTENBLHO PACLLUMPSET PEKPYTUHIOBYIO CeTb PefeparnbHOro peructpa v obecnevsaeT yaobHble YCnoBus Ans
BCTYM/EHNS JOHOPOB.

KntoueBble cnoBa: JOHOPCTBO, KOCTHbIA MO3T, FEMOMO3TUHECKME CTBOSOBbIE KNETKW, TpaHcnnaHTauus, TKM, TTCK, ®eaeparnbHbiii perycTp AOHOPOB KOCTHOMO Mo3ra

BKﬂa,D, aBTOPOB: M. A. E>yTyHLL — NnaHrpoBaHne nccnenoBaHns, aHasima nNnTepaTypbl, PEKPYTUHT NOTEHUMalIbHbIX JOHOPOB KOCTHOIoO Mo3ra, B3aI/IMO,D,eI7ICTBI/Ie C
MeOnUVHCKMIK opraHm3aunsaMmn, CTaTUCTUHECKNIA aHann3, NoAroToBKa pyKonucu, KA. ,DJO)KI/IHa — aHanma nmTeparypbl, C60p, aHanmM3 1 nHTepnpeTauna aaHHbIX,
PEKPYTUHI NoTeHUalibHbIX AOHOPOB KOCTHOIO Mog3ra, BSaVIMO,CLeVICTBVIe C MeONUVHCKUMIN opraHn3auysaMi; E. C. HI/ICbaTOBa — nNaHnpoBaHne nccrnenoBaHns,
aHanmMa nuTepartypbl, PEKPYTUHI NoTeHUManbHbIX OHOPOB KOCTHOIMO MO3ra, T Mypap,ﬂH — nnaHnpoBaHne nccnenoBaHnda, aHama nntepartypsbl, aHaams 1
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Bone marrow and peripheral blood hematopoietic stem cell
transplant (BMT/HSCT) represents a high-tech treatment
method. It is used for a broad range of disorders, including
hematologic malignancies, immunodeficiency, and hereditary
metabolic disorders [1]. The method is based on substitution of
the recipient’s abnormal hematopoiesis through administration
of hematopoietic stem cells obtained either from the patient
him/herself (autologous HSCT), or from the donor (allogeneic
HSCT) [2]. In turn, allogeneic HSCT is classified into procedures
involving cells obtained from the HLA-identical related donors,
haploidentical related donors, and unrelated bone marrow
donors showing acceptable compatibility. Historically, the first
successful allogeneic HSCT from the HLA-matched related
donor (sister) was performed by R. A. Good in 1968 in the USA
in a 5-month-old boy with primary immunodeficiency, while
the first successful allogeneic HSCT from the HLA-matched
unrelated donor was performed by E. D. Thomas in a 5-year-
old child with severe combined immunodeficiency in 1973, also
in the USA. In Russia, such intervention was first performed
in 1985, and the first pediatric HSCT from the related donor
was performed in 1991 by B. V. Afanasyev: a 5-year-old boy
with acute lymphoblastic leukemia was the recipient, and his
brother was a donor. In recent years, more than 2000 HSCT
procedures are annually performed in the country, and the rate
of allogeneic procedures is growing steadily (in 2023 it was
above 1000 cases) [3].

[t should be noted, that the bone marrow donor registry
represents a key element of the allogeneic HSCT system. In
2014, a unified Bone Marrow Donor Search (BMDS) database
was created in Russia at the Pavlov First Saint Petersburg
State Medical University. In 2022, the Federal Registry of the
Bone Marrow and Hematopoietic Stem Cell Donors, Donor
Bone Marrow and Hematopoietic Stem Cells, Bone Marrow
and Hematopoietic Stem Cell Recipients (Federal Registry) was
formed, and the Federal Medical Biological Agency was made
the Registry operator [4]. Today, it contains about 470,000
records of potential bone marrow donors (potential donors),
among them 312,000 are available for search. However, it is
necessary to expand the Federal Registry to 1 million people in
order to ensure effective selection of potential donors for 80%
of patients [5].

[t is important to note that the processes ensuring the bone
marrow donation are funded from the state budget (HLA typing,
medical examination of bone marrow donors, bone marrow
donation, transfer of bone marrow donors).

Despite the development of infrastructure, including
establishing the recruiting centers (RCs) at blood service
facilities and other healthcare institutions, there are still a
number of systemic problems. Only 35% of the population are
ready to become the bone marrow donors, which is due to
low awareness and high rate of myths about the procedure [6].
Thus, 47% of Russians believe that bone marrow donation is
a health hazard, and 60% expect painful sensations. Limited
access to the recruiting centers represents one more barrier:
there are no such centers in nine constituent entities, and in the
large constituent entities these are far from sufficient [7]. That
produces essential difficulties for potential donors, limiting their
access to the RCs and forcing them to travel long distances
for biomaterial (venous blood or buccal epithelium) sampling,
which can be a barrier to join the Federal Registry. Thus, further
development of the Federal Registry requires both proactive
media policy and expansion of infrastructure.

The study aimed to identify the key factors that influence
the person’s readiness for the bone marrow donation and
the differences in motivational factors that influence entry into

the Federal Bone Marrow Donor Registry depending on the
respondent’s gender, age, and personal experience, including
the impact of the rate of myths, trust in professionals, and the
Federal Registry infrastructure.

METHODS

The study was conducted in October—-November 2024 using
the online questionnaire survey. A total of 6900 potential bone
marrow donors registered in the Federal Bone Marrow Donor
Registry at the time of the survey recruited by the Pirogov
University were invited to take part in the study. An online
questionnaire was sent to potential donors via e-mail and
messengers using the contact data specified when joining
the Federal Registry. Among the potential donors invited to
take part in the study, 4664 (67.6%) were females and 2236
(32.4%) were males; the median age was 29.0 years (23-36).
A total of 3100 respondents registered in the Federal Bone
Marrow Donor Registry, who were recruited by the Pirogov
University and filled the questionnaire posted on the Google
Forms platform (Google LLC, USA), took part in the survey.
The questionnaire comprised 24 mandatory questions aimed
at investigating socio-demographic characteristics, motivation,
sources of information, influence of the environment, awareness
of bone marrow donation, and readiness to donate (Appendix).

The results of the respondent questionnaire survey results
were process by conducting statistical analysis using the
StatTech 4.8.3 software (StatTech, Russia).

The quantitative indicators were tested for normality using
the Kolmogorov—Smirnov test. The non-normally distributed
data are presented as the median and quartiles (Me [Q,—Q,] —
interquartile range (IQR)), categorical variables are presented
as absolute and relative rates (n, %) with the 95% confidence
interval (95% Cl), the Clopper—Pearson interval. Comparison
of two independent groups based on the quantitative trait
(when the distribution was non-normal) was performed using
the Mann-Whitney U test. Comparison of percentages in four-
field tables was performed using the Pearson’s chi-squared
test (with the expected rates = 10.0), and the odds ratio with
the 95% Cl was calculated to estimate the effect. The analysis
of multi-field tables was conducted using the Pearson’s chi-
squared test. The data were considered significant at p < 0.05.

RESULTS

The questionnaire survey conducted showed that there were
2304 (74.3%) females and 796 (25.7%) males among 3100
(100%) respondents, who completed the survey. The respodents’
median age was 31.0 years (24-37). The respondents’ median
age of joining the Federal Bone Marrow Donor Registry was
30.0 years (23-36). The largest number of respondents joined
the Federal Registry in Moscow — 2215 (71.5%), Moscow
Region — 284 (9.2%), Omsk Region — 113 (3.6%), and Saint
Petersburg — 83 (2.7%) respondents, respectively. As for other
constituent entities of the Russian Federation (61 constituent
entities), the number of the respondents, who joined the Federal
Registry, was 0.1-0.8%.

Among surveyed individuals, 2558 (82.5%) people had
heard about bone marrow donation before joining the Federal
Registry, while 542 (17.5%) people were not aware of that
previously.

Social media (information publics and channel, blogs),
information campaigns at work/school, stories told by colleagues/
friends/relatives were the main sources of information about
bone marrow donation for the respondents. When estimating
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M Social media (publics, channels, blogs)
[ Information campaigns at work/school
¥ Internet (websites)
Stories told by colleagues/friends/relatives/ acquaintances
Bl lliness of the loved one/relative/acquaintance
Bl TV (including radio)

[l Other

M Reliable, comprehensible information is enough

[l Reliable information is enough, but not all aspects
are clear

[ There were doubts about the information reliability
and/or sufficiency

Fig. 1. Channels of information about the Federal Registry: 1 — primary source of information, 2 — completeness and reliability of information, clarity of presentation

reliability of open-source information, 1523 (49.1%) people
believed that the information obtained was sufficient and
reliable, while 434 (14.0%) expressed doubts about reliability of
the information provided (Fig. 1).

Less that a half of the respondents, 1258 (40.6%), knew
about the myths related to bone marrow donation, while
1122 (36.2 %) encountered such myths personally. The most
common myths were as follows: “The procedure is a health
hazard”, “The bone marrow is collected from the spine or spinal
cord”, and “The procedure is very painful” (Fig. 2).

The vast majority of the respondents, 2551 (82.3%), got
all the questions about bone marrow donation answered
when consulting the Federal Registry expert. In 740 (23.9%)
respondents, it was the specialist’s advice that helped make
the decision to join the Federal Registry (Fig. 3).

&

B

M The procedure is a health hazard

[l The bone marrow is collected from the spine or spinal cord
[ The procedure is very painful

The procedure is associated with high risk of fatality
or disability

[l The procedure can result in hematologic malignancies or
immunodeficiency

Il Long recovery is required after the procedure

[l Other

The main reasons for joining the Federal Registry were
as follows: willingness to health the patients in need of HSCT
(2332 people; 75.2%); aspiration to be involved in socially
significant activities (666 people; 21.5%). A total of 2273
respondents (73.3%) expressed their willingness to donate
bone marrow immediately. Another 623 (20.1%) would like to
discuss the issue with their loved ones, but would make the
decision independently (Fig. 4).

According to the survey results, only 1175 people (37.9%)
received support from their families. Relatives of the majority of
the respondents are not registered in the Federal Registry (Fig. 5).

Awareness of the disorders, for which bone marrow
transplant is used, is as follows: 2420 people (78.1%) know
about these disorders; 2701 respondents (87.1%) have
knowledge about the HSCT procedure itself.

oD

I No, | have never encountered this

B Yes, | have encountered this, but | managed to get rid of myths
after reading the open-source information

[ Yes, | have encountered this, but | managed to get rid of myths
after talking to the Federal Registry employee

Fig. 2. Myths about bone marrow donation: 1 — the most common myths about bone marrow donation, 2 — experiences in addressing bone marrow donation myths

and counterstrategies
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B Yes, after this | joined the Registry

B Yes, but | joined the Registry later, after thinking over the
information obtained

[ No, I still had questions, so | turned to other sources of information,

and joined the Registry after getting familiar with these

[l No, | had made a positive decision earlier

B Yes, this contributed

I No, I made a positive decision after reviewing information
from other sources

Yes, but | joined the Registry later, after discussing the information

obtained with fellow men

Fig. 3. Consulting the Federal Registry specialist: 1 — potential donors’ satisfaction with counseling, 2 — influence on making the decision to join the Federal Registry

As for the sites for joining the Federal Registry, 2638 people
(85.1%) did it in their settlements. In 1445 (46.6%) people, the
most popular places were commercial partner laboratories of
the Pirogov University (Citylab, Russia; KDL Domodedovo-Test,
Russia). When assessing convenience of the facilities, where
the respondents successfully joined the Federal Registry, 2515
people (81.1%) reported that they were satisfied with the facility
location and working hours (Fig. 6).

The feedback on the biological sample receipt in the
laboratory and on entering the HLA typing results in the Federal
Registry is important for 3025 (97.6%) respondents.

DISCUSSION

The analysis conducted revealed some patterns and trends.
Thus, we managed to find out that the respondents under the
age of 37 years 27.2% more often joined the Federal Bone
Marrow Donor Registry during the donor events at work or in
educational institutions. The study participants aged 37-50
years preferred (in 51.3% of cases) joining the Federal
Registry at medical laboratories and blood service institutions
(o < 0.001).

1.1 03

[ The desire to help patients in need of bone
marrow transplant

[l The desire to be part of something that is beneficial

[ Bone marrow transplant saved
a relative/friend/acquaintance

The decision was unconscious and/or unmotivated

[l The desire to get universal praise and approval

Analysis of the sources of information showed the
strongly marked age-related specifics (p = 0.048): the youth
gets information primarily from the social media (974 people;
31.4%), friends’ stories (428 people; 13,8%) and websites (564
people; 18.2%), while people over the age of 37 years trust TV
(257 people; 8.3%), official information campaigns (887 people;
28.6%), and medical sources (282 people; 9.1%) more. We
revealed weak support of making the decision to join the Federal
Registry from loved ones and relatives (1230 people; 39.7%),
as well as their low involvement in bone marrow donation: in
2769 (89.3%), their loved ones and relatives are not registered
in the Federal Registry.

The structure of motivation also has some age-related
features (p = 0.013): the youth is characterized by the desire
to help (2117 people; 68.3%) and social activity (787 people;
25.4%), while the older generation is guided by personal
experience (270 people; 8.7%) and a conscious choice
(1897 people; 61.2%). The gender-based analysis revealed
greater willingness to donate in males (607 people out of
796; 76.3%) compared to females (1588 people out of 2304;
68.9%). Moreover, young people often agree immediately
(1365 people out of 1860; 73.1%), while people over the

0.4 01

[ 1 will definitely agree to donate

B 1 will discuss it with loved ones, but will make the decision on my own

[ My health status has changed, but | will agree
to donate after assessment

| will refuse to donate (other reasons)

B | would refuse to donate, if my loved ones are against it

Fig. 4. Motivation to donate bone marrow: 1 — primary motivation to join the Federal Registry, 2 — readiness to donate bone marrow immediately
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M | did not discuss this with relatives
M Relatives were supportive

[ Relatives were not supportive

B No, they are not registered
B Ves, some of them are registered

[ No, they are not registered due to age limitations

No, they are not registered due to the fact of having
contraindications

Fig. 5. Support of relatives and their involvement in bone marrow donation: 1 — discussing the plan to join the Federal Registry, 2 — relatives’ status in the Federal

Registry

age of 37 years need further discussion (786 people out of
1240; 63.4%).

The study has cofirmed a significant influence of myths on
decision making (p = 0.047): among 1205 respondents, who
had faced those, a total of 172 probable refusals of donation
in the future (14.3%) were reported, while only 59 probable
refusals (3.1%) were reported among 1895 respondents, who
encountered no myths. The youth faces myths more often
(792 people out of 1860; 42.6%), than the older generation
(369 people out of 1240; 29.8%), and the highest rate of myths
is reported for the regions (1646 cases out of 3100; 53.1%) vs.
1004 cases (32.4%) in large cities.

The region and gender-based analysis revealed predominance
of females among potential donors in all the regions (2201-2449
people; 71.0-79.0%), with maximum rate in Moscow (1650
females among 2215 donors; 74.5%) and minimum rate in
the regions (158-180 females per region, 51.0-58.0%). These
data emphasize the need to develop differentiated approaches
to information work and donor movement arrangement
considering the identified age, gender, and regional features.

\

M At the commercial partner laboratory
Citylab/KDL

B At work/school during whole
blood sampling

[ At the Blood Center/Blood Transfusion Center during

whole blood sampling

At work/school — joined the Federal Registry only

Fig. 6. Sites most convenient for joining the Federal Registry

BULLETIN OF RSMU | 3, 2025 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2025.032

CONCLUSIONS

Thefindings conclusively demonstrate the need for a comprehensive
differentiated approach to the development of the Federal
Bone Marrow Donor Registry. The data analysis has shown
considerable variability of motivation, information channels, and
the factors affecting making the decision to join the Federal
Registry across varios socio-demographic groups. According
to the data, 46.6% of potential donors joined the Federal
Registry via commercial partner laboratories of the Pirogov
University, while only 11.1% did it in blood service facilities,
which confirms the important role of the commercial partner
laboratory participation in the Federal Registry development.
Such situation results from significant representation of the
networks of medical offices of commercial laboratories in both
central large cities, where there are blood service institutions,
and in the towns with no donor infrastructure, as well as from
convenient working hours (most often from 8:00 to 20:00,
including weekends). This is especially important for the core
audience — young adults (students, employees), whose

B At the Blood Center/Blood Transfusion Center — joined
the Federal Registry only

B At the conference/exhibition

M In the city park
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training or work schedule coincides with the schedule of
blood service facilities. Thus, commercial partner laboratories
significantly improve accessibility of joining the Federal Registry
due to offered convenient terms: schedule and geographical
proximity. The study confirms critical importance of the
information campaign personalization considering age-and-
gender features and regional specifics. Taking into account the
influence of relatives on making the decision to join the Federal
Registry, special attention should be paid to information work
with the older audience, i.e. the young adults’ parents, on
whom the existing myths and misconceptions of bone marrow
donation resulting in the refusal to join the Federal Registry or
donate bone marrow to recipients upon receiving the request
from the transplant center, are projected. Optimization of the
information system and arrangement of bone marrow donation
popularization require the development of the multidimensional
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INTRANASAL LIPOPOLYSACCHARIDE ADMINISTRATION TO SPRAGUE-DAWLEY RATS AS A BIOMODEL
OF ACUTE RESPIRATORY DISTRESS SYNDROME

Kiseleva VW'B, Vishnyakova PA?, Kosyreva AM?, Kananykhina EYu®, Emelianov II', Elchaninov AV®, Fatkhudinov TH?

" Patrice Lumumba Peoples' Friendship University of Russia, Moscow, Russia

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

8 Petrovsky National Research Centre of Surgery, Moscow, Russia

High fatality rate and the lack of pathophysiological therapy are typical for acute respiratory distress syndrome (ARDS). Intratracheal lipopolysaccharide (LPS)
administration is used to model ARDS in animals. The method has the limitation of requiring the use of equipment to perform intubation and control the animal’s
state. The study aimed to assess the possibility of using intranasal LPS administration instead of intratracheal and determine the LPS optimal dose. A total of 150 mL
of the E. coli O111:B4 LPS (7.5 mg/kg or 15 mg/kg) or 0.9% NaCl was administered to 21 Sprague-Dawley rats. After 48 h blood was collected from the tail vein
to determine the white blood cell count and TNFa concentration. The lungs were retrieved to assess dry weight (wet/dry ratio) and to determine the expression of
the genes encoding pro- and anti-inflammatory cytokines using real-time PCR. The relative counts of CD68-, CD86-, and MHC lI-positive cells in the lung tissue
were also evaluated using flow cytometry. The w/d ratio was higher when the dose of 15 mg/kg of body weight was used (p = 0.0228, ordinary one-way Anova).
Blood lymphocyte counts were decreased (p = 0.0019, ordinary one-way Anova), and neutrophil counts were increased (p = 0.0021, ordinary one-way Anova)
upon administration of both doses. The counts of CD86- (p = 0.0014, ordinary one-way Anova) and MHC ll-positive cells (p = 0.0050, ordinary one-way Anova)
increased after LPS administration. The IL70 gene expression was significantly increased upon administration of the dose of 15 mg/kg (p = 0.0024, ordinary one-
way Anova), while the IL4 expression (o = 0.0194, ordinary one-way Anova) was decreased upon administration of the dose of 7.5 mg/kg. Thus, intranasal LPS
administration can be used to model ARDS in the Sprague-Dawley rats. Administration of the high dose leads to the rapid development of inflammation in the lung.
Keywords: lipopolysaccharide, LPS, Sprague-Dawley rats, cytokine, animal model, ARDS, expression level
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MHTPAHA3AJIbHOE BBEAEHUE NUMOMONIMCAXAPUOA KPbICAM SPRAGUE-DAWLEY
KAK BMOMOJEJIb OCTPOIO PECIMNPATOPHOI'O ANCTPECC-CUHOPOMA

B. B. Kucenesa'=, . A. BuliHakosa?, A. M. Kocbipesa®, E. 0. KaHaHbixuHas, V. V. EmenbsiHoB!, A. B. Enb4aHunHoB®, T. X. ®atxyomHos®

T Poccuinckumin yHMBepCUTeT Apy>k6bl HapodoB vMeHw MNatpuca Jlymym6bl, Mockea, Poccus

2 HaumoHanbHbIN MEAVLIMHCKUIA YCCRenoBaTenbCKUN LIEHTP akyLLepCcTBa, MHEKOoMormn 1 nepuHatonorim nmenmn B. . Kynakosa, Mocksa, Poccusi

3 PoccuiicKmin Hay4YHbI LeHTP Xupyprn nvenn b. B. MeTpoBckoro, Mockea, Poccuist

[nsa ocTporo pecnupaTtopHoro auctpecc-cuHapoma (OPLC) xapakTepHbl BblcOKas 4acToTa leTallbHbIX MCXOLOB 1 OTCYTCTBUE NaTtoU3nonorn4eckon
Tepanun. na BocnpoudseneHns y xmBoTHbIX OPOC ncnonb3ytoT nHTpatpaxeansHoe BBeaeHve nunononvcaxapuaa (JTNC). OrpaHnyeHnem metoga saensetcs
HeobXxoAMMOCTb MCMOMNb30BaHKS 060PYAOBaHMS AN BbINOMHEHNUS UHTYOALMN 1 KOHTPOSS 38 COCTOSIHMEM XXMBOTHOTO. Llenbto nccnefoBaHmst 6610 OLEHUTD
BO3MOXXHOCTb 1CMONb30BaHNA MHTpaHasanbHoro BefeHus JINC BMECTO MHTpaTpaxeasbHoro 1 onpegenuTs ero ontumansHyto aoay. JIMC E. coli O111:B4
7,5 mr/kr nnmn 15 mr/kr nn NaCl 0,9% B o6beme 150 mkn BBOanmM 21 Kpbice Sprague-Dawley. Hepes 48 4 KpoBb 13 XBOCTOBOW BEHbI OTOMPan Ana onpeaeneHns
nenkoumTapHon dopMynbl 1 kKoHueHTpauun TNFa. Jlerkue nssnekanm ans oueHkn cyxoro octatka (Wet/dry ratio), onpepeneHuns ypoBHe 3KCnpeccun reHos
Mpo- ¥ MPOTMBOBOCMANNTENBHBIX LTOKMHOB MeTodoM MLP-PB, onpeneneHus otHocuTensHoro konmdectsa CDE8, CD86 1 MHC Il monoxkuTensHbIX KNeToK
B TKaHW Nerkoro MeTofoM npotodHon uitometpur. W/d ratio 6bino Bbilwe npn fose 15 Mr/kr maccel Tena (p = 0,0228, Ordinary one-way Anova). B kposu
copepxaHve numdounToB BbINo cHkeHo (p = 0,0019, Ordinary one-way Anova), a HernTpodunoB nosbieHo (o = 0,0021, Ordinary one-way Anova) npu
obenx posax BeegeHus. Konndectso CD86 (p = 0,0014, Ordinary one-way Anova) u MHC Il nonoxxutensHbix knetok (o = 0,0050, Ordinary one — way Anova)
nosbiwanock nocne seegeHust JNC. YposeHb akcnpeccun reHa IL10 6bin 3Ha4nMmo nosbiweH npu fose 15 mr/kr (p = 0,0024, Ordinary one-way Anova),
alL4 (p = 0,0194, Ordinary one-way Anova) CHWxeH npu fo3e 7,5 Mr/kr. Takum 06pa3oM, nHTpaHasanbHoe BeedeHue JINC MOXeT ObiTb MCNofb30BaHO AN1s
BocnpousseneHnss OPLC y kpbic Sprague-Dawley. Bbicokast [03a BBEAEHVSt NPUBOANT K ObICTPOMY Pa3BUTUIO BOCMAIMTENbHbIX MPOLIECCOB B JIErKKIX.

KnioueBble cnosa: nunononvcaxapug, JIMC, kpbickl Sprague-Dawley, LMTOKMH, Moaenb Ha »xxunBoTHbIX, OPLC, ypoBeHb aKcnpeccum
®uHaHcupoBaHue: paboTta nogaep)KaHa PocCuinckm Hay4HbIM hoHaoM (Homep rpaHTa 24-25-00203).
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Acute lung injury and acute respiratory distress syndrome (ARDS),
representing its most severe form, are complex, multifactorial
disorders. Today, there is no pathophysiological therapy for
ARDS, and treatment remains exclusively symptomatic, which
makes studies of this disorder relevant [1]. The use of animal
models is essential for both assessment of pathophysiological
processes associated with the disease development and
estimation of potential drug efficacy.

The effectiveness of human ARDS reproduction in an
animal model is assessed based on the presence of major
morphological alterations that are typical for the disorder:
presence of intra-alveolar edema; elevated neutrophil counts in
the interalveolar septa; hyaline membrane formation leading to
the interalveolar septa thickening; formation of microthrombi [2].
The extent of these alterations is usually assessed within 24 h;
longer times after the LPS administration remain understudied.

Various animal species, from rodents to anthropoid apes, are
used to model ARDS [3]. ARDS is most often simulated in mice
and rats due to maximum affordability and ease of handling.
Several approaches to ARDS modeling are distinguished: direct
and indirect lung injury (intranasal/intratracheal or intravenous
administration of the bacterial wall lipopolysaccharide (LPS) of
Gram-negative bacteria), as well as combined models.

LPS consists of three parts determining its immunogenicity.
The A lipid “anchors” the LPS molecule in the cell wall of
Gram-negative bacteria and binds the O-chain on the bacterial
surface via the core polysaccharide. The O-chain is unique for
each bacterium; it provides the basis for serotyping historically
used for identification of Gram-negative bacteria. It is believed
that bacteria that form smooth colonies have a less pyrogenic
O-chain consisting of the repeating disaccharides, and LPS
from the bacterium having no O-chain is the most immunogenic.

The benefit of using LPS to model ARDS is represented
by its relative affordability and the possibility of standardizing
the experiments. However, it is worth remembering that LPS
formulations often contain contaminants, such as bacterial
lipoproteins, which can affect the LPS biological effects.

After entering the body LPS is recognized by the Toll-like
receptor 4 (TLR4) on the surface of monocytes, macrophages,
and dendritic cells. The lipopolysaccharide-binding protein
(LBP) and CD14, playing the role of co-receptors in this
interaction, contribute to activation of the MyD88 and TRIF-
dependent signaling pathways [4]. These cascade reactions
lead to activation of the transcription factors NF-kB/MAPK
(mitogen-activated protein kinases) and IRF3, respectively. As
a result, production of pro-infammatory cytokines TNFa, IL6,
IL1B and type | interferons is stimulated, which mediates the
development of inflammation [4].

ARDS modeling involving the use of intratracheal LPS
administration is currently used more often than intranasal
administration, which results from the more targeted effect
on the lower respiratory tract. However, such an approach
requires the use of specific equipment for LPS delivery in
the lower respiratory tract through the nose or through drug
administration via the tracheal incision, which increases the
animal's recovery time and bears the risk of the surgical wound
infection. This may increase both the research time frame and
the financial resources required to implement the research.
Furthermore, there are data suggesting comparable effects of
both administration methods. Comparison of intranasal and
intratracheal administration of the 055:B5 Escherichia coli LPS
was performed in 12 female C57BI/6 J mice by the researchers
from Canada guided by Fatemeh Khadangi. One LPS dose
and withdrawal of animals from the experiment after 24 h were
used. The authors showed that the administration route did

not affect the inflammation severity; however, lower variability
of the studied parameters (cell counts and total protein levels
in bronchoalveolar lavage, dry lung weight, inflammation
severity based on the lung histological slides, and mechanical
ventilation indicators) within the group when using intranasal
administration [5].

Other authors have shown that intratracheal administration
of the E. coli O111:B4 LPS results in bronchopneumonia,
increased counts of bone marrow-derived macrophages and
macrophages with inflammatory phenotype in bronchoalveolar
lavage. The development of local inflammation in the lung was
reflected in high expression of pro-inflammatory cytokines and
low expression of anti-inflammatory cytokines. High serum
C-reactive protein levels were reported at the systemic level [6].

The study aimed to assess the possibility of using intranasal
LPS administration to Sprague-Dawley (SD) rats for ARDS
simulation and compare alterations in the rat lung after a single
administration of LPS in a dose of 7.5 mg/kg or 15 mg/kg.

METHODS
Intranasal LPS administration

Male Sprague-Dawley rats weighting 250-280 g were obtained
from the Stolbovaya breeding nursery (Moscow Region, Russia).
The animals were kept with natural light, at a temperature of
20-22 °C and relative air humidity of 60-70%. The animals
had ad libitum access to the drinking water and pelleted feed
(Laboratorsnab LLC, Russia).

The study involved 21 animals. A total of 150 pL of the
E. coli O111:B4 LPS (Sigma, USA), 7.5 mg/kg or 15 mg/kg,
was administered intranasally to experimental animals under
heavy injection anesthesia (Zoletil, Virbac, France). The control
rats were administered 150 pL of saline (NaCl 0.9%).

Lungs of 10 rats were retrieved 48 h after administration of
the 0.9% NaCl (three animals), LPS in a dose of 7.5 mg/kg of
body weight (four animals), and LPS in a dose of 15 mg/kg of
body weight (three animals) to determine dry weight.

In nine rats (the same groups, three animals per group),
the right lung was retrieved 48 h after administration of LPS or
0.9% NaCl. A small part of those was placed in the RNA fixative
(Evrogen, Russia) for further RNA extraction, performing RT and
PCR aimed at estimating the local inflammation severity. The
remaining lung was homogenized, fixed and stained in order to
determine the CD68, CD86, and MHC Il macrophage markers by
flow cytometry. A total of 2-3 mL of blood was collected from the
tail vein of the same animals for serum extraction and enzyme-
linked immunoassay aimed at assessing the TNFa concentration
(Cloude-Clone, #SEA133Ra) and complete blood counts.

Finally, lungs of another three intact animals were used to
determine macrophage markers by flow cytometry.

Wet/dry ratio estimation

To assess the edema severity, lungs of 10 animals were
retrieved and weighted 48 h after administration of LPS or
saline. Re-weighting was performed after 7 days of drying lungs
at a temperature of 60 °C. The wet/dry ratio was calculated by
dividing the lung weight 48 hours after LPS injection by the
weight after drying [8].

RNA extraction, reverse transcription, and PCR

Total RNA was extracted from the samples of the right lung
placed in the IntactBNA (Evrogen, Russia) using the Magzol
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reagent (Magen, China) in accordance with the manufacturer’s
instructions in order to determine the expression of the genes
encoding pro- (TNFa, IL18, IL13, IL1B) and anti-inflammatory
(IL10, IL4) cytokines, genes of the enzymes involved in arginine
metabolism (NOS2 and Arg1), and the gene of the NF-kb
transcription factor. The first cDNA chain for determination of
gene expression was obtained from 1 ug of total RNA using
the MMLV RT kit (Evrogen, Russia) in accordance with the
manufacturer’s instructions.

Table 1. Key reagents and materials used in the study

Real-time PCR was conducted in the volume of 25 pL
containing 400 ng of the first cDNA chain using 400 nM
of forward and reverse primers (sequences are provided
in Table 1) and 5x gPCRmixHS SYBR (Evrogen, Russia).
All the reactions were carried out in triplicate in the
DTprime DT96 cycler (DNA-Technology, Russia) under the
following conditions: initial denaturation — 95 °C 5 min;
40 amplification cycles including denaturation — 95 °C 15 s,
annealing — 60 °C 12 s, and elongation — 72 °C 15 s.

Reagents, instruments, and resources | Manufacturer | Catalogue number
Chemical substances, peptides, and recombinant proteins
E.coliO111:B4 LPS | Sigma-Aldrich, USA | #LPS25
Key commercially available kits
IntactRNA Evrogen, Russia #BC031
ELISA Kit for Tumor Necrosis Factor Alpha (TNFa) Cloude-Clone, China #SEA133Ra
MMLV RT kit Evrogen, Russia # SK021
Magzol Magen, China #R480101
5x gPCRmixHS SYBR Evrogen, Russia #PK147L
Instruments
DTprime DT96 DNA-Technology, Russia NA
Multiskan FC Microplate Photometer Thermo Scientific NA
BD FASC Calibur flow cytometer Becton, Dickinson and Company, USA
Animals
Male Sprague-Dawley rats Stolbovaya breeding nursery, Russia NA
Primers 3’-5’
IL4
For - ATGTAACGACAGCCCTCTGA Evrogen, Russia NA
Rev - AGCACGGAGGTACATCACG
TNFa
For - CCACCACGCTCTTCTGTCTA Evrogen, Russia NA
Rev - GCTACGGGCTTGTCACTCG
IL1B
For - CTGTCTGACCCATGTGAGCT Evrogen, Russia NA
Rev - ACTCCACTTTGGTCTTGACTT
IL10
For - GCCCAGAAATCAAGGAGCAT Evrogen, Russia NA
Rev - TGAGTGTCACGTAGGCTTCTA
Arg-1
For - GGATGAGCATGAGCTCCAAG Evrogen, Russia NA
Rev - GCCAGCTGTTCATTGGCTT
IL18
For - GACAAAAGAAACCCGCCTG Evrogen, Russia NA
Rev - ACATCCTTCCATCCTTCACAG
IL13
For - CCAGAAGACTTCCCTGTGCA Evrogen, Russia NA
Rev - CCCTCAGTGGCCATAGCG
NOS2
For - CGCTGGTTTGAAACTTCTCAG Evrogen, Russia NA
Rev - GGCAAGCCATGTCTGTGAC
NF-kb
For - AGAGCAACCGAAACAGAGAGG Evrogen, Russia NA
Rev - TTTGCAGGCCCCACATAGTT
b2m
For - CTCGCTCGGTGACCGTGAT Evrogen, Russia NA
Rev - GGACAGATCTGACATCTCGA
Other
Zoletil VIRBAC, France NA
Laboratorsnab LLC, conformity certificate No. ROSSRU.nO81.
Pelleted feed B00113, GOST P50258-92, Russia #K-120-1
Floriadae [https://floreada.io/ ] Online tool for cytometry data calculation [7] NA
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Specificity of the product yielded was tested by the PCR
product melting curve analysis using the Real Time PCR
software tool (DNA-Technology, Russia). Threshold cycles
(Ct) for all the studied genes were determined based on
the fluorescent signal accumulation curve. Relative gene
expression was calculated by the 22 (-AACt) method. The
housekeeping beta-2 microglobulin gene was used to
normalize the expression of each gene.

Flow cytometry

Levels of the pan-macrophagal marker CD68, CD86 typical for
pro-inflammatory macrophages, and MHC |l typical for anti-
inflamsnmatory macrophages were assessed by flow cytometry.
For that lungs of 12 animals (intact animals, animals post
administration of the 0.9% NaCl and LPS in a dose of 7.5 mg/kg
or 15 mg/kg; three animals per group) were mechanically
homogenized, then passed through a cell strainer with the
pore diameter of 100 pm to eliminate the remaining large
fragments and fixed with the 2% paraformaldehyde. A total of
106 cells were used for permeabilization with the Inside
Perm reagent (#130-090-477, Miltenyi, Germany). CD68
was stained with FITC (#130-133-301, Miltenyi, Germany)
or CD68 PE-Vio 770 (#130-134-152 Miltenyi, Germany),
CD86 with Vio Bright FITC (#130-109-180 Miltenyi,
Germany), and MHC Il with PE (#205308, Biolegent). At
least 50,000 events were acquired using a BD FACS Calibur
flow cytometer (USA). The relative number of CD68, CD86
n MHC ll-positive cells was assessed using the Floriadae
online tool [7].

Enzyme-linked immunoasay

To determine serum TNFa concentration, 2 mL of blood were
collected from the tail vein of the SD rat under heavy anesthesia
into test tubes with clotting activator. Centrifugation was
performed at 3200 rpm for 20 min. Then serum was collected
in the new tubes and stored at —20 °C. Assay was performed
using the ELISA Kit for Tumor Necrosis Factor Alpha (TNFa)
(Cloude-Clone, China, #SEA133Ra) in accordance with the
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Fig. 1. Results of the lung dry weight determination performed 48 h after the
intranasal E. coli O111:B4 LPS administration. Significantly high W/D relative to
the control group was determined upon administration of the dose of 15 mg/kg
of body weight (p = 0.0228, ordinary one-way Anova)

manufacturer’s instructions. Optical density was determined at
the wavelength of 450 nm using the Multiskan FC Microplate
Photometer (Thermo Scientific, USA).

Statistical analysis

Statistical analysis was performed using the Prism 8.0 software.
The Mann-Whitney U test was used when comparing two groups;
ordinary one-way ANOVA was used when comparing a larger
number of groups. The differences were considered significant at
p < 0.05. Box plots including the median and the upper/lower
extremes were used for graphic representation of the data.
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Fig. 2. Complete blood count alterations 48 h after the intranasal LPS administration (A) and serum TNFa concentrations (B). A. Relative lymphocyte counts are
decreased compared to the control group (p = 0.0019, ordinary one-way Anova), while neutropil counts are elevated upon administration of both doses (p = 0.0021,
ordinary one-way Anova). B. A more than 4-fold increase in serum concentration of the TNFa pro-inflammatory cytokine relative to the control group was observed after

the LPS administration, but the differences were non-significant
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Fig. 3. Lung tissue alterations 48 h after the intranasal LPS administration. A. The counts of cells carrying the marker that is typical for CD86 pro-inflammatory
macrophages are elevated relative to the intact lung in all groups (o = 0.0014, ordinary one-way Anova). The counts of cells carrying the marker that is typical for MHC
Il anti-inflammatory macrophages (p = 0.0050, ordinary one-way Anova) are significantly increased relative to the intact lung after intranasal administration of both
LPS doses. The counts of MHC lI-positive cells are elevated relative to the group administered saline after LPS administration in a dose of 7.5 mg/kg of body weight.
B. When the LPS dose of 15 mg/kg of body weight was administered, there was a significant increase in the IL 70 gene expression (ordinary one-way Anova, p = 0.0024)
relative to the group administered saline (0.9% NaCl group). IL4 expression decreased (ordinary one-way Anova, p = 0.0194) upon administration of the dose of 7.5 mg/kg
of body weight. As for genes IL78 and IL10, the significantly high expression was reported after administration of the LPS dose of 15 mg/kg of body weight (ordinary

one-way Anova, p (IL18) = 0.009, p (IL10) = 0.0024)
RESULTS

The development of acute lung injury was assessed primarily
based on the wet-to-dry ratio (W/D), which is an objective
indicator of lung tissue water content and reflects the
development of the exudative phase of acute respiratory distress
syndrome (ARDS). The entire lung was used to determine the
W/D ratio. A significantly high W/D relative to the control group
was determined after administration of the dose of 15 mg/kg
of body weight (p = 0.0228, ordinary one-way Anova) (Fig. 1).

At the systemic level intranasal administration of both LPS
doses resulted in the significantly low relative lymphocyte
counts (p = 0.0019, ordinary one-way Anova) and significantly
high neutrophil counts (o = 0.0021, ordinary one-way Anova).

After LPS administration the experimental rats showed a
more than 4-fold increase in serum concentrations of the TNFa
pro-infammatory cytokine compared to the control group,
however, the differences were non-significant (Fig. 2).

It is well known that macrophages determine the ARDS
outcome. That is why the relative counts of cells carrying the
CD68 pan-macrophagal marker and the markers reported for
both pro-inflammatory and anti-inflammatory macrophages
(CD86 and MHC I, respectively) were assessed in the rat
lung homogenates during the next stage [9-11]. Experimental
animals showed significantly high levels of CD86-positive
cells in the lung relative to intact animals after administration
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of both LPS doses (p = 0.0014, ordinary one-way Anova);
when the LPS dose of 7.5 mg/kg of body weight was used,
the significantly high levels of MHC ll-positive cells were also
observed (p = 0.0050, ordinary one-way Anova) (Fig. 3).

The development of local inflammation was assessed
through determining the expression of genes of the TNFa, IL1,
IL13, and IL18 pro-inflammatory cytokines, gene of the NF-kb
transcription factor, genes of IL10 and IL4 anti-inflammatory
cytokines, as well as genes of the enzymes involved in arginine
metabolism, NOS2 and Arg1 (Fig. 3).

Expression of the IL10 gene was significantly increased in
the experimental animals administered LPS in a dose of 15 mg/kg
of body weight (ordinary one-way Anova, p = 0.0024), while
the IL4 expression was decreased in those administered the
dose of 7.5 mg/kg of body weight (ordinary one-way Anova,
p = 0.0194) compared to the animals administered saline.
As for genes IL18 and IL10, there were significant differences
between the animals administered different LPS doses (ordinary
one-way Anova, p = 0.009 and 0.0024, respectively).

Comparison of the extent of the expression change
(2N (-AACY)) after administration of two LPS doses relative
to the group administered saline using the Mann-Whitney U
test showed a significant increase in expression of the I1L18
pro-inflammatory cytokine and IL10 anti-inflammatory cytokine
genes after administration of the dose of 15 mg/kg of body
weight (Table 2).
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Table 2. Changes in expression of the studied genes in the rat lung after administration of two LPS doses relative to the control group

27 (-AACt) relative to the 0.9% NaCl group, 27 (-AACt) relative to the 0.9% NaCl group, Pvalue, Mann-Whitney U test
administration of the dose of 7.5 mg/kg administration of the dose of 15 mg/kg (comparison of two doses)
Genes of pro-inflammatory cytokines and transcription factor
TNFa
0.58 (= 0.66) | 0.77 (= 0.14) | 07
IL18
0.69 (+0.12) | 1.25 (0.13) | 0.05
IL13
1.11 (£ 0.1) | 1.09 ( 0.62) | 035
IL1B
0.34 (= 0.32) | 0.79 ( 0.21) | 0.1
NF-kb
0.73 (+ 0.14) | 1.11 (+ 0.26) | 0.1
Genes of anti-inflammatory cytokines
IL10
1.41 (£ 0.31) | 2.44 (+ 0.34) | 0.05
L4
0.9 ( 0.11) | 0.51 ( 0.47) | 035
Genes of the enzymes involved in arginine metabolism
NOS2
2.19 (= 1.00) | 1.19 ( 0.26) | 0.1
Arg1
0.64 ( 0.44) | 1.05 (+ 0.3) | 02

DISCUSSION

Modeling ARDS to study its pathogenesis and search for
potential therapy is a non-trivial task, which is largely due to the
pathogenetic features’ complex nature.

It is common to distinguish three disease phases, regardless
of the cause: exudative, proliferative, and fibrotic. The ARDS
exudative phase lasts 1-7 days. During this period the
damaging factors lead to disruption of the blood-air barrier and
the development of intra-alveolar edema [1]. In the majority of
papers, neutrophil infiltration of the inter-alveolar septa and the
development of intra-alveolar edema are assessed in the lung
within 24 h. ARDS model validation within 48 h is a feature of
this study. The significantly high ratio of the lung weight after
retrieval of the lung from the animal’s body to its dry weight,
when administered the E. coli O111:B4 LPS dose of 15 mg/kg
of body weight, suggests high liquid content in the lung tissue,
which indicates the exudative phase of the disease.

At the systemic level the signs of inflammatory response
development were reported, which was indicated by the
significantly low relative lymphocyte counts and significantly
high neutrophil counts. Lymphocytes are cells of the adaptive
immune system that help the body to withstand invasion
of pathogenic microorganisms, including via attraction of
neutrophils to the foci of infection during acute inflammation.
The cascade of reactions resulting in bone marrow stimulation
and the release of a large number of neutrophils into the
circulatory system is triggered under the LPS exposure [12].
Low lymphocyte counts can result from redistribution of cells
to the inflammatory focus [13]. Similar alterations were revealed
when sequencing mononuclear blood cells in individuals
suffering from ARDS relative to healthy donors. Low counts of
the major lymphocyte representatives, B cells and CD4 T cells,
were reported [14].

The phenomenon referred to as “cytokine storm” that
is characterized by high blood levels of pro-inflammatory
cytokines (TNFa, IFNy, IL6, IL1p) is a typical feature of ARDS.
It has been shown that TNFa is involved in the development
of fever, systemic inflammation enhancement, antimicrobial
response activation, and increase in secretion of other pro-
inflamsnmatory cytokines (such as IL6). TNFa activates the NF-kB
transcription factor that stimulates numerous genes involved in
inflammatory response [15].

The lung is a barrier organ with the enormously developed
system of protection against microorganisms. Macrophages
are the first cells responding to foreign invasion. Two types of
macrophages are distinguished in the lung: alveolar macrophages
inhabiting the alveoli and interstitial macrophages found in
the interstitial space [16]. Phenotype of the first is described
as pro-inflammatory with high expression of IL10 and TGFf
[17]. Interstitial macrophages currently represent an extensively
studied cell population [16]. Macrophages recruited from blood
monocytes have a phenotype that is close to pro-inflammatory.
These express large amounts of the co-stimulatory CD86
molecules essential for adequate antigenic signal transduction
in complexes with the type 1 major histocompatibility complex
(MHC 1) molecules [9]. The disease outcome depends on
the balance between two states of alveolar macrophages.
Furthermore, it has been shown that the MHC Ilhi memory
cell population is formed of those in case of viral disease [18,
19]. Pro-inflammatory macrophages predominate over anti-
inflaonmatory cells in the exudative phase. Activation of the
macrophage pattern recognition receptors leads to generation
of the inflammasome, in which caspase-1 contributes to the
IL1 and IL18 maturation. The disease progression can be
severe, if the inflammasome maturation process is disturbed. In
the ARDS proliferative phase, pro-inflammatory macrophages
are replaced by the anti-inflammatory macrophages that
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remove cellular debris and release anti-inflammatory cytokines.
[t has been shown that abnormal efferocytosis can result in
the prolonged inflammation observed in ARDS; moreover,
at this stage excessive participation of anti-inflammatory
macrophages in matrix reorganization processes can lead to
chronic fibrosis and occlusion of blood vessels [20]. Thus, the
increased counts of the CD86 and MHC lI-positive cells we
have revealed suggest that the lung macrophages are in the
transitional state 48 h after the intranasal LPS administration:
between pro-inflammatory and anti-inflammatory [18].

At the gene level it has been reported that intranasal
administration of the LPS in a dose of 15 mg/kg of body weight
results in alteration of expression of the genes encoding both pro-
and anti-inflammatory cytokines (IL18 and IL10, respectively).
Furthermore, the use of the higher dose significantly activated
the anti-inflammatory immune response, which was indicated
by high IL70 gene expression [21]. IL10 plays an ambiguous role
in the ADRS pathogenesis: it can both contribute to the disease
resolution through inhibition of pro-inflammatory cytokine (such
as TNFa, IL1B, IL6, and IFNy) secretion and complicate the
disease due to the decreased stem cell differentiation into type
Il pneumocytes, thereby preventing lung recovery [22]. High
IL70 expression can potentially be an indicator of macrophage
polarization into the anti-inflammatory phenotype, which is
consistent with high levels of MHC lI-positive cells based on
the flow cytometry results [17].

The IL18 pro-inflammatory cytokine that was first described
as a factor inducing interferon IFNy through effects of both
innate and adaptive immune response is involved in protection
against infectious agents and anti-tumor immunity. Activation
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NEWBORN SCREENING IN NORTH OSSETIA IN 2023-2024
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Mass screening of newborns for 36 hereditary diseases in the Russian Federation will enable the reduction of childhood disability and mortality from hereditary disorders,
as well as the identification of all-Russian and regional population-genetic features of the screened disorders. The study aimed to assess the results of newborn
screening (NBS), including expanded newborn screening (ENBS), in the Republic of North Ossetia-Alania obtained between January 1, 2023, and December 31, 2024,
as well as to study clinical and population-genetic characteristics of the diseases screened in the region. In phase | of assessment, biochemical testing, tandem mass
spectrometry, and DNA diagnostics were performed, and the TREC/KREC levels were determined in 14,994 newborns. In 355 cases (2.36%), positive values were
revealed. In phase Il, the necessary laboratory and subsequent confirmatory DNA diagnostics were carried out in 324 cases (91.2%): repeated analysis by MS/MS
and DNA diagnostics (for hereditary metabolic diseases), immunophenotyping (for primary immunodeficiency states). During the 2-year study, a total of 37 diagnoses
were established, which accounted for 0.25% of all children screened in phase | and clearly indicated the program's success and effectiveness. We managed to verify
the specific spectrum of mutations characteristic of phenylketonuria (PKU) and medium-chain fatty acid acyl-CoA dehydrogenase deficiency (MVCADD). The frequency
of the disorder assessed within the framework of newborn screening was determined. The frequency of all PKU forms was 1 : 1153 newborns, and the frequency
of MCADD was 1 : 789 newborns surveyed. All children are listed as sick in the medical genetic consultation of the Republic of North Ossetia-Alania; they receive
treatment in accordance with the clinical guidelines.
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HEOHATAJIbHbI CKPUHWUHI B CEBEPHOW OCETUW 3A 2023-2024 IT.

P. A. SuHuenko'=, . C. Tebuesa?®, E. tO. 3axaposa', O. A. LlaruHa', E. E. JlotHuk!, KO. B. Mabucosa®, A. B. Xoxosa?®, H. B. BakuH',

A. B. MapaxoHos'

" MeAMKO-reHeTU4eCKUA HayHHbIN LeHTP uMeHn H. M. Boykosa, Mocksa, Poccus

2 Ceepo-OceTnHcKas rocyfapcTBeHHas MeauLmHeKkas akagemmst MuHMcTepcTaa 3apaBooxpareHis Poccun, Bnagnkaskas, Poccuist

3 PecnybnvkaHckas AeTckas KimHudeckas 6onbHuLa, Braavkaekas, Poccus
MaccoBoe o6cnenoBaHvie HOBOPOXKAEHHbIX B Poccumiickon Penepaliyin Ha 36 HacneacTBEeHHbIX 3a601eBaHNA MO3BOMNT CHU3WTL AETCKYO MHBaMAHOCTL 1 CMEPTHOCTb
OT HacneACTBEHHOW NaToNOMMK U BbISIBUTL OOLLEPOCCUICKIE 1 PErioHaNbHbIe MOMYASLMOHHO-TEHETUHECKE OCOBEHHOCTY CKPpUHMPYemMol natonorum. Liensto
1cenenoBanHns GbIn0 OLEHUTL Pe3yNTaTbl HEOHaTaIbHOrO CKpuHUHA (HC), BtoYas pacLLUMpeHHbI HeoHaTanbHbIn CkpuHUHE (PHC) B Pecnybnnke CesepHas OceTuis-
Ananus (PCO-AnaHusl) B nepviog ¢ 01.01.2023 no 31.12.2024, 11 13y4nTb KIMHUHECKIE 1 NOMYNSILMOHHO-MEHETUHECKIE OCOBEHHOCTI CKPUHUPYEMbIX 3a601eBaHA B
pervioHe. Ha | atane ob6cnenoBaHns y 14 994 HOBOPOXAEHHbBIX MPOBEAEHb! BUOXUMMHECKME NCCNeNoBaHVs, TaHoeMHast Macc-criekTpomeTpus, JHK-anarHocTvika m
onpepeneHne yposHa TREK/KREK. B 355 cry4asix (2,36%) BbIsBneHb! No3uTVBHbIe 3HaqeHys. Ha ll atane B 324 (91,2%) cnydasix mposeneHa Heobxoaumas aboparopHas
1 nocneaytollas noareepxaatollias JHK-guarHocTka: nostopHbid aHamms 8 MC/MC 1 OHK-guarHocTika (ia HacneacTBeHHbIX GonesHell obmMeHa BeLLEecTB),
VIMMYHOEHOTUMMPOBAHME (A1 MEPBNYHBIX UMMYHOOEMULMTHBIX COCTOSIHWN). B x0ae ABYXIETHErO VcCcneaoBaHMs MocTasneHo 37 avarHo3oB, YTo coctasnseT 0,25%
OT BCEX AETEN, OXBAYEHHbIX CKPUHHIOM Ha | aTane, 1 0gHO3Ha4YHO CBAETENLCTBYET 00 YCMELLHOCTY 1 PE3YNBTATVBHOCTY AaHHON MporpamMMbl. Yanoch BepmLmpoBaTb
CneUMgNHECKIN CNEKTP MyTaLWM, XapakTepHbix ans deHnnkeToHypun (PKY) 1 HegocTatodHOCTV aumn-KoA-germaporeHasbl XXUPHbIX KUCIOT CO CPeaHen AnMHOM
yrnepoaHoi Lerv (MCADD). OnpefeneHa Yactota BCTPeHaeMOoCTV NaToorn, CCNenyeMol B paMkax HeoHaTaslbHOro CKpuHWHra. HacToTa Bcex dhopm OKY coctasmna
11 1153 HoBopoxaeHHbIX, a bactota MCADD — 1 : 789 obcnenoBaHHbIX HOBOPOXAEHHbIX. BCe ATV COCTOSAT Ha AMCMAHCEPHOM YYeTE B MEAMKO-MEHETUHECKOM
KoHcynsTauum PCO-AnaHuns, nomyyatoT NeHeHne B COOTBETCTBUM C KITMHUHECKUMM PEKOMEHAALIMSIMUL

KntoyeBble cnoBa: HeoHaTaSbHbI CKPUHWHT, PaCLUMPEHHbIA HEOHATANbHbIM CKPUHWHE, HaCNeACTBeHHas NaTonorns, MEHNIKETOHYPUS,, HEAOCTATOYHOCTL aumn-
KoA-gernaporeHasbl, >KMpHble KACNOTbI CO CpeaHen ANNHOM YrnepoaHom Lenm

®durHaHcMpoBaHue: VIcCnefoBaHne BbINMOHEHO 13 CPeacTB (defepanbHOro ¥ PervioHanbHOro GIOPKETOB B HaCTW peanu3auum paclUMPEHHOro HeoHaTaIbHOro
CKPUWHIHIa, a Takke npun hrHaHCoBOM noaaepkke rocynapcteeHHoro 3agaqHna ®rBHY «MIMHL» MuHobpHaykm Poccun 1 Munsapasa PCO-AnaHus.

Bknap astopos: /1. C. Tebuesa, HO. B. labucosa, A. B. XoxoBa — c60p AaHHbIX, MOCTaHOBKa AmarHosa; P. A. BuHyeHko, V.C. Tebresa — nnaHvpoBaHve
ncenenoBaHna, Hanmcadve Tekceta; E. 0. 3axaposa, O. A. LLarvHa, E. E. JlotHuk, H. B. BakuH, A. B. MapaxoHoB — nNpoBeAeHVEe MONEKYNAPHO-FEHETUHECKINX
ncenepoBaHni; P A BuHyeHko, V1. C. Tebuesa, E. KO 3axapoBa — peaakTupoBaHme TekcTa.

CobniofeHne aTU4ECKMX CTaHJAPTOB: 1CCNefoBaHVe 000OPEHO aTHeCKM kKomuTeToM GIEHY Meayko-reHeTU4eCcKuin HayYHbIN LieHTP UMeHn H. M. Bovkosa
(npotokon Ne 7 oT 20 pekabpst 2017 T.), COOTBETCTBYET CTaHAaPTaM AOOPOCOBECTHOM KIMHUYECKOM NMPaKTUKN 1 AoKa3aTeNbHON MeauuyHbl. Bee naumeHTsl
nognucany 4o6poBONbHOE MH(POPMUPOBaHHOE COrache Ha yqacTune B ero NpoBefeHNM.
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Newborn screening has been demonstrating its effectiveness
in detecting congenital and hereditary disorders (CHDs) at
the early preclinical stage for decades. Mass screening of
newborns was launched on January 1, 2023, in the Russian
Federation (RF). Today, it is divided into newborn screening
(NBS) and expanded newborn screening (ENBS). In the
regions, NBS is conducted in order to detect five CHDs:
phenylketonuria, congenital hypothyroidism, cystic fibrosis,
galactosemia, and congenital adrenal cortex dysfunction (PKU,
CH, CF, GAL, CACD, respectively). ENBS is implemented
in 10 interregional 3A-level ENBS centers in order to detect
29 hereditary metabolic diseases (HMDs), spinal muscular atrophy
(SMA), and severe T-cell and B-cell primary immunodeficiency
(PID) [1].

The Decree of the Government of the Republic of North
Ossetia—Alania (RNO-Alania) approved the regional program of
NBS and ENBS implementation; regulations governing this trial
were developed; officials responsible for the implementation of
all screening phases were determined, and routing of patients
within the framework of the existing infrastructure was arranged.

The study aimed to assess the results of NBS and ENBS
in the RNO-Alania reported between January 1, 2023 and
December 31, 2024, as well as to determine clinical and
population genetic characteristics of the diseases screened.

METHODS

In phase | of screening, capillary blood sampling from the
newborn’s heel was performed on day 2 in full-term babies
and on day 7 in preterm babies using two assay sheets: one
with five blood spots for NBS and another with three blood
spots for ENBS. The referral with supporting data is generated
using the following module: Obstetrics and Neonatology
Vertical Integrated Medical and Information System (VIMIS
AKINEQ). The data on the children at risk are conveyed to the
officials responsible for ENBS arrangement in the constituent
entity within 24 hours. In the following 48 h, biomaterial
re-collection from children at risk is arranged, and the biomaterial
is transferred to the 3B level reference center, the Research
Centre for Medical Genetics, where the exact diagnosis of CHD
is established or ruled out, for confirmatory diagnostics [2].
Initial examination of the children born in the RNO-Alania
being part of the NBS, is conducted at the Medical Genetic
Consultation (MGC) of the Republican Children’s Clinical
Hospital of the RNO-Alania. The levels of biochemical markers
in whole blood samples are determined by the time-resolved
immunofluorescence method using the DELFIA Neonatal
(Finland) and FAVR (Russia) reagents in the Victor-2 system
(Wallak, Finland). The measurement results are entered into
the computer program for data processing and acquisition.
To establish the diagnosis, the values of biochemical markers
should be as follows: phenylalanine (PA) > 2 mg% — for the
diagnosis of PKU; thyroid-stimulating hormone (TSH) > 20 plU/L —
for CH, immunoreactive trypsin (IRT) > 70 ng/mL — for CF,
17-hydroxyprogesterone (17-OHP) > 30 nmol/L — for CACD
in full-term babies and > 60 mmol/L — for CACD in preterm
babies, galactose > 400 nmol/L (7 pmol/L) — for GAL.
Initial examination being part of ENBS is conducted at the
Research Institute — Regional Clinical Hospital No. 1 named
after Professor S. V. Ochapovsky of the Ministry of Health
of the Krasnodar Krai: testing for HMDs (including PKU) is
performed by tandem mass spectrometry (MS/MS); testing
for SMA and PID is accomplished via qualitative identification
of the homozygous deletion of exon 7 in the SMN1 gene and
quantification of the TREC, KREC DNA involving the use of the

Neoscreen SMA/TREC/KREC system (DNA-Technology
TS, Russia).

In phase Il of the assessment, the following essential
biomaterial samples must be made available for the Research
Centre for Medical Genetics:

HMDs — dried blood spots on the assay sheet, liquid blood
in the test tube with EDTA (non-frozen, at least 2.5 mL) and
urine (at least 5 mL);

SMA — dried blood spots on the assay sheet, liquid blood
in the test tube with EDTA (non-frozen, at least 2.5 mL);

PID in phase | — dried blood spots on the assay sheet, in
phase Il — liquid blood in the test tube with EDTA (non-frozen,
two test tubes) for immunophenotyping and DNA diagnostics.

Confirmatory diagnostics is accomplished via repeated analysis
of amino acids and acylcarnitines by MS/MS, determination of
urinary levels of organic acids by gas chromatography—-mass
spectrometry (GC-MS), and DNA diagnostics. In the second
phase of testing for PID, immunophenotyping (IPT) is performed
at the Dmitry Rogachev National Medical Research Center
of Pediatric Hematology, Oncology and Immunology of the
Ministry of Health of the RF.

RESULTS

A total of 15,153 babies were born in the Republic during the
studied period. A total of 15,059 (taking into account those
who died before sampling) were to be assessed. Parents of
65 newborns submitted the informed refusal of screening, and
blood was collected from 14,994 babies. The survey covered
99.56% of newborns.

In all 14,994 cases, tandem mass spectrometry was
conducted in phase |, of those, in 355 cases (2.36%), the
screening results were positive.

Since the Republic represents the region with high ethno-
cultural diversity and close ties with the Caucasian and
Transcaucasian territories, a large number of children are
traditionally born there, who later move to other regions of the
RF (Chechen Republic, Republic of Ingushetia, Stavropol Krai,
etc.) and abroad (South Ossetia, Georgia, Armenia, etc.). In
this regard, in 31 cases (8.8%), information about the results
of assessment performed within the framework of ENBS was
shared with the officials responsible for the implementation of
screening in adjacent constituent entities of the RF. Considering
this fact, 324 newborns out of 355 were assessed in phase |,
which accounted for 91.2%.

Testing for aminoacidopathies

Given the fact that testing for PKU was performed by the
biochemical method within the framework of NBS and by
MS/MS within the framework of ENBS, we had an opportunity
to compare the data of the testing conducted and draw a
conclusion about the MS/MS higher informativity in terms of
PKU detection.

Based on the DNA diagnostics data, alterations of the PAH
gene nucleotide sequence typical for PKU in the homozygous
and compound heterozygous state were found in 13 patients.
The PKU frequency determined based on the tandem mass
spectrometry results was 1 : 1165 newborns and 1 : 1153
surveyed newborns (95% CI: 1 : 675 -1 :2166). All children are
on the MGC dietitian’s D list. The dynamic changes in PA levels
and the treatment tactics are determined in accordance with
the Federal Clinical Guidelines. Only two children need foods
for special medical purposes (FSMP), while in other patients,
PA levels do not exceed 6 mg% (360 pM/L) [3].
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Table 1. Biochemical and molecular genetic characteristics of patients with PKU
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Allele 1
(RefSeq NM_000277.3)

Allele 2
(RefSeq NM_000277.3)

¢.529G>A (p.Val177Met)

c.119C>T (p.Ser40Leu)

€.842C>T (p.Pro281Leu)

¢.529G>A (p.Val177Met)

¢.631C>A (p.Pro211Thr)

¢.631C>A (p.Pro211Thr)

¢.529G>A (p.Val177Met)

¢.842C>T (p.Pro281Leu)

¢.1222C>T (p.Arg408Trp)

©.1222C>T (p.Arg408Trp)

¢.529G>A (p.Val177Met)

©.1222C>T (p.Arg408Trp)

¢.842C>T (p.Pro281Leu)

C.722G>A (p.Arg241His)

€.1208C>T (p.Ala403Val)

¢.506G>A (p.Arg169His)

€.842C>T (p.Pro281Leu)

¢.1222C>T (p.Arg408Tip)

.533A>T (p.Glu178Gly)

¢.490A>G (p.lle164Val)

€.842C>T (p.Pro281Leu)

¢.631C>A (p.Pro211Thr)

Ne PA level in phase | mg%/uM/L)* | Phe/Tyr* | FSMP Ethnicity
1 1.77/142 2.35 - Ossetians
2 0.28/131 2.1 - Ossetians
3 3.74/273 2.48 - Ossetians
4 1.98/149 1.78 - Ossetians
5 6.77/405 9.05 + Ossetians
6 2.3/145 2.31 - Ossetians
7 4.79/321 3.66 - Ossetians
8 2.4/140 2.2 - Armenians
9 38/550 8.8 + Ossetians
10 1.9/143 1.98 - Ossetians
11 2.73/286 4.46 - Female Georgian/Ossetian
12 ***/240 2.9 - Ossetians
13 1141 2.15 - Ossetians

(
(i

¢.631C>A (p.Pro211Thr)
(

(
¢.898G>T (p.Ala300Ser)
( ¢.529G>A (p.Val177Met)

¢.842C>T (p.Pro281Leu)

Note: “ — PA reference range — 0-2 mg% for NBS, 0-120 pM/L for ENBS; ** — Phe/Tyr ratio reference range 0.25-6.5; “** — not tested for PKU in the MDC of the

Republican Children’s Clinical Hospital of RNO-Alania due to the lack of reagents.

Biochemical and molecular genetic characteristics of the
patients identified are provided in Table 1.

The most common was the "severe" mutation ¢.842C>T
(p.Pro281Leu), in which the residual activity of the PAH enzyme
is 2%, the number of heterozygous alleles is 6, homozygous —
0. Among the general sample, the frequency of occurrence is
23%, among representatives of the Ossetian nationality — 27%.

The second most frequent genetic variant was ¢.529G>A
(p.Val177Met), data on PAH activity are not presented in the
literature, the frequency of heterozygous carriage is 5, which
amounted to 19% in the general sample and 22% among
the titular nation. In third place were two variants: "severe"
mutation ¢.1222C>T, (p.Arg408Trp) (residual PAH activity — 2%)
and "mild" ¢.631C>A (p.Pro211Thr) (residual PAH activity — 72%):
1 homozygous case and 2 heterozygous carriers. They
accounted for 15% of the total sample and 18% among
Ossetians. The remaining variants are found in single
heterozygous variants and demonstrate high residual activity
of the PAH protein. Patients do not require diet therapy, and
therefore the mutations can be classified as "mild" [4, 5]. Thus,
out of 13 patients, only two (15.3%) with genotypes with two
severe mutations (R408W/R408W and P281L/R408W) require
diet therapy.

Impaired mitochondrial fatty acid 3-oxidation

The diagnosis belonging to the group of hereditary mitochondrial
fatty acid B-oxidation disorders (FAODs) was established in
19 patients based on the MS/MS data and DNA diagnostics:
medium-chain fatty acid acyl-CoA dehydrogenase deficiency
(MCADD).

The frequency of this disorder in the RNO-Alania was 1 : 789
(95% Cl: 1 : 506 — 1 : 1310). The MS/MS data and molecular
genetic characteristics of patients with MCADD are provided
in Table 2.

In 20 newborns, acylcarnitine levels significantly exceeding
reference values were revealed in phase Il of diagnostics.
However, incase 18, one heterozygous ¢.985A>G (p.Lys329Glu)
mutation was found. The whole genome sequencing in the
“trio” format is scheduled for this family, and the case is not
considered in the further discussion.

Among 19 patients with two verified mutations, 16 are
Ossetians, who were not born into consanguineous marriages.
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Patients 15 and 16 were monozygotic twins, their parents were
Russians. Patient 12 was born into an interethnic marriage
between the Ossetian and the female Tabasaran.

In five cases, the ¢.388-19T>A variant was in the
homozygous state. Furthermore, a total of 11 compound
heterozygous carriers were identified, which accounted for
55.26% of the entire sample and about 65.62% of the titular
nation representatives.

The ¢.985A>G (p.Lys329Glu) variant ranking second in
frequency was found (in the homozygous state in one patient
and in the heterozygous carrier state in four cases), which
accounted for 15.78% in the entire sample and 18.75% in
Ossetians.

The ¢.134A>C (p.GIn45Arg) ranking third in frequency
was found in the compound heterozygous state in four cases,
accounting for 10.52 and 12.5% in the entire and titular groups,
respectively.

Other variants are sporadic; these account for 18.44% in
the entire sample and 3.13% in Ossetians.

It should be noted that the most pronounced changes in
the C6, C8, and C10 levels (between 9 and 22 pmol/L) were
observed in those having genotypes containing the ¢.985A>G
(p.Lys329Glu) and ¢.388-19T>A variants in both homozygous
and compound heterozygous state.

All children are in the MGC dietitian’s and geneticist’s D list.
The dynamic changes in acylcarnitine levels are determined by
MS/MS in accordance with the generally accepted guidelines.
The children’s condition was stable, and no metabolic crises,
hypoglycemic conditions were observed. The identified
patients’ parents underwent Sanger sequencing in the “trio”
format within the framework of the supplementary agreement
between the Republican Children’s Clinical Hospital of the
RNO-Alania and the Research Centre for Medical Genetics;
the parents are healthy carriers of the variants identified. During
medical genetic counseling of families, prevention of long
periods of fasting was discussed, especially in children having
intercurrent infectious diseases, in order to prevent metabolic
crises, as well as the need for immediate hospitalization in the
Republican Children’s Clinical Hospital and glucose infusion in
case of metabolic crisis [4, 6].

One more case of detecting a disease from the organic
aciduria group is as follows: the diagnosis of 3-methylcrotonyl-
CoA carboxylase deficiency in a Kumyk child having the MCCC2
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Table 2. MS/MS data and molecular genetic characteristics of patients with MCADD

) ) - N . Genotype
Ne Biochemistry indicators based on MS/MS data Ethnicity (RefSeq NM_000016.6)
1 | €8—1,04; C6DC —0,34; C8 —3,80; C10 —0.52; Ossetians C.388-19T>A /c.388-19T>A
C10:1 — 0,21
C6 — 1,74; C6DC — 0,52; C8 — 9,78; C8:1 — 0,17; C10 — . ]
2 0,95;: C10:1 — 0,49; C10:2 — 0,03 Ossetians ¢.134A>C (p.GIn45Arg)/c.388-19T>A
3 | ©6—1,11;C8 —4,98;C10 —0,65,C10:1 —0,30 Ossetians C.388-19T>A/ ¢.388-19T>A
+ (Phe — 172)
4 | ©6—1.50;C6DC —0,51; C8 — 6,46, C10 — 0,93; Ossetians ¢.388-19T>A/c.999_1011dup(p.GIn338Ter)
C10:1 — 0,45
©6 — 3,53; C6DC — 1,02; C8 — 17,10; C8:1 — 0,23; .
5 C10 — 1,50: C10:1 — 0,58 Ossetians €.985A>G (p.Lys329Glu)/c.985A>G(p.Lys329Glu)
6 C6 — 0,56; C8 — 1,57; C10:1 — 0,25 Ossetians €.388-19T>A/c.999_1011dup(p.GIn338Ter)
7 | €8 092 C6DC —0,47;C8 — 5,25, C10 — 0.,83; Ossetians ©.388-19T>A/c.388-19T>A
C10:1 — 0,26
g | C6—238 C6DC—088 C8—1295C10—1.2 Ossetians .985A>G (p.Lys329GlIu)/c.388-19T>A
C10:1 - 0,36
g | ©6—122C6DC—041;C8 —6,70, C10 — 0,82 Ossetians ©.388-19T>A/c.985A>G (p.Lys329Glu)
C10:1 — 0,57
10 | €6 1,52 C6DC—0,50;C8 —6,10; C10 —0,77; Ossetians ¢.388-19T>A/c.388-19T>A
C10:1—0,38
11 | €8 218 C6DC—0,53; C8 —9,11; C10 —1,20; Ossetians €.388-19T>A/c.388-19T>A
C10:1 — 0,57
12 830_1 1_’58;4(316DC —0,60;C8 — 9,76, C10 —1,19; Ossetian/female Tabasaran | ¢.388-19T>A/c.985A>G (p.Lys329GIu)
13 | c8—0,45;C10 — 0,48 Ossetians ¢.1091T>C, p.(e364Thr/ c.388-19T>A
14 | C6—1,31; C8 — 3,76; G10 — 0,44; C10:1 — 0,31 Ossetians €.388-19T>A/c.461T>G, p.Leu154Trp
15 | C6— 1,24; C8 — 3,59; G10 — 0,41; C10:1 — 0,39 Ossetians ¢.388-19T>A/c.400_401delATInsCA, p.(lle134His)
16 | C6—1,38; C8 — 4,13; G10 — 0,49; C10:1 — 0,45 (monozygotic twins) ¢.388-19T>A/c.400_401delATInsCA, p.(lle134His)
17 | c6—2,15;C8 — 10,5; G10 — 1,18; C10:1 — 0,45 Ossetians ¢.134A>C (p.GIN45Arg)/c.388-19T>A
18 | C6—0,38; C8 — 0,59; G10 — 0,73; C10:1 — 0,25 Ossetians C.985A>G (p.Lys329Glu)/***
19 | C6 — 3,57; C8 — 22,4; C10 — 1,97; C10:1 — 0,72 Ossetians ¢.134A>C (p.GIN45Arg)/c.985A>G (p.Lys329Gilu)
20 | c6 —1,28;C8 —5,13; C10 — 0,61; C10:1 — 0,316 Ossetians ¢.388-19T>A/c.134A>C (p.GIn45Arg)

Note: * — reference values for the studied indicators (UM/L): C8 — 0-0.26; C10 — 0-0.32; C6DC — 0-0.45; C10:1 — 0-0.14; ** — case of detecting MCADD and
PKU; ** — mutation not found when performing the ACADM whole gene sequencing, the whole genome sequencing is recommended.

¢.1082G>A (p.Arg361GIn) mutation in the homozygous state.
The child’s condition is stable, and the development is age-
appropriate. The child is on the MGC dietitian’s D list in the
Republican Children’s Clinical Hospital.

Testing for spinal muscular atrophy

Five newborns were included in the group at risk in phase | of
ENBS during the studied period, among them the diagnosis of
SMA was established in three cases. The SMA frequency was
1:4998 newborns (95% Cl: 1 : 1711 — 1 : 24,235), which was
generally consistent with the data provided in the world’s and
domestic literature. The average global prevalence of SMA is
1:6000 -1 : 10,000 newborns, the prevalence in Saudi Arabia
is1:7000, the prevalence in Egypt and Libyais 1 : 12,500, and
the prevalence in the RF is 1 : 5184 [7]. The SMA diagnostics
is accomplished in accordance with the existing diagnostic
algorithms within the framework of the clinical guidelines [8].

Table 3 provides the SMA patient assessment results and
the therapy prescribed.

Based on the assessment results, in accordance with
the guidelines of the Federal Council of the National Medical
Research Center for Children's Health, two patients were administered
Onasemnogene abeparvovec at the age of 1.5 months and
1 month; Risdiplam was recommended in one case.

The patients are on the neurologist’s and geneticist’s list.
Testing for primary immunodeficiency (PID)

In the studied period, the diagnosis of PID was established
in none of the children in the region. However, in phase | of
ENBS, 30 cases of low TREC/KREC were reported, among
those, seven children died before blood re-sampling later
(if premature), before reaching the post-conceptual age of
37 weeks. In 23 cases, the further scheduled assessment
showed that all indicators were within reference ranges. It is
assumed that the prevalence of PID in the region is below
1:14 994 newborns (95% CI: 0 — 1 : 4065).

Testing for five CHDs within the framework
of newborn screening

Testing was performed in 14,994 cases. We have earlier
reported epidemiological and molecular genetic characteristics
of the disorders screened in the RNO-Alania [9]. The values
provided that have been acquired during conventional
biochemical screening confirm the results obtained previously
for CH, CF, GAL, and CACD. Table 4 presents the results of
the 2-year study conducted within the framework of NBS at
the MGC of the Republican Children’s Clinical Hospital of the
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Table 3. SMA patient assessment results, timing of the beginning therapy and drugs used for treatment

Year SMNT1 gene copy SMN2 gene copy AAVO carrier state Therapy Beginning of treatment
number number (months)
2023 0 3 neg* Onasemnogene 15
abeparvovec
2023 0 4 neg Risdiplam 15
2024 0 2 neg Onasemnogene 1
abeparvovec
Note: neg* — negative.
Table 4. NBS results, 2023-2024
v PKU CH CF GAL CACD
‘ear
n F (95% CI) n F (95% CI) n F (95% CI) n F (95% CI) n F (95% CI)
1:2999 1:2999 i . N 1:7500
2023 3 (1:1285-1:9235) 2 (1:1285-1:9235) 0 0(0-1:4065) 0 0(0-1:4065) 1 (1:2076 - 1:61,904)

Note: n — number of patients, F — frequency, 95% Cl — 95% confidence interval; ©* — CACD caused by 3B hydroxysteroid dehydrogenase deficiency that is rare in

other world’s populations and the RF, but typical for Ossetians, has been detected.

RNO-Alania, showing a low rate of PKU detection based on
NBS compared to ENBS.

Comparison of NBS and ENBS in the diagnosis of PKU shows
higher sensitivity of MS/MS contributing to the identification of
patients with mild PKU having confirmed genetic variants in the
PAH gene, who need monitoring and clinical follow-up.

DISCUSSION
Aminoacidopathies

We had an opportunity to assess PA levels (among 28 other
indicators) in the MS/MS format within the framework of ENBS.
The data obtained have radically changed the existing knowledge
about the PKU population genetic features in the region. Thus,
in 2012, PKU frequency in the Republic was interpreted as
1 per 23,000 newborns. This suggested a low prevalence of
the disorder in the region, since the diagnosis of PKU was
considered as a variant of severe hyperphenylalaninemia
(HPA) with the PA levels above 10 mg%, in which mandatory
nutritional therapy is prescribed [10]. Later, when cooperating
with the Research Centre for Medical Genetics, we had an
opportunity to perform DNA diagnostics in all the children
identified based on the screening results (PA levels above
2 mg%) and included in the list due to the diagnosis of HPA.
The testing results have showed that the frequency of all PKU
forms turned out to be 1 : 4864 (95% CI), while the frequency
of cases with severe variants requiring nutritional therapy was
1:22,374 (95% Cl), and that of mild forms — 1 : 6216 (95% Cl). The
range of molecular genetic features of the disorder also turned
out to be specific due to common nature of two mutations,
c.842C>T (p.Pro281Leu) (PAH residual activity 0-2%) and
c.631C>A (p.Pro211Thr) (PAH residual activity 72%), which
are not that frequent anywhere in the world. Furthermore, we
have earlier reported the p.Pro281Leu and p.Pro211Thr carrier
state in the population with the frequency of 1 : 26 (95% ClI),
which allowed us to assume considerably higher prevalence of
this aminoacidopathy in the RNA-Alania [5, 10], as confirmed
by the ENBS results.

The 2-year study conducted within the framework of
NBS revealed five PKU cases, and that conducted within the
framework of ENBS proved the fact of high prevalence of
mild PKU in the region — 1 : 1363 newborns (95% Cl), high
frequency of all PKU forms — 1 : 1153 (95% Cl) and 1 : 7497
(95% CI) for severe forms, for which variants of two severe
mutations were reported.
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Organic acidurias

According to various sources, the prevalence of MCAD
deficiency in the countries of Europe and the USA is 1 : 8300 —
1: 15,000 newborns. Based on the results of our study, the
prevalence of the disorder is 1 : 789 surveyed newborns.
According to the literature data, the frequency of this HMD
in the world is as follows: 1 : 22,000 in the Czech Republic,
1 : 27,139 in Norway, higher frequency of 1 : 4900 —
1:8500is reported for Germany, 1:23,000in ltaly, 1: 10,000 —
1: 30,000 in the USA, and the highest frequency of 1 : 4000
is reported for Qatar [11-12]. Exact epidemiological data for
Russia have not been published, but preliminary calculations
have revealed no important specifics [4].

In 90-95% of cases, a point mutation in exon 11, in which
adenine is replaced by guanine at position 985 of the gene
(c.985A>(), is found. Other genetic variants that are much less
common have also been reported [13-16]. High prevalence
of the c.985A>G carrier state has been shown (1 : 52 in
Switzerland, 1 : 58 in the UK), along with its decrease from
north to south, which is likely to result from the “founder effect”
in the ancient German population [17].

The clinical picture of the disease is extremely variable: from
asymptomatic to the rapidly developing severe disease [6, 18].

According to the data obtained during ENBS
implementation, the unique range of the ACADM gene variants
was revealed in the region. Thus, the c.985A>G (p.Lys329Glu)
variant that is most common according to the data of the
world’s and domestic literature [4, 15, 19, 20], in our study
has been reported for only one case in the homozygous state
and for four cases in the compound heterozygous state, i.e. it
accounts for only 15.78% in the entire sample and 18.75% in
Ossetians. While the ¢.388-19T>A variant turned out to be the
most common in the studied population: 55.26% in the entire
sample and about 65.62% in the titular nation representatives.
This variant is not found in population databases (gnomAD
without frequency). ClinVar contains the mutation description
and links to two studies out of the large number of reports in
the world’s literature, where the disorder is mentioned [16, 21].

The ¢.388-19T>A was first described in 2012 based on the
results of the large-scale Danish study focused on MCADD as
previously unregistered and identified based on the screening
results of two newborns (unrelated) with the ¢.388-19T>A/
c.244_245dup genotype [21]. It has been proven that mutational
sequence alterations occur in the ACADM gene intron 5. These
dramatically decrease the strength of the wild-type acceptor

| DOI: 10.24075/BRSMU.2025.029
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splice sites, while generating new competing, stronger splice sites,
causing serious cleavage disorders, up to mMRNA degradation
resulting from the nonsense-mediated decay, and directly altering
the encoded ACADM protein amino acid structure.

To date, all the patients identified are under the age of three
years, but metabolic crises have not been reported in any of
them. This can be associated with mild variants of the mutations
identified and the efforts of parents in terms of preventing long
fasting periods.

The fact should be noted that no MCADD cases were
reported in the Republic before the beginning of the screening
period, but patients with hypoglycemic conditions, unclear
metabolic crises, especially against the background of
respiratory or acute intestinal infectious diseases, were, of
course, encountered in the practice of pediatric endocrinologists,
pediatricians, infectious disease specialists, and resuscitators.
However, the causes of these conditions were not verified due
to the lack of the possibility of conducting MS/MS in the region
and insufficient physicians’ awareness about this disorder.

In our opinion, a very interesting case is a rare combination
of PKU and MCADD in one patient (No. 6 in Table 1 and No. 3
in Table 2), who does not need nutritional therapy with limited
PA intake and who has no metabolic crises due to the presence
of “mild” mutations associated with both disease entities.

CONCLUSIONS

In general, NBS and ENBS implemented in the RNO-Alania
can be acknowledged as an effective method for preclinical
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INDIVIDUAL FEATURES OF THE MASTICATORY MUSCLE BIOELECTRICAL ACTIVITY
IN ORGANIZATION OF CHEWING FUNCTION

Shishelova AYu'?, Guseva OYu' &, Kopetskiy IS', Ansari V!

" Pirogov Russian National Research Medical University (Pirogov University), Moscow, Russia
2 Institute of Higher Nervous Activity and Neurophysiology of the Russian Academy of Sciences, Moscow, Russia

The chewing experience acquired during ontogeny may lead to developing functional asymmetry of the masticatory apparatus, adversely affecting the maxillofacial
region functions. The study aimed to assess asymmetry of the masticatory muscle activity in healthy individuals showing no dentofacial system dysfunction. In
17 volunteers (6 males, 11 females aged 18-23 years), motor functional asymmetry of the brain was assessed using standard motor tests, and surface
electromyogram (EMG) of the masseter (MM) and temporalis muscle (TMs) was recorded on the right and left sides: in the resting state, with the maximum voluntary
bite force, during deliberate unilateral mastication (alternately on the left and right sides), and bilateral voluntary chewing. Three groups with various asymmetry
manifestations were distinguished and characterized based on the asymmetry indices of standard EMG parameters (integrated EMG (Alint), average amplitude
(Alav), and chewing bursts duration (Ald)) of the right and left muscles: 1) showing stable unilateral asymmetry of the MM and TM activity; 2) showing the “dynamic
asymmetry” that was different for the MMs and TMs; 3) showing the “adaptive control”, when the muscle activity asymmetry was manifested adequately to the
chewing test, and Alint of the MMs and TMs reached 40 + 18% and 97 + 20% during chewing on the left side, 242 + 39% and 127 + 32% during chewing on
the right side, 115 + 12% and 115 + 24% during bilateral chewing. The major significant between-group differences in Alint, Alav, and Ald were reported for the
MMs (the impact of the “group” factor on these indices was as follows: F = 11.0, p < 0.01; F=5.72 and F = 3.73, p < 0.05; repeated measures ANOVA). Thus, in
young adulthood, some people develop functional asymmetry of the masticatory muscles in the form of excessive predominance of electrical activity on one side
of the face with changes in both amplitude and duration of the “chewing” EMG bursts.
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WHOMBUAYANbHbLIE OCOBEHHOCTU ACUMMETPUN BUONEKTPUYECKOW AKTUBHOCTH
>KEBATEJIbHbIX MbILLILL B OPFTAHUSALUN XKEBATEJIbHON ®YHKLUN

A. 1O. LLnwenoea'?, O. tO. lycesa' ==, W. C. Koneuxwnir!, B. AHcapu'

" PoccuiicKmin HaLvoHabHbIN MCCNeRoBaTeNbCKUA MEAULIMHCKIIA yHBepcuTeT uMenn H. V1. Tinporosa (Miporosekuin YHneepcuteT), Mocksa, Poccust
2 VIHCTWUTYT BbICLLEN HEPBHOW AESTENBHOCTU U HeMpoduanonorm Poccuinckol akagemmmn Hayk, Mocksaa, Poccus

[MprobpeTaeMbiii B OHTOrEHESE OMbIT XXEBaHNA MOXET MPUBOAUTEL K POPMUPOBaHMIO (PYHKLIMOHANBHOM aCUMMETPUM annapara )eBaHust C HebnaronpusaTHbIM
BIMSHMEM Ha (DYHKLMW YEMOCTHO-MMLEBON obnacTu. Lienbio paboTbl Bblio OLEHNTb aCUMMETPUIO aKTUBHOCTM XEBAaTESbHbIX MbILLLL Y 340POBbIX Jitoaen 6e3
avcdyHKUMA 3y6o4eNtoCTHOM cucTeMbl. Y 17 obpoBonbuUeB (6 My>kdmH, 11 »KeHLuH, 18-23 neT) npoBoamIM OUEHKY MOTOPHON (hyHKLMOHANBHOM acUMMETPU
MO3ra C MOMOLLbIO CTaHAAPTHbIX TECTOB M PEMUCTPALMIO MOBEPXHOCTHOM anekTpoMmorpammbl (MM cobcTeeHHO-xeBaTenbHbIx (CHKM) 1 BUCOUHBIX MbiLuL, (BM):
B MOKOE, MPY MaKCUMaSIbHOM CXaTu YentoCTeln, NPU »KeBaHUN — U30NMPOBaHHOM (MOOYEPEAHO Ha JIEBOW 1 MPaBOM CTOPOHAX) 1 NPOM3BOSILHOM. Ha ocHoBe
MNHOEKCOB acuMmMeTpun nokasatenet SMI™ (obLuer nnowwaaym (MAVHT), cpeanHei amnamnTyap! (VACP) 1 MPOAOIKUTENBHOCTY XeBaHWs (VIABP)) MbILLL, cnpaBa 1 cnesa
Obln BblAENEHbI! 1 OMNCaHbI TPW FPYMMbI C Pa3HbIMK MPOSBAEHUAMI aCUMMETPUA: 1) CO CTabUABHOM OAHOCTOPOHHEN acuMMeTpHen akTnesHocT COKM 1 BM; 2) ¢
«ONHaMUYHON acuMmeTprel», padnndHon ans CXM 1 BM; 3) ¢ «<afanTBHbIM KOHTPOMEM», KOraa aCUMMETPUS aKTMBHOCTMW MblLLL, Oblna agekBaTHa )eBaTesibHO
npobe. B TpeTbeit rpynne VAVHT ans COKM 1 BM 6bin paBeH 40 + 18% 1 97 + 20% npu »eBaHWM Ha NeBoin CTopoHe, 242 + 39% 1 127 + 32% — Ha npasoW,
115 £ 12% 1 115 + 24% npn cBOOOAHOM >xeBaHUM. OCHOBHbIE CTATUCTUHECKN 3Ha4YMMble padnndnsa VIAMHT, VIAcp n IABp Mexxay rpynnamu BbigeneHs! anist COKM
(BnWsiHWE hakTopa «rpynna» Ha AaHHble nHaekesl F = 11,0, p < 0,01; F=5,72 n F = 3,73, p < 0,05; ANOVA repeated measures). Takim 06pa3om, B MONOLOM
BO3pacTe y psaa nofei hopmmpyetcs PyHKLMOHabHAsS aCYMMETPVS XKeBaTesbHbIX MbILLLL B BUAE N3ObITOYHOIO NpeobnafaHns aNeKTpUHeCKon akTVBHOCTH Ha
OOHOW CTOPOHE NLa, C U3MEHEHNEM KaK aMmIMTyOHOrO, Tak 1 BDEMEHHOIO KOMMOHEHTOB «KeBaTesbHbIX» BCrbilek OMI™.
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Chewing represents a behavioral act culminating in the
formation of the food bolus adequate for swallowing [1]. The
program of action implemented by the hierarchically organized
motor control system of the brain represents one of the key
components of the functional system of any behavioral act
[2]. The basic rhythmic activity of the masticatory muscles is
provided by the brainstem motor program generator coordinating
neuronal activity in the trigeminal motor nucleus innervating
the masticatory muscles [2]. Excitation of these neurons
during chewing is continuously adjusted by sensory signals
from the dentofacial system, primarily from the periodontal
mechanoreceptors and masticatory muscle proprioceptors [3],
as well as from maxillofacial receptors of other types [4], which
represents a key link of the innate, and therefore, involuntary
mastication component. The cerebral cortex ensures supreme
control of the brainstem chewing center via the corticobulbar
tract [5-7], thereby also ensuring the conditioned and voluntary
chewing component.

Shaping individual characteristics of masticatory activity is
determined by the features of the maxillofacial region ontogeny,
dentofacial system condition [8], as well as neurophysiology
of the brain and chewing experience [9]. Adaptation to the
development of the maxillofacial region functions during
ontogeny, as well as interhemispheric features of the individual’s
motor control can result in individual functional asymmetry of
chewing. Such asymmetry must manifest itself as predominant
activity of the masticatory muscles on one side of the face,
regardless of the current dominant side for chewing. Our
objective was to assess the possibility of having the masticatory
activity functional asymmetry in healthy young adults without
any dentofacial system dysfunction. The study aimed to
determine the dynamics and asymmetry of the masticatory
muscle activity in healthy young volunteers in cases of forced
and free chewing side change.

METHODS

Seventeen volunteers (6 males and 11 females, aged 18-23
years) participated in this study. The inclusion criteria: complete,
intact dental arches with neutral occlusion (Angle class | on the
left and right); no clinical symptoms of the temporomandibular
joint (TMJ) abnormality. The exclusion criteria: age under 18 years,
pregnancy, almond allergy, patient’s refusal to take part in the
study. At the beginning of the experiment procedure, motor
functional asymmetry of the brain was assessed using standard
motor tests (arm crossing test, “applause”, leg crossing test)
[10]. Then, surface electromyography (EMG) of both left and
right masseter muscles (MMs) and temporalis muscles (TMs)
was recorded using the 4-channel Synapsis EMG system
for dental research (Neurotech, Taganrog, Russia). Pseudo-
monopolar EMG electrodes were used. The resting-state EMG
was recorded (10 s) with the maximum voluntary bite force
(10 s) and during alternate chewing tests, in each of which the
subject was chewing one almond nut: 1) deliberate unilateral
mastication on the left side; 2) deliberate unilateral mastication
on the right side; 3) bilateral voluntary chewing with changing
the dominant side in a free manner convenient for the subject.
EMG was recorded for 30 s in each chewing test, then the
record’s fragments from the beginning of mastication to
initiation of the swallowing reflex were analyzed. An area

of the integrated EMG (uV*ms), mean voltage (Aav, pV) and
duration (s) of the identified bursts were computed for each
chewing stroke. The following parameters were measured:
total integrated EMG, including the EMG amplitude and
temporal characteristics; average amplitude of EMG bursts for
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the test — indicator showing high correlation with the force of
muscle contraction [11]; total duration of the chewing strokes
during the chewing test (chewing duration, s). To assess
the asymmetry of the paired masticatory muscles’ electrical
activity, asymmetry indices were calculated for the right and left
symmetrical muscles for each test using the formula (X right/
X left) — 100%, where X represented an appropriate EMG
indicator.

Statistical analysis of the study results was performed
using the Statistica 12 software package (StatSoft Inc., USA).
To analyze the differences in asymmetry indices based on the
set of chewing tests, we used the repeated measures ANOVA
(Fisher’s post-hoc test), while one-way nonparametric Kruskall-
Wallis ANOVA was used for the test with maximum bite force.
Statistical significance of the differences (p) is shown in the
figures.

RESULTS

Primary bilateral asymmetry of muscle’s activity was assessed
with the integrated EMG asymmetry index (AInt). The dynamic
changes in Alint during chewing, test by test, were similar in
88% of subjects (Fig. 1). After switching from unilateral chewing
on the left side to unilateral chewing on the right side, Alint
rises, what indicates increased muscle activity on the right side
compared to the left side. Then, Alint decreased again during
bilateral voluntary chewing, remaining higher compared to the
first chewing test (in 93% measurements) or similar (and 7%).
We divided the subjects into three groups based on the shift
of the Alint in accordance with changing the dominant side for
chewing. Individuals of group | (with “stable asymmetry”, n = 6)
showed predominance of the MM’s and TM’s EMG activity on
one side of the face in most tests, which was clearly visible in
the bilateral chewing test. In two individuals of this group, the
muscle’s activity was greater on the right side (subgroup la;
Alint > 100%), while in four individuals it was larger on the left
side (subgroup Ib; Alint < 100%) (Fig.1). Individuals of group |l
(with “dynamic asymmetry”, n = 5) demonstrated the oppositely
directed manifestations of the MM’s and TM’s activity in some
chewing tests. We included the subjects with the lack of the
MM and TM adaptation to one or both isolated chewing tests
that manifested itself in considerable (> 20%) predominance
of appropriate activity on the side opposite to the dominant
one in this group of subjects. Furthermore, the Alint reported
for one paired muscle group was above 100%, while that
for the other group was below 100% (Fig. 1). We assigned
individuals, in whom activity of both muscles was larger on the
dominant side compared to another side during the unilateral
chewing tests, to group Il (showing “adaptive control”, n = 6)
(Fig. 1). In three individuals, the dynamic changes in the Alint
enabled inclusion in groups Il and lll. In two of them, TM activity
was slightly greater on the right (< 20%), when chewing on
the left side, in other cases adequate adaptation to chewing
on one dominant side was observed. Although the right-sided
TM asymmetry persisted in these individuals during bilateral
chewing, the differences between the TMs and MMs in the
degree of asymmetry decreased. That is why we assigned
these subjects to group lll. In the third subject, the TM activity
was 12% larger on the left side compared to the other, when
chewing on the right side, and this feature persisted during
bilateral chewing with increasing degree of asymmetry that was
oppositely directed in the TMs and MMs. This allowed us to
include this subject in group |l.

Unilateral masticatory muscle activity predominance
revealed in groups la and Ib did not match predominance of the
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Fig. 1. Individual dynamics of the integrated AMG asymmetry index (Alint) in the identified groups. The x-axis represents the ordinal numbers of the chewing test (see
Methods), and the y-axis represents Alint values (%). The upper row represents Alint of the temporal muscles, the lower row represents Alint of the masseter muscles.

Each line shows individual Alint dynamics in a volunteer

right or left extremity movements during standard motor tests,
reflecting the interhemispheric asymmetry in motor control
(see Table).

As for the temporalis muscles, the ANOVA analysis revealed
a significant impact of the “test” factor on the Alint (F = 19.9;
p < 0.0001), as well as the trend towards interaction between
the “group” and “test” (p = 0.07). The significant impact of the
“test” (F = 36.6; p < 0.0001) and “group” (F = 11.0; p < 0.01)
on the Alint was reported for the MMs, along with the significant
interaction between the “group” and “test” factors (F = 2.76;
p < 0.05).

In the identified groups, significant differences in the Alint
values between the tests were reported for all groups, except
for the Ib subgroup (Fig. 2). During unilateral chewing on the
right side, the Alint significantly increased relative to the test
involving chewing on the left side in subgroup la and group |l
for the TMs, in subgroup la, groups I, lll for the MMs (post-hoc
analysis). Later, during the bilateral chewing test the Alint values
decreased in all groups. When comparing Alint during the
chewing on the left side and bilateral chewing, the Alint values
were significantly lower in the first test compared to bilateral
chewing in group Il for the TMs and in group I for the MMs.

Significant between-group differences in the Alint values
were reported mainly for the MMs (Fig. 2B). The largest
number of significant differences was reported for subgroup la
in comparison with other groups. In the subjects of subgroup
la, the Alint values were significantly higher compared to other
groups in every test (except for the test involving chewing
on the left side in the subjects of group ), which indicates
marked predominance of the MM activity on the right side.

In the subjects of subgroup Ib, the Alint values, in contrast,
were significantly lower, than in the subjects of subgroup la,
in all tests, and lower, than in individuals of group Il in the test
involving chewing on the right side. We found no significant
between-groups differences in the Alint values during chewing
tests in the subjects of groups Il and lll. In the voluntary
bilateral chewing test, subjects of group | showed considerable
deviation of the Alint values from 100% (> 100% in subgroup la
and <100% in subgroup Ib), while in other groups the values of
this index were close to 100%.

As for the temporalis muscles, significant between-group
differences in the Alint values were reported only for the
subjects of group |, during chewing on the right side (Fig. 2A).
There was lower Alint in the subjects of subgroup Ib compared
to the subjects of subgroup la and group II.

Then we compared manifestations of the mastication
muscle activity asymmetry observed during chewing in the
identified groups with the EMG integrated area asymmetry index
in the test with maximum bite force (Almbf). In the subjects of
subgroup la, the TM and MM activity was larger on the right
side, while in the majority of subjects of subgroup Ib (75%),
it was higher on the left side. In other groups, the majority of
subjects showed the TM and MM activity predominance on the
right relative to the left side (60 % in group Il for both groups
of muscles; 83% and 67% in group lll for the TMs and MMs,
respectively). The Almbf values of the groups are shown in Fig. 3.
The differences between groups were non-significant.

Then we analyzed between-group differences in the
asymmetry index of the average EMG amplitude (Alav) in the
chewing tests. No significant impact of the “group” and “test”

Table. Percentage of subjects (%) with dominant movement of the right limbs in the identified groups

la 16

50% 75%

60% 67%
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Fig. 2. The integrated EMG asymmetry index (Alint, %) in the chewing tests in the identified groups of volunteers. For each muscle, the bars represent intra-group
mean Alint, the whiskers represent the SEM. The red line indicates the equal EMG activity of symmetrical muscles (Alint = 100%). A. Temporal muscles. B. Masseter
muscles. Group designations: see text. Significant differences are indicated by square brackets above the bars (repeated measures ANOVA, Fisher’s post-hoc test):
within-group differences between the chewing tests are highlighted in bold, between-group differences reported during a similar chewing test are highlighted in the light
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factors on the Alav values was reported for the temporalis
muscles. Here, the post-hoc analysis revealed only one
between-group difference in Alav during chewing on the left
side between subgroup Ib and group Il (Fig. 4A).

Significant impact of the “group” (F = 5.72; p = 0.01) and
“test” (F =34.17; p < 0.0001) on the Alav values in the chewing
tests was reported for the MMs. The dynamics of the Alav
shifts test by test in MM was statistically significant in almost
all groups. The Alav values increased during chewing on the
right side relative to chewing on the left side (post-hoc analysis)
in all subjects (Fig. 4B). In the bilateral chewing test, the Alav
values significantly decreased in subgroup la, groups Il lll, and
showed a downward trend in subgroup Ib (o = 0.07).

The between-group differences in the Alav for the MMs
were similar to the differences in the Alint (Fig. 4B). In the
subjects of subgroup la, the Alav largely exceed 100% in all
the tests, which reflected the larger strength of MM contraction
on the right side. In the subgroup la, the Alav was significantly
higher relative to subgroup Ib and group Il during chewing
on the left side, and higher than all other groups during
chewing on the right side. In the bilateral chewing test, the
Alav values of the subjects of subgroup la were significantly
higher compared to the subjects of subgroup Ib, and showed
an upward trend relative to the subjects of groups Il and I
(o < 0.07). In the subjects of subgroup Ib, the Alav values
were far below 100% in the tests with chewing on the
left side and bilateral chewing, which suggests significant
predominance of masticatory muscles activity on the left
side. The Alav values of the subjects of subgroup Ib were
significantly lower compared to the subjects of subgroup la
in all tests, and the subjects of group Ill during chewing on
the right side. Furthermore, a downward trend of the Alav
values relative to group Il during chewing on the right side
could be noted in the subjects of subgroup Ib (0 < 0.1). There
were no significant differences in the Alav values between
group Il and other groups. As it was for Alint, the average
Alav values during bilateral chewing were much over 100%
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in the subjects of subgroup la, below 100% in subgroup Ib,
close to 100% in groups Il and IIl.

Then we assessed the asymmetry index of the total chewing
EMG bursts duration (“chewing duration”) in the chewing tests
(Ald). Significant impact of the “test” factor on the Ald values
was reported for the temporalis muscles (F = 5.09; p < 0.05). No
between-group differences in the Ald values were reported for
the TMs. The post-hoc analysis revealed significant within-
group differences in the Ald values for the TMs between
the tests of unilateral chewing on the left and right side in

250 4

200 1

la 16 Il ln

B Temporal muscles

B Masseter muscles

Fig. 3. The integrated EMG asymmetry index in the chewing test with maximum
bite force (Almbf, %) in the identified groups of volunteers. For each muscle, the
bars represent intra-group mean AImbf, the whiskers represent the SEM. The red
line indicates the equal EMG activity of symmetrical muscles (Almbf = 100%).
Group designations: see text
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Fig. 4. The asymmetry index of the average EMG amplitude (Alav, %) in the chewing tests in the identified groups of volunteers. For each muscle, the bars represent
intra-group mean Alav, the whiskers represent the SEM. The red line indicates the equal EMG activity of symmetrical muscles (Alav = 100%). A. Temporal muscles.
B. Masseter muscles. Group designations: see text. Significant differences are indicated by square brackets above the bars (repeated measures ANOVA, Fisher's post-hoc
test): within-group differences between the chewing tests are highlighted in bold, between-group differences reported during a similar chewing test are highlighted in
the light font as follows: * p < 0.05; ** p < 0.01; *** p < 0.001

groups Il and Ill (Fig. 5A). The average Ald values of these Significant impact of the “group” factor on the Ald values
groups corresponded to the test type: below 100% during  was reported for the MMs (F = 3.73; p < 0.05), along with
chewing on the left side and over 100% during chewing on  the interaction between the “group” and “test” factors (F = 2.97;
the right side. p < 0.05). Significant within-group differences in the Ald

A B

120 4

100 -

80

60

%

40

20

la 16 Il 1]

. Chewing on the left side
. Chewing on the right side
. Bilateral chewing

Fig. 5. The asymmetry index of the total chewing bursts duration in EMG (Aid, %) in the chewing tests in the identified groups of volunteers. For each muscle, the bars
represent intra-group mean Ald, the whiskers represent the SEM. The red line indicates the equal EMG activity of symmetrical muscles (Ald = 100%). A. Temporal muscles.
B. Masseter muscles. Group designations: see text. Significant differences are indicated by square brackets above the bars (repeated measures ANOVA, Fisher’s post-hoc
test): within-group differences between the chewing tests are highlighted in bold, between-group differences reported during a similar chewing test are highlighted in the
light font as follows: * p < 0.05; ** p < 0.01; ™ p < 0.001
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between the tests were reported only for group Il (post-hoc
analysis; Fig. 5B), where the Ald value was lowest during the
test with unilateral chewing on the left side (below 100%),
which suggests more prolonged MM activity on the left side.
In the next test with chewing on the right side, the Ald values
increased well over 100% in the subjects of group lll, which
corresponded to more prolonged MM contraction on the right
side (Fig. 5B). Then, in the bilateral chewing test, the Ald values
decreased significantly, getting close to 100%.

The greatest between-group differences in the MM Ald
values were reported in subgroup la, as it was with the other
abovementioned asymmetry indices (Fig. 5B). Thus, in the
subjects of subgroup la, the Ald values were significantly higher,
than in the subjects of group Ill in the test with chewing on the
left side, compared to the subjects of group Il in the bilateral
chewing test. In the subjects of subgroup Ib and group II, the
Ald values were significantly lower, than in the subjects of group
Illin the test with chewing on the right side.

DISCUSSION

We have distinguished and described several asymmetry types
for the activity of paired masticatory muscles based on the
EMG data of the masticatory and temporalis muscles of the
volunteers having complete intact dental arches with neutral
occlusion (Angle | class on the left and on the right), without any
clinical symptoms of the TMJ abnormality.

It has been shown that in 35% of subjects asymmetry of the
overall electrical activity of paired muscles on the right and left
corresponds to the masticatory goal during the chewing. When
performing the unilateral chewing tests, activity of muscles
of both types in these individuals was significantly larger on
the dominant side, while no evident activity asymmetry was
observed during bilateral chewing. Thus, the motor control
associated with such mastication organization ensures
adequate masticatory muscle involvement in the mastication
program. That is why these study participants were referred
to as the group showing “adaptive control”. The rest of
participants showed maladaptive asymmetry of activity of
the main masticatory muscles during unilateral and bilateral
mastication. Furthermore, 35% of the study participants
showed significant predominance of the masticatory muscle
bioelectrical activity on one side of the face in all tests. The
subjects with such mastication features were referred to as
the group with “stable asymmetry”. Other 30% of participants
demonstrated the oppositely directed MM and TM activity
asymmetry manifestations during chewing, while they showed
no predominance of activity on the dominant side for at least one
of the studied pairs of muscles during unilateral chewing. This
group was referred to as the group with “dynamic asymmetry”.
The analysis of the EMG amplitude and temporal components
during mastication in the subjects of these groups also revealed
significant between-group differences in asymmetry of these
indicators. Furthermore, the major differences were reported
for the MMs: both between-group and between the tests within
each group.

The available literature data on asymmetry of the electrical
activity of the leading masticatory muscles in healthy individuals
are rather controversial. This is likely to be due to different
experimental design. Thus, in a number of studies asymmetry
of the masticatory muscle EMG indicators was assessed using
the test with maximum bite force only [12, 13]. However, as
shown in our study, no full match of the sign of asymmetry
of the paired masticatory muscles is observed with maximum
bite force and during chewing of the natural substrate. Despite
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the fact that the trend towards predominance of the MM and
TM electrical activity on one side of the face in the test with
maximum bite force is preserved in the group with “stable
asymmetry”, we have found no significant differences in the
integrated EMG asymmetry index values between groups.
Since voluntary jaw clenching and chewing food represent
behavioral responses of different types aimed at achieving
different results, it is reasonable to assume the differences in
motor program organization during execution of these tests.
In other studies, the masticatory muscle electrical activity was
assessed only during unilateral chewing [14, 15], which did not
provide a comprehensive view of the mastication motor control
organization. Furthermore, the masticatory muscle activity
asymmetry is usually assessed without allocating subgroups in
accordance with the asymmetry patterns in different tests [13,
15, 16]. This makes comparison of our results with the literature
data on assessing the masticatory muscle asymmetry difficult.
However, the facts reported in the papers on the topic allow us
to suggest what mechanisms underly the identified differences
in the masticatory muscle activity asymmetry in the groups we
have identified.

The masticatory muscle activity ratio reported during
chewing reflects primarily the features of motor control. The
lack of TMJ abnormalities, bite abnormalities, and dental
lesions in the study participants suggest the key effect of
behavioral features on developing the masticatory muscle
function asymmetry. The functional interhemispheric asymmetry
manifested by dominance of certain arm or leg during movement
might be one such factor. The motor tests we have performed
[10] have revealed predominance of right-handed individuals
in each of the identified groups. This suggests that there is no
direct relationship between the presence of interhemispheric
asymmetry in organization of motor control of the limbs and
masticatory muscles, which seems logical due to various types
of behavior involving these groups of muscles.

In our opinion, the lack of the exact match between
manifestations of bilateral masticatory muscle activity
asymmetry with maximum bite force and during chewing
demonstrates different cortical organization of the fast and
slow motor unit recruiting in the masticatory muscle contraction
during execution of the habitual behavioral action (chewing of
food) and in the unfamiliar nonspecific jaw clench test.

It is interesting that the majority of between-group
differences in masticatory asymmetry were reported for the
MMs. According to the available literature data, the MM and
TM control on the right and left side is performed in concert,
which, for example, is reflected in the existence of significant
correlations between the EMG activity of muscles on the left
and right side, as well as between the activity of the right MM
and both TMs in the test with maximum bite force [8]. This
ensures coordination of muscle contraction during chewing.
However, motor control of each muscle is specific, which
is, in particular, manifested by low coefficient of the above
correlations (not exceeding 0.6), no correlation between the
activity of the left MM and both TMs, as well as by different
extent of activation of each muscle during execution of various
functional tasks (chewing of various substrates, jaw clench,
rhythmic jaw movement, etc.) [17]. Thus, individual chewing
pattern can be expressed in the varying degree of the MM and
TM activity asymmetry.

In a number of studies, it has been found that the
contribution of the MMs to the overall electrical activity of
these masticatory muscles during chewing of solid food when
performing such EMG recording during the chewing tests is
larger, than that of the TMs: during both free chewing [16] and
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on the dominant side during unilateral chewing [18]. In the latter
case, the integrated EMG asymmetry between the dominant
and contralateral side is greater for the MMs, than for the TMs
[14, 16, 19]. Furthermore, the MM motor control program is
more variable, which is indicated, for example, by the increase
in the frequency of the MM electrical potential oscillation
with the jaws clenched after the short-term normalization of
occlusion with a splint in dental patients, along with the lack
of significant differences in the frequency of the TM potential
oscillation [20]. These facts confirm greater importance of
controlling the MM activity compared to the TM activity during
organization of chewing, which can result in higher variability
of the MM bilateral asymmetry manifestations in individuals
having no maxillofacial abnormalities. In this regard, our data
reflect mostly manifestations of individual behavioral adaptation
of the chewing function. Such behavioral components can
affect dental processes. For example, the presence of the
TMJ dysfunction can be accompanied by various MM and TM
electrical activity shifts and its asymmetry in various studies
[21]. The types of the masticatory muscle activity ratio we
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OLIEHKA POJ11 NEMEHOYHOIO METABOJIUSMA B BUOTPAHCPOPMALMKN CUOAHOHUMUHOB IN VIVO
H. C. Monos'=, B. M. Tepexos', M. C. BapaHos?, B. tO. Banabarban?, [. E. Kayposa?, V. H. MscHaHko?, E. A. Tepexosa'

" TBepCKOW rocydapCTBEHHbIN MeAULIMHCKUI yHBEPCUTET, TBepb, Poccus

2 Hay4Ho-1cCnenoBaTeibCKN MHCTUTYT TRaHCTSLMOHHOM MeAVLIMHBI, POCCUIACKMIA HaLWMOHaSTbHBIN MCCNEN0BAaTENbCKUA MEAVLIMHCKUA YHBEpCUTET MeHn H. . Mporosa,
Mocksa, Poccus

Vccnenosarme GroTpaHcdopMann hapMakoiormieckin akTUBHBIX MOJEKYS — BAXKHEMLLMI STarn pa3paboTKu NeKapCTBEHHbIX CPEACTB, PesysTaTbl KOTOPOro
MO3BONSHOT BbIABUTL AKTVBHbIE 1 TOKCUHHBIE METAGONTBI, MPOrHO3MPOBATL SIEKAPCTBEHHbIE B3AUMOEVICTBYS, a TakxKe ABNSOTCS (hyHAaMEeHTaIbHOM OCHOBOM
L7153 LeNeHanpaBieHHOro KOHCTPYMPOBAHMS MOSIEKYS1 HOBbIX NIEKAPCTBEHHbIX KaHamaaTos. OCHOBHbLIM OPraHOM, MPMHAMAIOLLIVIM YHacTvie B GUoTpaHchopmaLim
NIeKapCTB, ABMSETCS nedeHb. LLIMPOKO rcnonb3yemble B HACTOSILLEE BPEMst METOAb! NCCenoBaHnst MeTabomama in Vitro He NosBOMSIOT BbISIBATL MPOAYKTbI
BHEMEYeHO4HOM BUoTpaHchopMaLn NIekapCTBEHHbIX Monekyn. Llenbio nccneposaHmns 6bino padpaboTaTs in vivo NOAXOL K ONpeaeneHnio ponv nedeHn B
6rOTpaHCHOPMaLIN MOSIEKYI NIEKAPCTBEHHBIX KaHAVAATOB. [PeaOXEHHbIN NOAXO[ OCHOBaH Ha OCYLLIECTBIEHUM COCYAVCTON UBONALMM NEHEHI Y TaBOPaTOPHBIX
KPbIC, BbINOMHEHHOW XPYPIUHECKM MyTem. YdacTue AaHHOro opraHa B GroTpaHchopMaLn hapMaKkoioriyeckyl akTUBHBIX MOSIEKYN NOKasaHo Ha npuMepe
COeAVHEHNS-NAepa 13 rpynmbl CUAHOHMMUHOB, 06NafalLWEro COCYA0PACLUMPSIOLLEN aKTUBHOCTBLIO. MoKa3aHo, YTO MCKITHOYEHNE NMEYEHN 13 CUCTEMHOTO
KPOBOTOKA HE MPUBOANT K 06Pa30BaHio METABGOSTOB 13YHaeMOro COSANHEHIS, MABHTUMDULIMPYEMbIX C MOMOLLbIO XPOMATO-MaCC-CNEKTPOMETPUN. [oMyYeHHbIe
pesynbTaThbl MOMyT CY»MTb OCHOBOW A5 MPOrHO3MPOBaHS (DAPMaKOKUHETUKN, 3th(EKTUBHOCTY 1 6E30MNACHOCTM NEKAPCTBEHHbBIX CPEACTB.

KntouyeBble cnoea: GrotpaHcdopmaumst, hapMakoKMHETUKE, CUOHOHMMYIHBI, Ba30AUNATATOPbI, XPOMATO-MaCC-CNEKTPOMETPHIS
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Assessment of the candidate molecule biotransformation
represents the most important phase of drug development [1].
Generation of toxic drug metabolites is a factor contributing
greatly to safety of the ongoing drug therapy and the cause of
the pre-clinical and clinical trial failure [2]. In contrast, generation
of pharmacologically active metabolites can significantly
increase the drug use efficacy [3] and can provide the basis
for the design of new drug molecules [4]. The data on drug
biotransformation are important at the stage of developing
the dosage form composition and production technology [5];
these also allow one to predict many drug interactions [6].
Furthermore, the data on metabolic pathways of the known
compounds provide the basis for the targeted design of new
candidate drug molecules [7].

The liver is the main organ involved in biotransformation
of drugs [8]. The drug candidate metabolism testing in the
early development phase is most commonly conducted in
vitro via incubation of substances with the liver microsomal
fraction containing various enzymes [9-11]. This is a generally
accepted, affordable and reproducible approach [12].
Furthermore, this allows one to identify certain cytochromes
involved in metabolism of a specific substance [13]. However,
such method has a number of fundamental flaws, among
which impossibility of identifying products of extrahepatic drug
biotransformation can be distinguished [14]. The alternative
approach is in vivo biotransformation assessment, during
which laboratory animals receive the test drug, and after that
biomaterial (blood plasma, urine, internal organ fragments)
is collected from these animals after a while. Biomaterial
is tested in order to detect probable metabolites [15]. The
results obtained also cannot give an accurate picture of the
liver involvement in drug biotransformation processes.

One of the approaches to determination of the liver
involvement in metabolism of pharmacologically active
substances represents surgical elimination of the organ from
systemic blood flow performed immediately before the test
drug administration. Comparison of the results of determining
probable metabolites in biomaterial collected from the
laboratory animals with vascular liver isolation and without
it by chromatography-mass spectrometry makes it possible
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to draw conclusions about the role of hepatocytes in the test
molecule biotransformation.

The study aimed to develop an in vivo approach to
determination of the role of the liver in biotransformation of
candidate drug molecules.

METHODS

All experimental work, including pharmacological and
bioanalytical phases, was performed at the research laboratory
of the Tver State Medical University.

The BBP2023 leader compound representing a sydnone
imine derivative that possessed vasodilator activity was used as
an experimental object for assessment of the liver involvement
in drug biotransformation (Fig. 1).

In the first phase of the study, the structure of probable
BBP2023 compound metabolites, for which accurate
monoisotopic mass values were calculated, was predicted
based on the knowledge about common xenobiotic
biotransformation pathways (Table 1).

In the second phase, a pharmacological experiment was
conducted that was aimed at collecting biomaterial (blood
plasma) containing probable metabolites. The testing involved
male Wistar rats weighing about 250 g (SMK STEZAR LLC
breeding nursery, Russia). Cages with animals were kept in
a controlled environment (20-26 °C and relative humidity
30-70%). In the rooms, where the animals were kept, a
12 h light/dark cycle was used, along with 8-10 air changes
per hour. Rats were fed with the PK-120 complete animal feed
(Laboratorkorm LLC, Russia) and were given ad libitum access
to filtered tap water. Cleaning of cages, mopping of rooms,
and replacement of water bottles with new ones were carried
out daily. The animals were deprived of food on the eve of the
experiment.

During testing three rats underwent a single intragastric
administration of the BBP2023 active pharmaceutical ingredient
(API) in the form of the 10% corn oil emulsion in a dose of 1/100
LD,.. A total of 0.1 mL of blood was collected from the rat tail
vein 3 h after administration of the drug using an insulin syringe
containing 2 1U of sodium heparin. The collected blood was

f
NN

Fig. 1. BBP2023 structural formula, where R is a saturated branched hydrocarbon radical (C_H.,)

7' 15

Table 1. Expected BBP2023 compound biotransformation products and their monoisotopic mass

Probable metabolite Molecular mass, Da Probable metabolite Molecular mass, Da
BBP2023 255.16 R-NH, 115.13
BBP2023 + OH 271.15 BBP2023 + OH + glucuronic acid 44719
BBP2023 + 20H 287.15 BBP2023 - (CO)OC,H, + OH + glucuronic acid 375.16
BBP2023 + 30H 303.15 R-NH, + OH 131.13
BBP2023 - (CO)OC,H; 183.14 R-NH, + OH + glucuronic acid 307.16
BBP2023 - (CO)OC,H, + OH 199.13 BBP2023 + OH + sulfuric acid 351.11
BBP2023 - (CO)OC,H, + 20H 215.13 BBP2023 + glutathione 560.23
BBP2023 - (CO)OC,H, - NO 154.15 BBP2023 - (CO)OC,H, - NO+ OH + glucuronic acid 346.17

Note: R — saturated branched hydrocarbon radical (C7H15)
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Table 2. Chromatographic parameters for determination of the expected BBP2023 compound biotransformation products

Chromatography system

Agilent Technologies 1260 Infinity Il (Agilent Technologies, USA)

Chromatography column

Agilent InfinityLab Poroshell 120 EC-C18 4.6 x 100 mm, 2.7 ym

Guard column

Zorbax Eclipse Plus C18 4.6 x 12.5 mm, 5 ym

Elution solvent A

Deionized water + 0.1% formic acid

Elution solvent B

Acetonitrile + 0.1% formic acid

Time, min Flow rate, mL/min % A % B
0.0 90 10
1.0 90 10
Gradient program 4.0 5 95
8.0 04 5 95
8.01 90 10
12.0 90 10
Column thermostat temperature, °C 30
Sample volume, L 10
Total analysis time, min 12

Injector washing

Via washing port, 3 s, 50% aqueous methanol solution

immediately transferred to 0.2 mL Eppendorf tubes; plasma was
produced using the LMC-4200R laboratory centrifuge (Biosan,
Latvia) at room temperature and rotor speed of 3000 rpm for
10 min. A total of 50 pL of plasma collected was combined
with 800 pL of methanol supplemented with 0.5% formic acid;

samples were vortexed using the Microspin FV-2400 vortex mixer
(Biosan, Latvia) for 15 s, kept at a temperature of —-40 °C —
in the MDF-136 freezer (Sanyo, Japan) for 30 min; after that
the supernatant was separated using the D-37520 centrifuge
(Sigma, Germany) at 15,000 g and =10 °C — for 20 min. The

Fig. 2. A. Skeletonization of the abdominal aorta (aorta abdominalis) with the celiac trunk (truncus celiacus) B. Stumps of the celiac trunk with the ligatures placed.
C. Portal vein (vena portae) isolation. D. Portal vein with the ligatures placed. E. Crossing the portal vein between the ligatures. F. Drug injection into the inferior vena
cava (vena cava inferior). A sterile latex glove was used as a contrast medium during surgery in order to enhance the information content
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Tabl3 3. Structural formulae of the identified BBP2023 compound metabolites and MRM transitions used for detection during chromatographic analysis

Structural formula MRM transition, m/z Structural formula MRM transition, m/z
(0]
I-° [ v
256.2/57.1 200.1/73.1
| \>§ N N O/\ 256.2/102.1 HO N < NH 200.1/86.1
N
~ / ~I
RT@ ™ R"®
N—O
184.1/57.1 OH NH 132.1/114.1
l\ll \>§ NH 184.1/86.1 ~R” 2 132.1/86.1
/
R@®
NH C~ 155.2/57.1
R >~ N\ 155.2/95.0 CN)/O
Il o o. /I\Il = NH 376.2/86.1
HO R ®\ 376.2/115.1
376.2/183.1
O o Q HO OH
N~ | 272.2/102.1 OH
HO lll SN /\O a 272.2/73.1
_ NH2 116.1/57.1
R 116.1/99.1
SXe) 0
T l\ll/ )J\ A 448.2/255.2
S) o O0__0_ N/ N © 448.2/158.1
N/O /lL HO R'® 448.2/102.1
I \ o~ 288.2/102.1
N (0] 288.2/89.1 HO OH
HOL N
R® OH
OH

Note: R — saturated branched hydrocarbon radical (C,H,,).

supernatant was filtered using the 0.22 pm membrane filter
(Laboratoriya Vody, Russia), and injected directly into the
electrospray ion source of the AB Sciex 3200 MD Qtrap mass
spectrometer (Sciex, Singapore) using the built-in syringe
pump at a rate of 10 yL/min. First, mass spectrometry analysis
of the BBP2023 compound was conducted in order to identify
characteristic product ions (Product lon mode). Given that
fragmentation of potential metabolites can yield product ions
overlapping with the BBP2023 compound fragment ions
based on the m/z value (mass divided by charge number),
the reverse screening of molecular ions was performed for the
corresponding product ions (Precursor lon mode). The signals
identified were compared with the theoretically calculated
monoisotopic mass values of the expected metabolites.
When these values coincided, the BBP2023 compound
biotransformation products identified were tested by mass
spectrometry in the Product lon mode in order to indirectly
confirm the chemical structure. The mass spectrometry testing
results were later used to detect the expected metabolites in
the multiple reaction monitoring (MRM) mode when performing
chromatography analysis of blood plasma of intact rats and
the animals administered the BBP2023 compound. For this
purpose, chromatography conditions specified in Table 2
were selected.
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To assess the liver involvement in the BBP2023 compound
biotransformation, surgery aimed to eliminate this organ from
systemic blood flow was performed in three rats in the third
phase of the experiment. The animal’s fur was completely
removed from skin in the surgical site; 0.1% atropine sulfate
solution (Dalhimfarm, Russia) in a dose of 0.04 mg/kg was
administered subcutaneously for premedication. Rats were in
supine position. The upper midline laparotomy was performed
under anesthesia achieved via subcutaneous administration of
the combination of tiletamine hydrochloride 5 mg, zolazepam
5 mg (Zoletil, Virbac, France), and xylazine 4 mg (Nita-Farm,
Russia); intestinal loops were retrieved, pulled to the left,
wrapped in napkins soaked in warm sterile saline; the Adson
retractor was installed. The portal vein (vena portae) and the
celiac trunk (truncus celiacus) were isolated, tied up with the
USP 3/0 lavsan thread (Medthekhnika, Russia), and crossed
between the ligatures (Fig. 2). A key point of the portal vein
ligation is that ligature is placed before the branches going to
the liver begin to branch out from the vein. After vascular liver
isolation, the BBP2023 compound solution (27.5 mg/mL) in a
volume of 0.1 mL (1/100 LD,,) was injected into the subhepatic
segment of the inferior vena cava (vena cava inferior) using the
insulin syringe with the 30G needle (Inecta, China); a hemostatic
sponge (Belcozin Factory, Luga, Russia) was placed onto the
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Fig. 3. Fragments of blood plasma chromatograms of the sham-operated animals, which were intravenously administered the BBP2023 compound in a dose of 1/100 LD,

R — saturated branched hydrocarbon radical (C,H.,)

puncture site. After achieving hemostasis, the layer by layer
closure of the laparotomy wound was performed.

Blood was collected from the rat tail vein 3 h after administration
of the drug; plasma collection and sample preparation were
performed in accordance with the previously reported method. The
samples processed were assessed by chromatography in order
to detect the BBP2023 compound metabolites. Furthermore,
biomaterial was tested that was collected from intact and sham-
operated animals (without liver isolation), which were intravenously
administered the drug in the same way. After blood collection the
animals were euthanized through carbon dioxide inhalation.

Primary chromatography—-mass spectrometry data were
processed using the embedded AB Sciex Analyst 1.3.6
software (AB Sciex, USA).

RESULTS

Screening of blood plasma of the rats subjected to intragastric
administration of the test drug revealed a metabolite representing

the BBP2023 compound devoid of the ethoxycarbonyl group.
Furthermore, a product was found formed after the nitrogen
monoxide (NO) splitting off the above molecule. This fact may
be an indirect evidence of the expected test leader compound
pharmacodynamics. Moreover, screening revealed the mono-
and dihydroxylated derivatives of the above metabolites and
the original compound, as well as the glucuronic acid esters of
these compounds (Table 3). Some metabolites identified were
synthesized and used as standards when setting the method
and performing further chromatographic analysis. The fact that
the retention times of these compounds coincide confirms
correctness of their identification in the screening phase.

The intact rat plasma testing revealed no chromatographic
peaks corresponding to the BBP2023 compound and its
metabolites, which confirmed selectivity of the identification
method developed. The analysis of plasma samples collected
from the sham-operated animals (without liver isolation), which
were intravenously administered the test compound in a dose
of 1/100 LD,, 3 h before blood collection, made it possible
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Fig. 4. Fragments of blood plasma chromatograms of the rats with vascular liver isolation, which were intravenously administered the BBP2023 compound in a dose

of 1/100 LD,,. R — saturated branched hydrocarbon radical (C,H,,)

to detect chromatographic signals of all biotransformation
products identified in the second phase (Fig. 3).

The results of chromatographic analysis of blood plasma
collected from rats, which received the BBP2023 API in
the same dose after vascular liver isolation, confirmed the
presence of the signal corresponding to the original compound.
Furthermore, the chromatographic peak area was on average
2.8 times larger than that obtained when testing biomaterial
collected from the sham-operated animals. Furthermore, it was
found that there were no peaks corresponding to the earlier
detected BBP2023 compound biotransformation products
(Fig. 4).

DISCUSSION

The findings allow us to draw a conclusion that the liver is
directly involved in production of the identified BBP2023
compound metabolites in rats. The use of perfectly healthy
animals was an important factor of the above experiment,
since any damage to hepatocytes leading to the emergence
of hepatic enzymes in blood can considerably affect reliability
of the results obtained. Impossibility of testing the drugs that
have exclusively enteral dosage forms represents one of the
disadvantages of this approach. In this case, the test substance
cannot enter systemic bloodstream due to the ligature placed
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on the portal vein. Furthermore, one should consider possible
interplay between the candidate drug and the components of
anesthesia when conducting such an experiment.

One of the options for the implemented approach is the
use of temporary restriction of blood flow through the liver
by placing surgical clips on the corresponding blood vessels.
Blood collection and subsequent blood flow restoration are
accomplished after a certain time after drug administration.
Blood re-collection after a specified time with subsequent
testing of plasma for metabolites will allow one to consider
the animal’s individual characteristics in terms of certain
drug candidate biotransformation. Perhaps, such an approach
can be implemented with respect to other organs, such as
the kidney.

CONCLUSIONS

The approach to assessment of the role of the liver in
biotransformation of candidate molecules at the early stages
of drug development proposed in this study is versatile and
informative. It can be used as an independent in vivo metabolism
assessment method, or to complement the widely used in vitro
methods. The results obtained when applying this approach
can provide the basis for prediction of drug pharmacokinetics,
efficacy, and safety.
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CASE REPORT OF THE PATIENT WITH FOUR MULTIPLE PRIMARY MALIGNANT TUMORS
IN THE DUODENUM AND COLON
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Currently, the occurrence of multiple primary malignant tumors is one of the complex and poorly understood issues of oncology. After the diagnosis of malignant
neoplasm is established, the risk of a new primary, non-metastatic tumor increases in a patient. The paper presents a case report of the patient with four multiple
primary malignant tumors in the duodenum and colon. Synchronous cancer of the cecum and rectosigmoid junction occurred after 9 months of the duodenal
cancer pancreatoduodenal resection, photodynamic therapy, and 12 multiagent chemotherapy courses. The patient received 8 courses of chemotherapy with
capecitabine, during which cancer progression was reported, and 16 multiagent chemotherapy courses. Two years later rectal cancer occurred, due to which
rectal re-resection was conducted, along with 4 multiagent chemotherapy courses and target therapy. This clinical case emphasizes that it is necessary to perform
additional assessment when treating patients with synchronous or metachronous multiple primary tumors to ensure the timely diagnosis and multidisciplinary
approach to treatment of cancer patients.
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After the diagnosis of malignant neoplasm is established, the
risk of a new primary, non-metastatic tumor (multiple primary
malignant tumor, MPMT) increases in a patient. MPMTs are
found in 2-17% of individuals, who have undergone treatment
due to the first tumor; their risk of developing MPMT is
increased 1.1-1.6-fold relative to the general population [1]. The
first mention of MPMT dates back to 1793, when J. Pearson
reported the case of metachronous cancer in both breasts and
the uterus [2]. In 1947, N.N. Petrov added the description of
primary multiplicity criteria in the first Soviet clinical oncology
guidelines: “tumors shall not be neither metastatic, brought
by the flow of lymph, blood or across the serous cavities, nor
imprints developed from contact” [3].

Today, two most common definitions presented in the
Surveillance Epidemiology and End Results (SEER) and the
International Association of Cancer Registries and International
Agency for Research on Cancer (IACR/IARC) are used.
According to the guidelines of the SEER database, a 2-month
interval should be used for differentiation of synchronous and
metachronous MPMTs. At the same time, International Agency
for Research on Cancer (IARC) suggests to consider tumors
synchronous, when these are diagnosed with an interval less
than 6 months (or metachronous, when the interval exceeds
6 months), provided that the tumors are localized in different
organs [4].

Small intestine cancer (SIC) is a rare malignant tumor:
it is found in about 0.6% of cancer cases and 3-6% of GIT
tumor cases; SIC mortality is 0.3% of the total number of
fatal outcomes in cancer patients reported all over the world.
In 31.6% of cases, early-stage SIC is diagnosed. Overall
(5-year) survival rate of patients having localized small intestine
cancer reaches 84.8%. According to statistics, the average
annual increase in the number of new SIC cases was 2.2%
in 2012-2021, while mortality rate increased by an average of
2% annually in 2013-2022 [5, 6]. Primary malignant tumors
of the duodenum are rare. These constitute about 61% of
all small intestine cancer cases [7]. According to the WHO
data, colorectal cancer (CC) ranks second among all causes
of cancer mortality all over the world. In 2020, more than 1.9
million new CC cases were reported, and the rate of deaths
from this disorder exceeded 930,000 cases [7].

The authors of one retrospective study analyzed 55 CC
cases [8] and noted that gastric cancer was the most common
malignant neoplasm associated with CC (20% of cases). Next
in prevalence were esophageal cancer, uterine cancer and lung
cancer; only one patient was diagnosed with duodenal cancer
that was found first, while CC was found more than 6 months
later [8].

The paper presents a case report of the patient with four
multiple primary malignant tumors in the duodenum and colon.

Clinical case description

Female patient L. aged 56 years stays at the cancer hospital
in Azov. In 2020, examination conducted due to complaints
of weight loss, yellowing of the skin, and itching, revealed
a duodenal tumor (based on the EGD data of August 10,
2020): infiltrative and ulcerative c-r in the retrobulbar parts of
the duodenum, moderately differentiated adenocarcinoma
determined in biopsy specimens, MRI features of tumor lesion
of the duodenal wall, head of the pancreas, and parapancreatic
tissue. Examination yielded no data confirming other malignant
neoplasms; fibrocolonoscopy conducted on August 10, 2020
revealed a polyp 30 cm from the anus. The following diagnosis
was established: duodenal cancer cT4ANOMO st. Ilb, clinical

group 2, obstructive jaundice. Percutaneous transhepatic
cholangiostomy was performed on August 13, 2020; the
following surgical intervention took place after the bilirubin level
were back to normal (total bilirubin 8.8 pmol/L) and preoperative
preparation was completed on August 21, 2020: laparotomy,
gastro-pancreatoduodenal resection, cholecystectomy with
an intraoperative photodynamic therapy session on the bed of
the tumor removed. Postoperative period proceeded without
complications; the patient received supportive drug therapy
that included preventive antibiotics and antithrombotic agents.
The following report was obtained after the surgical material
histological examination conducted on August 28, 2020: poorly
differentiated adenocarcinoma G3 — high grade with mucosal
ulceration, extension into all intestinal wall layers, pancreatic
tissue invasion, necrotic foci, lymphoid infiltration along the
tumor periphery, perineural invasion, presence of tumor emboli
in lymphatic and blood vessels. Sinus histiocytosis, follicular
hyperplasia were found in 12 lymph nodes assessed. There
was chronic inflammation in the intestinal wall, outside the
tumor. There were ectatic acini with the dilated lumen outside
the pancreatic tumor. The resection margin showed no signs of
tumor growth (Fig. 1).
The following diagnosis was established: duodenal cancer
extending into the pancreas pT4bNOMO st. IIB, clinical group 2.
According to the chemotherapist’s advice dated September
15, 2020, the patient was recommended FOLFOX-6 adjuvant
multiagent chemotherapy with a satisfactory condition of the
patient, complete blood counts and blood biochemistry panel
within normal range, after consulting a general practitioner and
a cardiologist (if there were no contraindications) throughout
6 months after surgery: 2-h infusion of oxaliplatin (85 mg/m?) on
day 1, intravenous leucovarin 400 (mg/m?) throughout 2 h with
the subsequent bolus of intravenous 5-fluorouracil (400 mg/m2)
and 46-h infusion of 5-fluorouracil (2400 mg/m?). The interval
was 14 days. In October-March 2021, a total of 12 FOLFOX-6
adjuvant multiagent chemotherapy courses were conducted.
The complaints of constipation, tenesmus, mucus
discharge from the rectum during bowel movements, fatigue
arose almost immediately after the multiple multiagent
chemotherapy courses were completed. Two tumors were
revealed based on the fibrocolonoscopy data dated April 29,
2021: in the rectosigmoid junction and ascending colon. Report
of the histological examination conducted on May 17, 2021:
G2 adenocarcinoma (ascending colon), G2 adenocarcinoma
(rectosigmoid junction). Abdominal ultrasonography dated
April 29, 2021: structural alteration of the left peritoneal lymph

Fig. 1. Surgical material: poorly differentiated duodenal adenocarcinoma, G3
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Fig. 2. Surgical material. Moderately differentiated adenocarcinoma, G2

nodes. Spiral computed tomography (CT) of the abdomen
dated May 18, 2021: diffuse liver changes, condition after
pancreatoduodenal resection.

The following surgical procedure was conducted on May 31,
2021: right hemicolectomy, anterio-superior rectal resection.
Postoperative period proceeded without complications. Report
obtained after the surgical material histological examination
conducted on June 7, 2021: G2 adenocarcinoma invading
the subserous layer in the cecum; assessment of the regional
lymph nodes revealed metastatic lesions in six of those, G2
adenocarcinoma invading the muscular layer was found in the
rectosigmoid junction, no metastasis was found in 8 regional
lymph nodes. The resection margins showed no signs of tumor
growth. The patient was discharged in fair condition (ECOG-1).

The diagnosis of multiple primary metachronous cancer
was established: cecal cancer pT2N1MO st. IlI, clinical group 2,
rectosigmoid cancer pT2NOMO st. |, clinical group 2, duodenal
cancer extending into the pancreas pT4bNOMO st. IIB; 12 adjuvant
multiagent chemotherapy courses.

According to the chemotherapist’s advice dated June 12,
2021, the patient was recommended capecitabine chemotherapy
courses. A total of 8 capecitabine chemotherapy courses were
conducted between July 2021 and January 2022. At the time
of treatment, the patient’s condition corresponded to the ECOG
score 0-1, the treatment courses were accompanied by the
1st degree gastroenterocolitis. Scheduled clinical supervision
was accomplished in accordance with the regulations provided.

InMay 2022, a year after surgery due to colorectal malignant
neoplasms, the next check-up and spiral CT of the abdomen
revealed enlarged paraaortic lymph nodes sized up to 16 mm
with unclear margins, “obscure” mesentery, no free fluid in the
abdominal cavity, which were considered as metastatic lesion
of the retroperitoneal lymph nodes.

The council of physicians decided to conduct FOLFIRI
anti-cancer drug therapy. In June-August 2022, a total of five
FOLFIRI multiagent chemotherapy courses were conducted:
irinotecan 180 mg/m? 300 mg within a day, calcium folinate
680 mg within a day (400 mg/m?), 5-fluorouracil 680 mg
within a day, infusional 5-fluorouracil 4100 mg through the
microinfusion pump within 46 h (2400 mg/m?).

Spiral CT of the abdomen and pelvis performed on
September 20, 2022 revealed metastasis. The patient received
6 FOLFIRI multiagent chemotherapy courses between October 3,
2022 and December 14, 2022.

Based on the results of spiral CT of the chest, abdomen,
and pelvis performed on January 23, 2023, a conclusion was
drawn about cancer progression due to metastatic lesions in
the retroperitoneal and mesenteric lymph nodes.
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In February 2023, Aflibercept, the targeted drug (tumor
angiogenesis inhibitor) was prescribed; in February—July 2023,
a total of 5 .. FOLFIRI multiagent chemotherapy courses +
target therapy (infusional Aflibercept 4 mg/kg 260 mg within a
day) were conducted.

The patient noted health deterioration (nausea, itching,
fatigue) when receiving chemotherapy. In September 2023,
routine fibrocolonoscopy revealed a polyp in the transverse
colon, which was removed by endoscopy. In February 2024,
the patient experienced abdominal pain, as well as blood and
mucus discharge during bowel movements again. In April 2024,
fibrocolonoscopy performed in the residential clinic revealed the
fourth malignant tumor localized in the rectum 8 cm from the
anus, proximal to which, 13 cm from the anus, a previously
formed intestinal anastomosis showing no signs of tumor
infiltration was located. Histological assessment revealed
a G2 moderately differentiated adenocarcinoma. Spiral
CT of the abdomen conducted on April 24, 2024 revealed
wall thickening of the rectosigmoid junction, retroperitoneal
lymphadenopathy.

Considering the fact that more than 30 chemotherapy
courses had been earlier conducted, it was decided to
perform surgery. On May 14, 2024 anterior rectal re-resection
was performed. G2 adenocarcinoma in the rectal wall with
inflammation, ulceration, and hemorrhage was diagnosed based
on the surgical material histological examination conducted
on May 28, 2024. The tumor infiltrated into the mucous layer,
submucous layer, muscular layer, extended into the pararectal
adipose tissue showing perineural invasion, invasion of blood
vessels. No signs of lymphatic vessel invasion were found.
The resection margins (distal and proximal) showed no signs
of tumor growth. No components of the tumor were found
in12 lymph nodes isolated from the regional adipose tissue
(Fig. 2).

Multiple primary synchronous-metachronous cancer of the
middle ampullary rectum pT3NOMO, st. lla, rectal re-resection,
duodenal cancer pT4bNOMO, st. llb, pancreatoduodenal
resection, intraoperative photodynamic therapy in 2020,
12 adjuvant multiagent chemotherapy courses, cecal cancer
pT2N1MO st. lll, rectosigmoid cancer pT2NOMO st. I. In
2021, right hemicolectomy and anterior rectal resection were
performed, 8 capecitabine monotherapy courses and 16 multiagent
chemotherapy courses were conducted.

According to the chemotherapist’s advice dated May 26,
2024, FOLFIRI anti-cancer drug therapy + target therapy with
Aflibercept was indicated. The next course started on day 15.

In June-August 2024, a total of 4 FOLFIRI anti-cancer
therapy courses + target therapy with Aflibercept were conducted.

During the chemotherapy courses, the patient assessed
her condition as satisfactory, she noted increased fatigue and
occasional nausea.

Clinical case discussion

Today, the causes of MPMTs are poorly understood. It is
assumed that these are affected by several factors, such
as advances in early diagnosis and treatment of malignant
neoplasms, screening, and scheduled diagnostic tests
following identification of the first tumor, due to which the
second and subsequent tumors are identified, and the cancer
patients’ life expectancy increases. It is also important to note
the early use of specific anti-tumor treatment, especially the
methods having a damaging effect on DNA (radiation therapy
and chemotherapy) and used for treatment of the first malignant
neoplasm: the immune status deterioration associated with
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such treatment can be a ground for the development of
subsequent tumors [9]. Furthermore, genetic susceptibility and
exposure to environmental factors can play an important role.
A retrospective trial conducted at the Korean cancer
center involved analysis of the data of 96,174 adult patients
diagnosed with their first cancer in 2003-2022. Among them
87,338 were diagnosed with a single primary malignant
neoplasm, while in 8836 patients (9% of the total number)
two or more neoplasms were identified. The analysis of
median latency period showed that in 44% of patients with
multiple primary tumors the second malignant tumor was
identified within 1-5 years after the first one. A similar trend
was reported for subsequent cancers: 40% of third and 42%
of fourth primary tumors were diagnosed within 1-5 years
after the previous diagnosis. The decrease in time to the
emergence of new tumors: the median interval between the
first and second malignant tumors was 4.1 years, between
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