BULLETIN OF RUSSIAN STATE MEDICAL UNIVERSITY

BIOMEDICAL JOURNAL OF PIROGOV RUSSIAN NATIONAL
RESEARCH MEDICAL UNIVERSITY

EDITOR-IN-CHIEF Denis Rebrikov, DSc

DEPUTY EDITOR-IN-CHIEF Alexander Oettinger, DSc
EDITORS Valentina Geidebrekht, Liliya Egorova
TECHNICAL EDITOR Nina Tyurina

TRANSLATORS Ekaterina Tretiyakova, Vlyacheslav Vityuk

DESIGN AND LAYOUT Marina Doronina

EDITORIAL BOARD

Belousov VV, DSc, professor (Moscow, Russia)

Bogomilskiy MR, corr. member of RAS, DSc, professor (Moscow, Russia)
Bozhenko VK, DSc, CSc, professor (Moscow, Russia)

Bylova NA, CSc, docent (Moscow, Russia)

Gainetdinov RR, CSc (Saint-Petersburg, Russia)

Ginter EK, member of RAS, DSc (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)

Zatevakhin Il, member of RAS, DSc, professor (Moscow, Russia)
Kzyshkowska YuG, DSc, professor (Heidelberg, Germany)
Kotelevtsev YuV, CSc (Moscow, Russia)

Lebedev MA, PhD (Darem, USA)

Manturova NE, DSc (Moscow, Russia)

Moshkovskii SA, DSc, professor (Moscow, Russia)

Munblit DB, MSc, PhD (London, Great Britain)

Negrebetsky VV, DSc, professor (Moscow, Russia)

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

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

Novikov AA, DSc (Moscow, Russia)

Polunina NV, corr. member of RAS, DSc, professor (Moscow, Russia)
Poryadin GV, corr. member of RAS, DSc, professor (Moscow, Russia)
Savelieva GM, member of RAS, DSc, professor (Moscow, Russia)
Semiglazov VF, corr. member of RAS, DSc, professor (Saint-Petersburg, Russia)
Slavyanskaya TA, DSc, professor (Moscow, Russia)

Spallone A, DSc, professor (Rome, Italy)

Starodubov VI, member of RAS, DSc, professor (Moscow, Russia)

Stepanov VA, corr. member of RAS, DSc, professor (Tomsk, Russia)
Takhchidi KhP, corrmember of RAS, DSc (medicine), professor (Moscow, Russia)
Suchkov SV, DSc, professor (Moscow, Russia)

Trufanov GE, DSc, professor (Saint-Petersburg, Russia)

Favorova OO, DSc, professor (Moscow, Russia)

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

Khazipov RN, DSc (Marsel, France)

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

Yakubovskaya RI, DSc, professor (Moscow, Russia)

Indexed in Scopus since 2017 Indexed in WoS since 2018 Five-year h-index is 3
scholar 8
Indexed in RSCI. IF 2017: 0,304 Listed in HAC 27.01.2016 (no. 1760) Open access to archive

HAYYHAS SAEKTPOHHAS
BUBANOTEKA

LIBRARY.RU

&

BLICIIASA

arrecrawomia— [YBERLENINKA

Issue DOI: 10.24075/brsmu.2018-05
The mass media registration certificate no. 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

O)

Approved for print 17.12.2018
Circulation: 100 copies. Printed by Print.Formula
www.print-formula.ru



BECTHUK POCCUMUCKOr0o rOCYAAPCTBEHHOIO
MEAULUUHCKOINo YHUBEPCUTETA

HAYYHbBI MEOVLIHCK XKYPHAT PHUMY M. H. 1. MINPOTOBA

INABHbIN PEOAKTOP [leruc PeGpukos, g, 6. H.

3AMECTUTEJIb FMABHOINO PEAAKTOPA AnekcaHgp STTUHrep, 4. M. H.
PEOAKTOPDI BaneHtuHa lenebpex, Jiunus Eroposa

TEXHUYECKUN PEQAKTOP HuHa TiopuHa

NMEPEBOOYUKWU ExatepuHa TpeTbsikoa, Bsavecnas Butiok

ON3AWH N BEPCTKA MapyiHa JopoHiHa

PEOAKUWOHHAS KOJUIErUg

B. B. Benoycos, g. 6. H., npoceccop (Mocksa, Pocusi)

M. P. Boromunbckuia, YneH-kopp. PAH, . m. H., npodeccop (Mocksa, Poccusi)
B. K. BoxeHko, . M. H., K. 0. H., npoceccop (Mockaa, Poccus)

H. A. Bbinosa, k. M. H., foLeHT (Mocksa, Poccus)

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

E. K. TuHTep, akanemunk PAH, a. 6. H. (Mocksa, Poccus)

A. B. l'ygkos, PhD, DSc (byddano, CLLIA)

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

E. . l'yces, akagemvk PAH, a. M. H., npoceccop (Mocksa, Poccus)

B. H. flaHuneHko, 4. 6. H., npodeccop (Mocksa, Poccus)

. N. 3aTteBaxuH, akagemnk PAH, o. m. H., npoceccop (Mocksa, Poccus)
0. I. KxbIwkoBckKa, 4. 6. H., npodeccop (lennensbepr, lfepmaHns)

10. B. KoTeneBues, k. x. H. (MockBa, Poccus)

M. A. NNe6epes, PhD (Japem, CLLIA)

H. E. MaHnTypoBa 4. m. H. (MockBa, Poccuis)

C. A. MowkoBckui, f. 6. H., npoceccop (Mocksa, Poccus)

A. B. MyH6nuT, MSc, PhD (JloHpoH, BenvkobputaHus)

B. B. Herpe6eukuii, . . H., npocdeccop (Mockaa, Poccus)

MOAAYA PYKOMUCEW http://vestnikrgmu.ru/login
MEPEMUCKA C PEOAKLMEW editor@vestnikrgmu.ru
COTPYAHUYECTBO manager@vestnikrgmu.ru

AAPEC PEOAKLUMWMU yn. OctposuTsiHoBa, A. 1, . Mocksa, 117997

2KypHan BktouéH B Scopus ¢ 2017 roga

KypHan Bknto4éH B PUHL. IF 2017: 0,304

HAYYHAS SAEKTPOHHAS
BUBANOTEKA

LIBRARY.RU

>KypHan Bkno4éH 8 WoS ¢ 2018 roga

2KypHan BkMto4EH B MNMepeyerb 27.01.2016 (Ne 1760)

BBICIIAS
ATTECTALIMOHHAS
KOMUCCHS (BAK)

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

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

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

. M. CaBenbeBa, akaaemvk PAH, a. M. H., npocbeccop (Mocksa, Poccus)

B. ®. Cemurnasos, 1neH-kopp. PAH, A. M. H., npocbeccop (CankT-MNeTepbypr, Poccus)
T. A. CnaBsiHcKas, Ai. M. H., npodheccop (Mocksa, Poccus)

A. CnannoHe, f. M. H., npoceccop (Pum, Vtanus)

B. . Ctapopy6oB, akagemvk PAH, a. M. H., npodeccop (Mockaa, Poccus)

B. A. CtenaHoB, uneH-kopp. PAH, . 6. H., npocteccop (Tomck, Poccus)

C. B. CyukoB, . M. H., npoceccop (Mocksa, Poccus)

X. M. Taxungwn, 4neH-kopp. PAH, A. M. H., npodeccop (Mocka, Poccus)

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

0. 0. ®aBopoBa, 1. 6. H., Nnpodeccop (Mockaa, Poccuisi)

M. J1. ®dununeHko, K. 6. H., B. H. ¢. (HoBocubumpck, Poccus)

P. H. Xa3unos, a. m. H. (Mapcenb, ®paHums)

H. J1. LLinmaHoBCKuMiA, 1neH-kopp. PAH, . M. H., npodeccop (Mocksa, Poccuisi)
N. H. WuwkuHa, o. 6. H., ¢. H. ¢. (HoBocnbupck, Poccus)

P. N. flky6oBckas, a. 6. H., npodeccop (Mocksa, Poccusi)

WHpexe Xvpwa (h®) xxypHana no oueHke Google Scholar: 3

Google

scholar

311eCh HaxOANTCA OTKPBITBIA aPXVMB XypHaa

GYBERLENINKA

DOl Bbinycka: 10.24075/vrgmu.2018-05

CBWAETENBCTBO O perncTpaumm cpeactsa MaccoBom nHpopmaumm Ne 012769 ot 29 nions 1994 .

Yapeautens v napatens — POCCUICKWA HaUVOHabHBIA MCCneaoBaTenbCKUin MEAULMHCKUIA yHBepcuTeT nmenn H. . Muporosa (Mockea, Poccus)

2KypHan pacnpocTpaHsieTcst no nuueHsun Creative Commons Attribution 4.0 International www.creativecommons.org

O)

MopgnucaHo B nevats 17.12.2018
Tupaxk 100 ak3. OTnevataHo B Tvnorpadwv Print.Formula
www.print-formula.ru



BULLETIN OF RSMU  5,2018
BECTHUK PTMY

Contents
Copep>xaHue

REVIEW 5

Preventive medicine is a cornerstone of health promotion
Polunina NV, Pivovarov YuP, Milushkina OYu

Mpodunaktuyeckas meguumMHa — OCHOBA COXPaHEHNs1 300POBbsi HACENIEHNS
H. B. MonyHwuHa, KO. M. Mueosapos, O. KO. MunylikunHa

ORIGINAL RESEARCH 12

Dorsopathies: routine checkups as a procedure necessary for early diagnostics, risk factors and comorbidities identification

Denisov IN, Zaugolnikova TV, Popova TS, Morozova TE

[opconarun: akTyanbHOCTb NPOMUIaKTUIECKUX OCMOTPOB AJIA PaHHEel! AnarHOCTUKY, BbisiBNeHUs (hakTopoB pucka U KOMOp6UuaHbIX 3a6oneBaHuii
V. H. Oenwncos, T. B. 3ayronsHukosa, T. C. Monosa, T. E. Mopososa

ORIGINAL RESEARCH 18

Evaluation of effectiveness of medical and organizational caries prevention measures designed for working population
Kopetsky IS, Virgilyev PS, Pobozhieva LV, Stupakov IN

OueHka 3¢hheKTUBHOCTN MeANKO-OpraHN3aLMOHHbIX MEPONPUATUIA MO NPOMUNAKTNKE KAPUO3HbIX MOPaKeHUI

y N, TPYAO0CNOCO6HOro Bo3pacta

M. C. Koneukwi, M. C. Buprunbes, 1. B. Moboxbesa, V1. H. Ctynakos

ORIGINAL RESEARCH 23

Hygienic assessment of handicapped adolescents vocational training conditions: problems and optimization opportunities

Eliseeva YuV, Voytovich AA, Milushkina OYu, Istomin AV, Eliseev YuYu

TurneHnyeckas oueHka ycnoBuil NpotheccnoHanbHoro 06y4eHnsi NOAPOCTKOB C OFPaHNYEHHBIMU BO3MOXHOCTSIMU: NPO6GAeMbl 1 NyTU ONTUMU3aLMn
tO. B. Enuceesa, A. A. Bowitosud, O. FO. MunywwikmHa, A. B. VictomuH, HO. FO. Enncees

ORIGINAL RESEARCH 30

Prevention of staff burnout in humanities teachers of higher educational institutions
Polunina NV, Soltamakova LS

MpodunakTuka cMHAPOMa 3MOLMOHANLHOIO BbIropaHusi y npenoaasareneil fyMaHUTapHbIX BbICLUMX y4e6GHbIX 3aBefeHnin
H. B. MonyHwuHa, J1. C. ContamakoBa

ORIGINAL RESEARCH 35

Identification of districts at risk of nutrient-related diseases based on the local diet

Samodurova NYu, Mamchik NP, Istomin AV, Klepikov OV, Sokolenko GG

OnpepeneHne TeppPUTOPUIA pUcKa Mo YPOBHIO anMMeHTapHO-3aBUCUMbIX 3a601eBaHuii C YH4ETOM permoHanbHbIX
0Cco6eHHOCTEl CTPYKTYpPbl NMUTaHWUSA HaceneHus

H. KO. CamopgypoBa, H. M. Mamuvik, A. B. NictomuH, O. B. Knenukos, I. I. CokoneHko

ORIGINAL RESEARCH 40

Hygienic characteristics of the chemical composition of groundwater in Ryazan region
Solovyev DA, Dementiev AA, Kluchnikova NM, Prokhorov NI

MrneHnyeckas xapakTepucTka XMMn4eCcKoro coctaesa Bofbl NoA3EeMHbIX BOJOUCTOYHMKOB PAsaHckol obnactn
. A. ConosbéB, A. A. lemeHTbeB, H. M. KntouHrkosa, H. W. MNpoxopos

ORIGINAL RESEARCH 45

Physiological indicators of schoolchildren of 7-12 years of age peculiar to mental arithmetic sessions combined with attention switching physical exercises
Gorelik VV, Filippova SN, Knysheva TP

Ocob6eHHOCTN (h13MONOrNHECKMX NMOKa3aTesNeil LWKOSIbHUKOB 7—12 NeT Npu 3aHATUAX MEHTaNIbHOI apudMeTUKON, BKAoHaowmx husnydeckme
YNpaXXHEHNs1 C NepPeKsIloHeHNEM BHUMAaHNSA

B. B. lTopenvk, C. H. dununnoea, T. M. KHbilwesa

OPINION 53

Urinary disorders and bladder-bowel dysfunction in children: approaches to diagnosis, treatment and prevention

Moiseev AB, Mironov AA, Kolbe OB, Vartapetova EE, Polunina VVV, Al-Sabunchi AA, Polunin VS, Buslaeva GN

HapyLlueHus moyencnyckaHus n coveTaHHble HapyLleHns (hyHKLMM Ta30BbiX OPraHoB Yy AeTeil: NoaxoAbl K ANarHocTuke, JIeHEeHNo 1 NpounakTuke
A. B. Mowcees, A. A. Muporos, O. B. Konkbe, E. E. Baptanetosa, B. B. MonyHuHa, A. A. Anb-CabyHuu, B. C. MonyHuH, I H. Bycnaesa

BULLETIN OF RSMU |5, 2018 | VESTNIKRGMU.RU e



ORIGINAL RESEARCH

60

Evaluation of absorbed dose distribution in melanoma B16F10 during contrast enhanced radiotherapy with intratumoral administration

of dose-enhancing agent

Lipengolts AA, Vorobyeva ES, Cherepanov AA, Abakumov MA, Abakumova TO, Smirnova AV, Finogenova YUA, Grigorieva EYu, Sheino IN, Kulakov VN

WccnepoBaHne pacnpepeneHns NornoLweHHoR fo3bl Npu hoTOH-3axBaTHO Tepanum ¢ MHTPaTyMopanbHbIM
BBe[leHNEeM [,030MOoBbILaloLero areHta B menaHome B16F10

A. A. Ilunerronbu, E. C. Bopobbesa, A. A. HYepenaHos, M. A. Abakymos, T. O. Abakymosa, A. B. CMupHoBa,

KO. A. ®uHoreHoBa, E. tO. Mpuropbesa, . H. LLeinHo, B. H. Kynakos

ORIGINAL RESEARCH

65

Investigation of the level of DNA double-strand breaks and mechanisms of cell death under irradiation of lung cancer and melanoma cells

with ultra-high dose rate photon radiation

Kulinich TM, Krastelev EG, Bykov YUA, Smirnov VP, Shishkin AM, Ivanov AV, Bozhenko VK

WccnepoBaHne ypoBHSA ABYHUTEBbIX pa3pbiBoB JHK 1 MexaHM3MoB KneTo4Hol ruéenu npu Bo3gencTsmm
Ha KNETKWN paka JIerkoro n MmesiaHoMbl (hOTOHHOIO U3Ny4EHUSI CBEPXBLICOKOW MOLLHOCTU

T. M. KynuHnd, E. T. KpacTenes, tO. A. Bbikos, B. . CmupHoB, A. M. LLvwkuH, A. B. ViBaHoB, B. K. BoxxeHko

ORIGINAL RESEARCH

71

Testing of monoclonal antibodies against the T-cell receptor associated with ankylosing spondylitis

Israelson MA, Stepanov AV, Staroverov DB, Shagina IA, Misorin AK, Schemeleva MA, Evstratieva AV, Merzlyak EM,

Bogdanova EA, Britanova OV, Lukyanov SA

TecTnpoBaH/e MOHOKJIOHaJIbHbIX aHTUTEN K T-KNIETOYHOMY peLienTopy, aCCOLMMPOBaHHOMY C aHKNJIO3MPYHIOLLMM CMOHAVIMTOM
M. A. MapaenbcoH, A. B. CtenaHos, [. B. Ctaposepos, V. A. LLiarvHa, A. K. MucopuH, M. A. LLlemenesa,

A. B. EBcTtpatbeBa, E. M. Mepansk, E. A. Borgarosa, O. B. Bputarosa, C. A. JlykbsiHoB

ORIGINAL RESEARCH

80

Targeted sequencing in patients with clinically diagnosed hereditary lipid metabolism disorder and acute coronary syndrome

Averkova AO, Brazhnik VA, Speshilov Gl, Rogozhina AA, Koroleva OS, Zubova EA, Galyavich AS, Tereshenko SN, Boyeva Ol, Zateyshchikov DA
TapreTHoe cekBeHNpoBaHue Y 60/bHbIX C KIMHUYECKN ANAarHOCTUPOBaHHbIM HACIeACTBEHHbIM HapyLLeHNeM

AMNUAHOro obMeHa n 0CTPbIM KOPOHAPHBIM CUHAPOMOM

A. O. ABepkosa, B. A. BpaxHuk, I. . Cnewmnos, A. A. PoroxuHa, O. C. Koponesa, E. A. 3ybosa, A. C. lanasuy, C. H. TepelleHko,

O. V. boesa, [. A. 3ateiLLmkos

OPINION

87

Bioluminescent imaging: new opportunities

Osipova ZM, Shcheglov AS, Yampolsky IV
BroNIOMUHECLIEHTHBIV UMULKUHT: HOBble BO3MOXHOCTMN
3. M. Ocurosa, A. C. LLlernos, W. B. Amnoneckuia

ORIGINAL RESEARCH

91

Instrumental palpation in endoscopic renal surgery: case reports and analysis
Solodova RF, Tolstykh MP, Isaev TK, Trushkin RN, Vtorenko VI, Staroverov VM, Sokolov ME

NHCTpyMeHTanbHas nanbnauusi B 3HAOCKOMUYECKON XMPYPrum NoYek: onbIT NPUMeHeHNs!
P. ®. Conoposa, M. IN. Tonctbix, T. K. Vcaes, P. H. TpywkuH, B. V. BtopeHko, B. M. Ctaposepos, M. 3. Cokonos

ORIGINAL RESEARCH

98

Synthesis of Au (lll) polyacrylates and study of their tumoricidal activity

Shibaeva AV, Pozdniakova NV, Spiridonov VV, Smirnova MS, Korman DB, Ostrovskaya LA, Abzaeva KA, Belyakova AV, Biryukova YuK,
Zylkova MV, lvanov KP, Shevelev AB, Kuzmin VA

CurHTe3 1 nccnefoBaHne NPOTUBOOMYXOJIEBOI aKTMBHOCTY nonvakpunaros 3osota (111)

A. B. LLInbaesa, H. B. MosgHsakosa, B. B. Crnpunaoros, M. C. CmmnpHosa, . b. Kopman, J1. A. Octposcekas, K. A. Ab3aesa, A. B. Bensakosa,
tO. K. Buptokosa, M. B. 3binbkosa, K. M. ViBaHoB, A. B. LLlesenes B. A. KyabMuH

ORIGINAL RESEARCH

105

Evaluation of the rivaroxaban-influenced effect of ABCB71 and CYP3A5 gene polymorphisms on prothrombin time

in patients after total hip or knee replacement surgery

Sychev DA, Minnigulov RM, Ryzhikova KA, Yudina IYu, Lychagin AV, Morozova TE

OueHka BnusiHuA nonumopdunamoB reHoB ABCB1u CYP3A5 Ha cTeneHb U3MeHeHnsi NpOTPOMGUHOBOIO BpeMeHM Mog,
BNNsIHNEM puBapokcabaHa y naLueHToB Noce 3H[ONPOTE3NPOBaHUS KPYMHbIX CYCTaBOB HUXKHUX KOHEYHOCTEN

. A. Cbides, P. M. MuHHurynos, K. A. Pepkukosa, W. HO. KOauHa, A. B. JeiaruH, T. E. Mopo3sosa

BULLETIN OF RSMU | 5, 2018 | VESTNIKRGMU.RU



REVIEW | PREVENTION

PREVENTIVE MEDICINE IS A CORNERSTONE OF HEALTH PROMOTION
Polunina NV, Pivovarov YuP, Milushkina OYu

Faculty of Pediatrics, Pirogov Russian National Research Medical University, Moscow

Preventive healthcare encompasses a broad range of medical and social interventions aimed at protecting and promoting
public health, averting diseases or reducing the risk of their development. Preventive measures seek to create conducive
working conditions and good resting environment, promote physical exercise, healthy nutrition, personal hygiene and sanitation,
and eventually improve the well-being of the population. This article reviews a number of research works into the impact of
various factors on the health of adults and children. Based on their findings, we propose measures for reducing the effects
of harmful factors and incorporating positive factors in our daily life. The model of preventive healthcare adopted in Russia is
aimed at preventing adult and child morbidity, increasing life expectancy, promoting positive attitude to health, and creating
safe environment.

Keywords: prevention, health factors, adults, children, healthy lifestyle
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NMPOPUJTAKTUHECKASA MEOVLINHA - OCHOBA COXPAHEHUA
3A0POBbsA HACEJIEHNSA

H. B. MonyHuHa, FO. M. Musosapos, O. K. MunyukuHa ™

[MNegvaTtpuyecknin akynsteT, POCCUINCKMIA HaLMOHabHBIM MCCNEA0BAaTENBCKNIA YHUBEPCUTET MMerHn H. V1. Muporosa, Mockea

[podhmnakTndeckas MegmumHa — STO KOMIMIEKC MEOMKO-COLMasTbHbIX MEPOMPUATUAN, HaMpPaBieHHbIX Ha OXpaHy 1 YKperieHue
3[0POBbst HACENEHNS, MPEdyNPEeXXAEHE BO3HUKHOBEHNS 3a601EeBaHIIN, yCTPaHeHe (hakTOPOB prCKa X BO3HKHOBEHMS. OHa
BK/MIOHAET KaK MeJNUMHCKNE MeporpnaTnd, Tak 1 co3gaHne 6J'IaI'OI'IpI/I9lTHbIX yCJ'IOBI/II7I Tpyoa u 6bITa, oTAbiXa 1 (DI/ISI/I‘—IGCKOI’O
BOCNTaHUA, OpraHn3auuio 3000P0BOr0 1 NMOJIHOLEHHOIO NUTaHUA pa3nnyHbIX rpynn, 030000BMeHe Opr)KarOLLLeVI cpenbl,
MOBbILLEHWE 6/1TaroCOCTOSAHNA U ynydilieHune yCJ'IOBI/II7I >KN3HU HaceneHws. B ctatbe npencTasrieH O630p Hay4HbIX I/ICCJ'Ie,EI,OBaHI/II7I
Mo OLIeHKe BO3AEMCTBS Ha 300P0BbE HACENEHNS, B TOM Y1CE AETCKOrO, PasnnyHbiX (hakTOPOB BHELLIHEW Cpefbl, MPeasIOKeHbI
KOHKPETHBbIE MEPOMPUSATUA MO NPOMUIAKTUKE, OMMPAIOLLIMECA Ha 3TN UCCNEeOOBaHUS, U Mepbl, KOTOpble paspabaTbiBatoTCs
Mo HMBENIMPOBAHNIO HEeraTyBHbIX 0714 30000BbA CbaKTOpOB N aKTMBHOMY BHEOPEHWIO B MOBCEOHEBHYHO »XM3Hb MO3UTVBHbLIX
dhakTopoB. [MpodunakTnieckass Mofesb COBPEMEHHOMO 34paBOOXPaHeHWst Poccuy HampasfieHa Ha NpepynpeXxkaeHne
pasBUTVIA 3ab0NEBaHNIA IETCKOMO 1 B3POCIONrO HACENEHUS], YBENMYEHNE MPOAOIKUTENBHOCTU XK3HM MpaxkaaH, (hopMUpoBaHmne
YCTaHOBOK K 300POBOMY 06pasy >XM13H1 1 co3aanHvie 6e30MmacHbIX YCIOBUA OKPY»KaroLLEN cpedp!.

KntoueBble cnoBa: npohunnaktika, hopMypyroLLIe 300P0BbE PaKTOPbI, B3POCOE HACENEHME, AETCKOE HaCeNeHVe, 300P0BbI
06pas Xn3Hn

><] Ans koppecnoHaeHumn: Onbra KOpbesHa MunyLukmnHa
yn. OctpoBuTaHOBa, 4. 1, . Mockea, 117997; olmilushkina@mail.ru

Cratbsi nonyyeHa: 04.09.2018 CtaTbs npuHATa K neyvatun: 05.10.2018

DOI: 10.24075/vrgmu.2018.058

Importance of joint socio-economic and clinical measures
in preventive healthcare

One of the central challenges that our country has to address
is protection and promotion of public health [1, 2]. In Russia,
there has always been a focus on finding effective solutions
to the problem of public health improvement. Among the
principles underpinning the public healthcare system in Russia
are prevention and social work aimed at maintaining the health
of its young and old citizens [3].

Social and preventive healthcare encompasses a broad
range of social, economic and clinical interventions aimed
at protecting and maintaining public health. Prevention goes
beyond clinical interventions, vaccination, good hygiene routine,
adoption of sanitary acts, etc. It has many different aspects that
should be promoted by the state, changing the mindset of the
public in favor of healthy lifestyle.
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Srategies for prevention should include social, economic,
clinical, and organizational interventions. Prevention targets all
aspects of social life, including working and living conditions,
leisure, physical education, nutrition, environmental factors,
and eventually the well-being of the population, contributing to
the harmonious development of physical and mental capacities
of an individual. Prevention transcends the boundaries of
medicine and healthcare systems and becomes a social
strategy of the state.

Among measures for diseases prevention are psychological,
biological, social and economic interventions that reduce
the risk of giving in to unhealthy choices, protect against
occupational hazards and improve living conditions.

Classification of measures for disease prevention into socio-
economic, psycho-social, socio-hygienic and medical is quite
arbitrary. Much more important is the result of their application:
good public health statistics that can be achieved by joining the
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efforts of the state and society and implementing all aspects of
the preventive healthcare strategy.

The history of preventive medicine

The concept of preventive healthcare emerged when society
started to realize the significance of averting diseases and their
complications. As knowledge was gradually accumulated,
people established requirements for the quality of potable
water, food, indoor air in residential and commercial buildings,
artificial and natural lighting, elaborated radiation safety
guidelines, standards of personal hygiene, recommendations
for sleep-wake routine, controlled cold exposure, nutrition,
physical exercise, etc. [4, 5]. Research has demonstrated a
mutual impact between the environment and humans, as well
as the role of social factors in maintaining public health and
preventing diseases, which helped to identify the main areas of
focus for preventive healthcare practiced in communities [6-8].

In March 1919 preventive healthcare defined as “a
broad scope of recreational and sanitary measures aimed
at preventing the risk of diseases” was declared a central
challenge of Russian healthcare system. It still remains one
of its major areas of focus. According to official documents,
this strategy implemented as a complex of socio-economic
and medical interventions is aimed at preventing and eradicating
diseases, including infections, and increasing life expectancy [1].

Considering the deteriorating ecology, negative demographic
trends and high incidence of non-infectious diseases among
different subpopulations, development of measures for protecting
and promoting public health remains a top-priority task.

In this light, prevention becomes a fundamental principle
underlying the social policy of the state underpinning strategies
for protecting and promoting public health.

Prevention (or prophylaxis, from Greek prophylaktikos) is a range
of activities exercised by state agencies and healthcare providers
aimed at identifying causes of diseases or injuries and neutralizing
or eliminating their negative impact on humans. Prevention can
be classified into personal and public; primary, which fights the
actual cause of a disease, and secondary, which promotes factors
reducing the risk of complications of an inflicted injury or disease.

The role of hygiene and social factors in public health

Preventive interventions can be implemented only after the
role of different factors in promoting public health has been
established. Factors that negatively affect public health should
be neutralized and positive factors should be incorporated
into everyday life. To this end, studies of social hygiene are
conducted both abroad and here, in Russia, at the Faculty of
Hygiene, Public Health and Healthcare Economics of Pirogov
Russian National Research Medical University, and their findings
are successfully implemented. Research into public health and
the factors that affect it should be continuous and account for
the constantly changing environment.

Based on the published literature, factors affecting public
health can be distributed into four groups:

1) socio-economic situation and lifestyle;

2) environment;

3) biological factors;

4) activity of healthcare providers.

Lifestyle

Lifestyle has the most serious impact on human health, its
contribution being as high as 50% in comparison with other

factors. The contribution of environmental pollution is 20-25%;
biological factors, 15-20%, and 10-15% are the result of
activities exerted by healthcare agencies and providers. These
figures are consistent with the data reported by other authors [9].

The factors mentioned above can have both negative and
positive impact on health increasing or reducing the risk of
developing a disease.

Protection and promotion of health are important not only
for individuals with compromised health [10, 11], but for the
healthy ones as well [12-17] because projects seeking to
improve the health of different subpopulations contribute to
economic growth, ensure social stability and safety.

There are over 40 definitions of “lifestyle”, including those
describing healthy and unhealthy behaviors. Most often,
lifestyle is a cumulative concept that encompasses hygiene-
related, social, economic, clinical and psychological aspects.
There is another brief but very accurate definition of lifestyle as
a public phenomenon closely related to the mode of production
characterizing “a definite form of activity of ... individuals, a
definite form of expressing their life, a definite mode of life on
their part” [18].

In other words, lifestyle is a historically shaped activity
exerted by an individual, a group of people, or a population
in general in material and immaterial spheres of life. Lifestyle
is studied by psychologists, psychiatrists, philosophers,
legislators, sociologists, and doctors who look at human
motivation and behavior from different perspectives noticing its
direct impact on health.

Research studies yielded sufficient data to gauge the impact
of social factors on the life of individuals and groups of people.
A correlation has been established between social hygiene and
human health. It was noticed that in the identical social settings
the health of individuals and the activity they exert can vary,
so the studies that followed focused on different aspects of
lifestyle and their role in public health. Two types of activities
(occupational and leisure) have been identified that can be
further classified into professional, social, political, cognitive,
cultural, educational, communal, and others. There are a lot
of specific criteria that help to differentiate these activity types
from one another, but at the same time the latter are closely
related and complement each other, allowing us to perform a
comprehensive analysis of lifestyle and identify its impact on
the health of a studied cohort.

Work

Work is an essential part of our lives which affects both our
lifestyle and health. Among the most important work-related
factors that affect human health are the length of service, an
atmosphere at workplace, and occupational hazards [12, 19-21].

There is a reliable direct correlation between the length of
service and an employee’s health (r = + 0.639; m = + 0.08); the
length of service also correlates with the age of an employee
(r=+ 0.714; m = + 0.09) and an atmosphere at workplace
(r=+ 0.513; m = £ 0.07). In older employees, the presence
of chronic conditions correlates with their age (r = + 0.924;
m = + 0.03; p < 0.01) and an atmosphere at workplace
(r=+0.708; m =+ 0.04; p < 0.01).

Because an employee’s health deteriorates with age and
depends on the length of service, factors affecting occupational
health should be thoroughly studied. The employees who work
in a positive, friendly atmosphere are not susceptible to the
negative impact of service length [17, 22, 23].

Exposure to occupational hazards also affect employees’
health. On average, 25-35% of women and 57-63% of men
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work in hazardous industries and are exposed to dangerous
chemicals, extreme temperatures or radiation, have to spend
a lot of time in constrained postures, etc. Long-term exposure
to poor working conditions and occupational hazards is
particularly dangerous for human health.

Intensive daily computer work lasting for over 6 hours
can compromise an employee’s health, too [22, 24]. Today,
computers, mobile phones and other gadgets are ubiquitous,
while their harmful effect on the organism is yet to be
understood. Exposure to a combination of several occupational
risk factors aggravates the situation. Of 100 respondents, 37 to
42 report exposure to 2 to 3 hazards in their workplace; men
are exposed to a combination of occupational hazards more
often than women.

Another serious problem faced by the society is gadget
addiction. On a typical school day, schoolchildren spend
7 hours using electronic gadgets; male university students,
8.5 hours a day; and female university students, 10 hours a day.
The time children and teenagers spend using their gadgets
taking no breaks is 1.5 to 2 hours. Gadgets are often used
outside the classroom, especially in public transport, school
halls, recreational facilities, and other popular spots where wi-
fi is available. As a result, both schoolchildren and university
students complain of headache, eye strain, and blurred vision,
i.e. asthenopia. University students tend to complain more of
pain in the eyes and blurred vision (p < 0.05). Ocular fatigue
depends on the frequency of computer (Pearson’s contingency
coefficient is 0.7; p < 0.001), laptop (Pearson’s contingency
coefficient is 0.7; p < 0.001) or tablet use (Pearson’s contingency
coefficient is 0.6; p < 0.001) [25].

Leisure

Time spent off work is an important part of our lives. It is time
for family reunions, housework, rest, and other leisure activities.

The analysis of housing conditions, including the type of a
flat or apartment, the number of people who live in it, its internal
layout, density of occupation, availability of store rooms, public
amenities and overall comfort shows that satisfaction with living
conditions is an important component of a person’s mental and
emotional state. Among the respondents living in objectively
poor conditions 21.3% are quite satisfied with their housing,
while among those living in objectively good conditions 27.1%
feel dissatisfied [13, 26-31]. The degree of satisfaction is the
major factor that affects health since it is a component of a
person’s mental and emotional state (r = + 0.416; m = + 0.06;
p < 0,01).

Studies demonstrate that only 18-23% of the respondents
are satisfied with their income, whereas 26-32% are not happy
with it. On the whole, 52-56% of working age respondents
confess they live paycheck-to-paycheck. However, 70-74%
of the surveyed families have a car, 68-72% have a country
house, and 38-42% spend their vacations outside the area of
residence. This means than more than half of the working-age
population can be described as middle-income.

The mental and emotional state has a serious impact on
our lifestyle and health and is a product of relationships within
a family, family conflicts, traditions and rituals. It shows to
what extent a person is satisfied with an atmosphere in their
family. Financial status and living conditions also contribute
to our emotional state. The majority of the surveyed families
describe their mental and emotional state as good (28-32%)
and satisfactory (49-53%). Families whose members complain
of emotional distress report frequent arguments caused by
poor living conditions, low income, disagreement on how to
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raise children or grandchildren, alcohol abuse, and bad habits.
Among younger respondents aged 30 to 40 years, 21-23%
admit having problems they find hard to solve; however, only
18-19% of older respondents aged 40-50 years and 16-17%
of people aged 50 to 60 years believe their problems are
really difficult. There is a direct correlation between a person’s
health and his/her mental and emotional state (- = + 0.328;
m =+ 0.05; p < 0.01).

Regression analysis has revealed associations between
medical, biological and social factors and the health of
children and teenagers. The following standardized regression
coefficients were computed: use of medications during
pregnancy (0.36), number of births a woman had (-0.27), family
composition (0.27), paternal education (0.25), conflicts in the
family (0.24) [32].

Because the mental and emotional state has a profound
impact on health, studies have been conducted to identify
and analyze the factors that produce a positive effect. The
results show that the majority of respondents list a stable job
(80-84%), stable income (78-80%), good living conditions
(70-74%), a good atmosphere in a family (64-68%), lack of
conflicts in a family (52-56%), and satisfaction with leisure time
activities (44-48%) among the factors they find uplifting. There
are significant differences between men and women in terms
of ranking the importance of the mentioned factors. Men think
that a stable job and good relationships in a family are more
important, while women rank stable income and good living
conditions higher. Older respondents value good health more,
as well as good relationship in a family, and believe the absence
of conflicts is important. In general, the respondents give 2-3
reasons that promote positive atmosphere in a family.

Health awareness

The willingness of a person to use medical services and follow
medical advice has a direct impact on health. Therefore,
prevention should focus on the promotion of healthy habits and
stimulation of positive attitude towards medicine in general.
Taking care of your health implies regular medical checkups,
adherence to medical regimens and recommendations,
getting rid of bad habits, improving health literacy, etc. Health
awareness is shaped by an attitude to nutrition, sports and
physical exercise, alcohol, smoking, keeping fit, consultations
with a doctor when feeling ill, undergoing regular medical
checkups, hygiene, daily routine, and other things [31, 33-37].

These aspects of health awareness depend on a person’s
cultural background, education, outlook on life, living conditions,
well-being, the state of public healthcare in a given country, etc.
Among the factors that directly affect our health the leading role
is played by health literacy, which is about being interested in
obtaining information about health, risk factors that affect it,
and disease prevention strategies.

Health literacy can be improved by reading specialized
literature, watching or listening to TV or radio programs about
health, risk factors or prevention strategies, or attending lectures
delivered by healthcare professionals [20, 27, 28, 38-40].

Studies show that only 27-38 of 100 people are willing to
seek such information. Among patients with chronic conditions
this number is higher (65-70 individuals out of 100). Increased
interest in medical knowledge is usually the result of a person’s
health status. Patients with chronic conditions read medical
literature twice more often in comparison with individuals who
do not have a chronic disease.

Of every 100 respondents who like to educate themselves
about health-related issues, 68.1 people read popular science
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literature, 9.4 people read specialized medical literature, 41.6
watch TV programs about health, 15.2 people listen to similar
programs on the radio, 11.2 people ask their doctors, and 1.6
people attend specialized lectures. These data indicate the need
for educational projects stimulating interest in popular science
literature and TV or radio programs aimed at maintaining public
health.

Health literacy largely determines a person’s attitude to
medical services, including the necessity to undergo regular
medical checkups, willingness to follow medical advice, etc.
Research demonstrates that the primary reason why patients
present to a doctor is the symptoms of a disease; however,
only 24-32% of patients seek medical advice on the first day
the disease starts to manifest itself. Every second responder
goes to a doctor when they need a sick leave or other
medical certificates. Importantly, 24-30% of the working-age
population undergo health checkups on their own initiative,
but only 10-12% think it necessary to ask their doctor about
disease prevention strategies. It has been established that only
64-68% of patients with chronic conditions visit their doctors
regularly.

It is well known that a good night’s sleep restores energy
to the body and brain. However, research shows that only
10-18% of adults are not sleep-deprived. A lot of respondents
(84-42%) report sleeping less than 6 hours a night. Another
important characteristic of sleep is its quality. It has been
established that 42-58% of the population are satisfied
with their sleep quality and duration; there are 1.4-1.8 times
more women who are satisfied with their sleep than men.
Women also tend to take sleeping pills 2.0-2.5 times more
often than men.

Lack of sleep in teenagers is becoming a serious concern.
Most of them go to bed at 22:00-23:00 (45.9%), some go at
23:00-24:00 (35.6%) and at 00:00-01:00 (11.5%). The majority
of university students go to sleep at 23:00-24:00 (60.7%),
some go at 00:00-01:00 (34.1%). This means that nighttime
sleep is reduced to 431.0 + 70.1 min in schoolchildren (7 h on
average) and 402.7 + 89.5 min (6.5 h on average) in university
students [41, 42]

A lifestyle a person leads, including diet and physical
exercise, affects his/her weight. Both weight excess and
deficiency can trigger diseases. About half of the respondents
(42-48) watch their weight; women do it more 1.5-2.0
times more often than men. Patients suffering from chronic
conditions start to control their weight if their health deteriorates
(20-32%). Healthy individuals are more driven by the desire
to have a slender figure (22-32%), which is more typical for
younger people than for their older counterparts. Only 25-37%
of overweight individuals try different methods of weight
control, which indicates a generally low level of health literacy
in the population. The survey shows that there are 1.5 more
individuals (p < 0.05) watching their weight among those who
follow medical advice.

Measures for weight control typically include new dietary
regimens and physical activity. A study shows that 52-58%
of adult population have bad eating habits, of them 34-38%
eat irregular meals, 26-34% eat twice a day and 23-38%
consume too much bread, salt, smoked foods, sweets, etc.
The comparative analysis demonstrates that there are 1.9-2.4
times more individuals following an unhealthy diet among
patients with chronic conditions (p < 0.05) than among healthy
respondents.

Lack of movement not only leads to overweight, but also
causes pelvic congestion, which in turn affects reproductive
health and health in general (r = — 0.418; m = + 0.0022;

p < 0.0001). Studies have revealed that the majority
of the population (74-82%) live a sedentary lifestyle; of
them there are 1.5-2.0 times more women than men
(o < 0.05).

Smoking is another aspect of lifestyle that seriously affect
human health. Smokers constitute 28 to 43% of the population.
More than half of them (54-62%) have been smoking for 5-10
years and smoke up to 20 cigarettes a day on average. Passive
smokers make up 12 to 37% of the population. On the whole,
the majority of the population (both active and passive smokers)
can be described as a group at risk of diseases caused by
smoking. This is also true for the younger generation. Surveys
show that among 15-year old teenagers 12.7% of girls and
15.1% of boys smoke regularly; 54.6% of girls and 48.1% of
boys have already had their first cigarette. Boys typically start
smoking at 14, girls at 13; the earliest age disclosed in the
survey was 6 and 8 years for boys and girls, respectively.
Alcohol is consumed once a month or less often by 32.0%
teenage boys and 29.1% girls; 64.1% of boys and 58.1% of
girls do not drink alcoholic beverages. The lifestyle of boys and
girls does not differ significantly, and both sexes are susceptible
to bad habits and unhealthy behavioral patterns. There are
significant correlations between a handgrip and smoking
(r=-0.74; p < 0.05), the age when the first cigarette was
tried (r = - 0.33; p < 0.05), time spent in front of the computer
(r=-0,39; p < 0.05), and engagement in sports (r = 0.34;
p < 0.05) [43].

The analysis of research works carried out at the
Department of Public Health and Healthcare of Pirogov
Russian National Research Medical University provided us with
valuable data that was subsequently used to comprehensively
assess the health awareness of the population. Based on
the scored points, the respondents were distributed into
3 groups. The majority of the working-age participants
(63-57%) constituted the group with average scores; one
in every five or four participants (22-26%) represented the
group of increased health risk; one in every five respondents
(18-22%) had good scores for at least 70% of the studied
parameters.

Considering the importance of health awareness,
prevention strategies should pay more attention to encouraging
the population to seek medical information related to their
health. A lot depends on the willingness of patients to maintain
good health and on their convictions. Therefore, projects of
medical rehabilitation should include measures that can directly
affect personal lifestyle and patients should be encouraged to
develop a positive attitude to medical care.

Personal commitment to a healthy lifestyle, the active
contribution of the state to promoting health among its citizens,
and adequate resource provision are equally important [33].
Improving health literacy is a cornerstone in stimulating
patients to change their lifestyle. It will help to eradicate bad
habits and turn the patient to healthy practices. Instilling
willingness to lead a healthy lifestyle should become the
underlying principle of disease prevention, health protection
and promotion [44-46].

The works we have analyzed reveal a significant increase
in health awareness and literacy in the Russian population
(r=-0.523; m = + 0.0024; p < 0.0001).

CONCLUSION
Promoting hygiene and sanitation is an essential component

of preventive healthcare projects that should be implemented
by healthcare professionals. It includes bedside conversations

BECTHVIK PrMY | 5, 2018 | VESTNIKRGMU.RU



REVIEW | PREVENTION

with inpatients or conversations during home visits, lectures
on health-related issues, TV or radio programs, advertisement,
and educational films. Our healthcare system has sufficient
resources to address the problems of disease prevention and
health protection [47-50].
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DORSOPATHIES: ROUTINE CHECKUPS AS A PROCEDURE
NECESSARY FOR EARLY DIAGNOSTICS, RISK FACTORS
AND COMORBIDITIES IDENTIFICATION

Denisov IN', Zaugolnikova TV', Popova TS'?® Morozova TE!
" Department of General practice,

Sechenov First Moscow State Medical University (Sechenov University), Moscow
2 First Doctor clinic, Moscow

Early detection of dorsopathies is an urgent task for primary care physicians, since such conditions can combine with other
chronic noncommunicable diseases (NCD) and adversely affect the course all comorbidities, consequently disimproving the
quality of life of patients and increasing the frequency of their requests for medical assistance. This study aimed to determine
the value of routine checkups in the context of detection of dorsopathies, NCD, and identification of risk factors (RF). We have
retrospectively analyzed the patient records database of a rural outpatient clinic in the Tver region (years 2015 to 2017). The
prevalence of dorsopathies and NCD RF were the subjects investigated. Fisher's exact test and Spearman's rank correlation
coefficient (SRCC) were applied for the purposes of statistical processing of the results. We discovered that dorsopathy most
often was a comorbidity to arterial hypertension and gastrointestinal tract diseases; it was strongly related to the NCD (SRCC =
0.506), age (SRCC = 0.383), slightly less so — to hypodynamia (SRCC = 0.146), type of the patient's occupation (intellectual or
physical labor) (SRCC = 0.07). Routine checkups improve the rate of detection of dorsopathy: the more patients undergo such
examinations, the more cases of dorsopathy are diagnosed. Thus, it is necessary to increase the number of working people
attending the checkups in order to detect dorsopathies early and prevent them effectively.

Keywords: preventive medical examination, dorsopathy, risk factors, comorbidity, village resident.
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OOPCONATUN: AKTYAJIbHOCTb NMPO®UNTAKTUHECKNX OCMOTPOB
ansa PAHHEW OUATHOCTUKMW, BbISABJIEHNA ®AKTOPOB PUCKA
N KOMOPBUAOHbIX SABOJIEBAHUI

V. H. Jenncos', T. B. 3ayronbHukosa', T. C. MNonosa'2? = T. E. Mopososa'
"Kadhenpa obLueln BpadebHOM NpaxTuku,

[MNepBbIn MOCKOBCKMIA FOCYapCTBEHHbI MEAULIMHCKMIA YHMBEPCUTET MeHn . M. CeveHoBa (CeveHOBCKMIA yHMBEpCHTET), Mocksa
2000 KnuHuika «[Mepsbilt fokTop», Mocksa

JlevebHo-NpodmnakT4ecKme MeponpUaTUIa Mo PaHHEN OMarHOCTVKE AOPCOonaTui SBASKOTCA akTyalbHOW 3adadeit Bpaden
NepBNYHOMO 3BEHa 34paBOOXpaHeHVs. 3TO 0OYCNOBAEHO TeM, YTO COYeTaHne AopconaTui C APYrUMUA XPOHUHECKMMU
HenHMEKLIMOHHbIMK 3aboneaHnsamMm (XHII3) dhopmmpyeT KOMOPOUAHOCTL, KOTopast HeBNaroNPUATHO BAMSIET Ha UX TEHEHME 1
1CXoMbl, yBENMHMBAET 06PaLLIaeMOCTb HACENEHNS 32 MeAVLMHCKOM MOMOLLBIO, YXYALLAET Ka4eCTBO XKM3HM NaumeHToB. Liensto
paboTbl 6bI10 ONpPefenUTb 3HaYeHVe NPOUNIAKTNHECKMX OCMOTPOB B AMarHOCTMKE [OPCOnaTui, comyTcTaytowmx XHNS,
1 BbIsBNEHUN (hakTopoB purcka (PP). MNpoBeaeH peTpPOCneKTUBHbI aHanmad H6asbl AaHHbIX aMOynaTopHbIX KapT nauneHToB
cenbckon ambynatopum Teepckor obnacTu 3a 2015-2017 T ViccnenoBanm pacnpocTpaHeHHOCTb Aopconati u GP XHKS. Mpw
CTaTUCTUYECKON 0BpaboTKe MPUMEHAN TOYHbI KpuTepui duiuepa 1 KoahOUUMEHT paHroBor koppensumm CnipmeHa
(KPKC). Bbino nmokasaHo, 4TO AopconaTus Yalle BCEero codetanacb C apTepuanbHOM runepTeH3vent 1 3aboneBaHnsMmn
YKENYAOHHO-KNLLIEYHOMO TpaKTa, WMEET CUMbHYIO KOPPENSLUMOHHYIO CBSA3b ¢ conyTcTBytowmmmn XHNS (KPKC = 0,506);
Bo3pacToM (KPKC = 0,383); 6onee cnabyto ¢ runognHammen (KPKC = 0,146) 1 cnabyto ¢ BUAOM AESTENbHOCTU nauveHTa
(MHTEennekTyanbHbIM 1 udnydeckum TpyaoMm) (KPKC = 0,07). MNpodunnaktnieckme OCMOTPbI YydllaroT AnMarHOCTUKY
Jopconatiy — YMCNO BbIABASEMbIX ClydaeB 3ab0neBaHNs PacTeT C yBeNMYEeHNEM KOnmM4ecTBa OOCnedyemMbiX B pamMkax
NPOUNAKTNHECKMX OCMOTPOB MaumMeHTOB. Takim 0Bpa3om, Heo6XoAMMO LWMPE NPOBOANTL MPOGUNIAKTUHECKE OCMOTPbI
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World Health Organization (WHO) announced prevention and
treatment of noncommunicable chronic diseases (NCD) a
priority project of the second decade of the 21st century, one
aimed at improving the quality of life of the world's population
[1]. There are two directions to the project: 1) healthy lifestyle
education and promotion and 2) early detection of NCDs,
learning the relevant risk factors (RF) and their timely correction.
[t is the healthcare systems of the countries that ensure
progress in the second direction, with primary care physicians
— district doctors, general practitioners (family doctors) —
playing a special role: 30-40% of their working time should be
dedicated to activities aimed at prevention [2].

Diseases of the musculoskeletal system and connective
tissue (DMSCT) are common; there are over 150 different
conditions and syndromes belonging to the group, most
of which usually cause pain and musculoskeletal system
dysfunction. In the developed countries, the average age
of people living in densely populated areas increases, which
makes DMSCTs a frequently registered trigger of disability.
In 2000, WHO launched The Bone and Joint Decade 2000-
2010, the goal of which was to increase the awareness of the
existing problem throughout the world. Some of the initiatives
undertaken within the decade implied studying medical,
social and economic load born by the society in connection
with the musculoskeletal system disorders, comprehensive
understanding of RF affecting development and progression
of musculoskeletal pathologies, as well as comorbidities [3].
According to the data published in 2016, every third European
citizen complaining of pain in muscles, bones and joints, has
limited ability to move the limbs, with the share of people
affected ranging from 18% in Ireland to 46% in Croatia [4].
Lower back pain is the most common complaint (11% of all
patients). People 55 years of age and older suffer pain twice as
often. Women have the condition more often than men: 37%
and 27%, respectively [4].

Demographic changes (population ageing) and lifestyle-
related RFs of NCDs allow forecasting the further spread
of the pathologies belonging to this group. DMSCT are
often accompanied by the cardiovascular diseases. Such
comorbidities are always a complicated case, which is one
of the reasons of the increased mortality rate among patients
suffering them [5, 6].

This study aimed to determine the value of routine checkups
in the context of early detection of dorsopathies, NCDs and
their risk factors (RF).

METHODS

The subject of this research were reports made at Mokshino
rural outpatient clinic and covering two districts (general
practitioners) of Konakovo district of the Tver region. Namely,
we studied the main indicators for 2011-2016: annual reports
(forms 30, 12), “Outpatient medical history records” (UF
#025/u); "Routine checkup control records" (UF #030/u);
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“Additional checkup registration records (working citizen)”
(UF #131/u-DD-10) and other record forms related to preventive
and additional medical examinations of working population. We
have retrospectively analyzed the 2015-2017 patient records
database. 1203 records containing a dorsopathy diagnosis
were selected for the purposes of analysis of age-related
specifics of comorbidities' development. Inclusion criteria:
men and women aged 18 years and older, diagnosed with
dorsopathy, signed the informed consent.

Exclusion criteria: age below 18, no dorsopathy in the
anamnesis. Time of first complaints, dorsopathy diagnosis
date, presence of RF and comorbidities peculiar to these
patients were analyzed.

The study protocol #10-16 of 11/09/2016 was approved by
the local ethics committee of Sechenov University. Dividing the
patients into groups and categories, we used the classification
developed by WHO: young (18-44 years), middle-aged (44-60
years), senior (60-75 years), old-aged (75-90 years), long-livers
(90+ years).

Diagnostic criteria recommended by Appendix #2 to the
Order #1006n of 03.12.2012 issued by the Ministry of Health
of Russia were referred to when determining the RF and
pathological conditions and diseases.

Statistical processing

Planning the study, we determined the size of the sample to
be taken from the Mokshino outpatient clinic's database with
the help of the Sample Size modules of COMPARE 2 3.85
and DESCRIBE 3.18 programs of WInPEPI® 11.65 software
package (author and copyright holder — J. H. Abramson).
Fisher's exact test was applied in the context of statistical
processing of the results. Investigating the relations between
dorsopathy, RF, other NCDs, we used SRCC. The statistical
significance threshold was set at 5%.

RESULTS

The number of patients diagnosed with dorsopathies grows
proportionally to the number of those undergoing routine
checkups, even with the number of visits to the outpatient clinic
and the number of patients registered at the clinic decreasing
(by 2.6% (159 people) and 1.6% (35 people), respectively) (see
Table, Fig. 1 and 2).

Figure 3 shows the presence of NCDs RFs in lives of 1203
rural residents (540 men and 663 women). The most common
RFs for men were smoking (73%) and hypercholesterolemia
(17.3%). The predominant RF for women was excess body
weight (39.8%).

Arterial hypertension (AH) was the most widely-spread
condition: 516 patients (42.9% of all examined, 42,892.76 cases
per 100,000 people) suffered from it, including 207 men (38.3%
of all men examined) and 309 women (46.6% of all women
examined). The gender differences are statistically significant

Table. Routine checkups and detected cases of dorsopathy in numerical terms, adults, Mokshino outpatient clinic, 2011-2016

Reporting period, year
Indicators

2011 2012 2013 2014 2015 2016
Number of people registered 2237 2216 2217 2206 2217 2202
Number of visits to the clinic 6122 6640 5587 5963 6784 5963
Number of routine checkups 1033 1128 1033 1493 1776 1493
Diagnosed dorsopathies (# of people) 257 253 281 299 327 347
Number of dorsopathy 'patlents in follow-up care 257 263 280 299 304 345
at the end of the reporting year
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(o = 0.004). From the point of view of prevalence, dorsopathy
was next to arterial hypertension: it was detected in 347 patients
(28.8% of all examined ), which translates into 28,844.56 cases
per 100,000 people; they were 147 men (27.2% of all men
examined) and 200 women (30.2% of all women examined).
Here, gender differences were not statistically significant
(o = 0.004). Gastrointestinal tract diseases (except for gastric
ulcer and duodenal ulcer) followed dorsopathies: such were
detected in 141 patients (11.7% of all examined, 11,720.69
cases per 100,000 people), including 44 men (8.1% of all men
examined) and 97 women (14.6% of all women examined). The
gender differences are statistically significant (o = 0.004; Fig. 4).
In 2016, dorsopathy was diagnosed in 82 young people
(18-44 years old), which is 23.9% of all dorsopathy patients;
in the middle-aged group (44—-60 years), there were 127 cases
(36.6%), and in the senior (60-75 years) and further groups
dorsopathy diagnosis was announced to 137 (39.5%) persons.

In different years from 2011 to 2016, 99.1 to 100% of
dorsopathy patients were observed by the Mokshino outpatient
clinic's general practitioner (see Table).

In 31.7% of patients, dorsopathy was the only disease; in
28.5%, it combined with one other disorder, in 40% dorsopathy
had two comorbidities (percentages of the total number of
dorsopathy patients).

Two most frequent comorbidities were arterial hypertension
(191 cases, 55.0% of all dorsopathy patients) and
gastrointestinal tract diseases except for gastric ulcer and
duodenal ulcer (67 cases, 19.3% of all dorsopathy patients).
Less common diseases diagnosed together with dorsopathy
were coronary heart disease (33 cases, 9.5% of all dorsopathy

800

patients), obesity (27 cases, 7.8% of all dorsopathy patients),
diabetes mellitus (20 cases, 5.8% of all dorsopathy patients),
gastric ulcer and duodenal ulcer (17 cases, 4.9% of all
dorsopathy patients), chronic diseases of the respiratory system
(15 cases, 4.3% of all dorsopathy patients). Women suffer the
aforementioned comorbidities (except for the coronary heart
disease) more often than men. Significantly more women had
diabetes mellitus and obesity as comorbidities of dorsopathy
than men: 8.0% against 2.7% with diabetes, 12.5% against
1.4% with obesity, respectively. Coronary heart disease was
detected in patients with dorsopathy in equal proportions
gender-wise (9.5%).

SRCC values for dorsopathy and NCDs' RF peculiar to the
population group of rural residents studied are shown on Fig. 2
(2016). NCDs and age (SRCC values of 0.506 and 0.383,
respectively) correlate with dorsopathy more often than any
other factor. Hypodynamia's correlation is weaker (SRCC =
0.146), that of the type of the patient's occupation (intellectual
or physical labor) — even less so (SRCC = 0.07). As for the
inverse correlation ties, the strongest was with simple absence
of any comorbidity (SRCC = -0.406), a weaker one — with
alcohol abuse (SRCC = -0.006). In the studied sample of
dorsopathy patients (347 people), gender differences were not
statistically significant (o = 0.004).

DISCUSSION
In 2016, DMSCTs (as described by ICD 10: MO00-M99,

dorsopathy included) incidence in Russia was 2,953.2 cases
per 100,000 people nationwide and 9,402.5 cases per 100,000
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Fig. 1. Growth of the number of dorsopathy patients concurrent with the growth of people undergoing routine checkups, 2011-2016
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Fig. 2. Dot diagram reflecting distribution of the number of dorsopathy patients and number of visits to the Mokshino outpatient clinic (adults, 2011-2016)
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rural residents. In the Central Federal District, the figure was
8,707.4 cases per 100,000 rural residents. In the Tver region in
2016 — 11,179.5 cases per 100,000 rural residents [7]. Thus,
dorsopathy incidence as registered by the Mokshino outpatient
clinic in 2016, which is 28,844.56 cases per 100,000 people,
is 3.1 times higher than the statistically average incidence of
DMSCTs detected in residents of the rural areas of Russia; as
for the Central Federal District's rural population, the Mokshino
figure is 3.3 times greater. The number of rural residents beyond
employable age has grown by 2.5% in the period between 2004
and 2013 in Russia, and continues to grow [8]. Tver region is
one of the national leaders by the number of such residents
living there (in %); in the Central Federal District, it ranks 2nd
(as of January 1, 2016) with 32.4% people living outside of
cities being beyond working age [9]. Population ageing can be
the explanation of high incidence of dorsopathy in the studied
population group: out data indicates that age and dorsopathy
have the strongest intercorrelation (SRCC = 0.383; Fig. 4).

Dorsopathy incidence as registered by the Mokshino
outpatient clinic in 2016, which is 28,844.56 cases per
100,000 people, is 2.6 times higher than Tver region average
as reported by Rosstat (DMSCTs, rural population). [7]. Such
figures call for further research of the disease and identification
of the causes of its spread in this population.

At the international level, there is no single generally
accepted dorsopathy definition and assessment routine. Most
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Alcohol abuse
Hypodynamia
Occupational hazards

Drug abuse

0.01% 10.0%

Bl Men
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often, it is looked for in the context of examinations following
complaints of chronic pain in the musculoskeletal system (pain
persistent for at least three months of the past 12 months).
The largest replicated cross-sectional studies with identical
questions aimed at researching the prevalence of chronic pain
in musculoskeletal system are the studies conducted in 1995-
1997 (n = 92,936) and 2006-2008 (n = 94,194) in Norway,
which enlisted adults aged 20 and over; these studies revealed
that through the 11 years, the incidence of such diseases has
grown significantly, with senior women (50 y.o. and older),
smoking and overweight people facing a particular risk.
Disorders of musculoskeletal system were spreading especially
quickly among people 20-29 y.o. during those 11 years. The
difference in incidence of such diseases as it grew through time
was statistically significant for both genders; behind this growth
was hypodynamia associated with extensive use of computers
and mobile phones [10]. The data from this study coincide with
the results we obtained from the Mokshino rural outpatient
clinic in 2016.

In the Republic of Belarus, the prevalence of dorsopathy
was 8,008.5 + 4,804.6 cases per 100,000 people (depending
on the region) in 2001 [11]. Even with the maximum registered
in Belarus, which is 12,813.1 cases per 100,000 people, is 1.7
times smaller than the incidence according to the Mokshino
rural outpatient clinic records of 2011, which is 21,366.34
cases per 100,000 people.

30.0% 40.0% 50.0% 60.0% 70.0% 80.0%

Il Women

Fig. 3. Risk factors peculiar to 1203 rural residents, broken down gender-wise. 100% equals 540 men 663 women: HD — hypodynamia, HCL — hypercholesterolemia,

AA — alcohol abuse, EBW — excess body weight
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Fig. 4. Noncommunicable chronic diseases diagnosed in 1203 rural residents. 100% equals 540 men 663 women: AH — arterial hypertension, DGT (except UD) —
diseases of the gastrointestinal tract, CHD — coronary heart disease, ACA — acute cerebrovascular accident, PCS — postinfarction cardiosclerosis, DM — diabetes
mellitus, CDUS — chronic diseases of the urinary system, CRD — chronic respiratory diseases, UD — ulcer disease
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Fig. 5. SRCC values for dorsopathy and other factors peculiar to the population group of rural residents studied: AH — arterial hypertension, HD — hypodynamia,
AA — alcohol abuse, DGT (except UD) — diseases of the gastrointestinal tract, CHD — coronary heart disease, EBW — excess body weight, NNCD — numerous
noncommunicable chronic diseases, ANCD — absence of noncommunicable chronic diseases, DM — diabetes mellitus, CDUS — chronic diseases of the urinary

system, CRD — chronic respiratory diseases, UD — ulcer disease

An interesting study was conducted by American
researchers: they aimed to determine the trabecular bone
structure tensor [12]. The study proves there is an association
between DMSCTs and hypodynamia; in the population group
we studied, the SRCC between the two was 0.146. Citing
the Wolff's law, the researchers have experimentally proven
the need for moderate loads on musculoskeletal system as a
prerequisite for correct development of the bone structure.

A recommended component of the secondary routines to
prevent dorsopathies are special "schools" for people suffering
back pain [13]. There, the patients should learn of the importance
of moderate locomotor activity, minimization of NCDs RF in their
lives [14, 15], treatment of comorbidities and physiotherapy.
Such schools are open in many countries, e.g. in Australia [16].

CONCLUSIONS

Dorsopathy is the 2 most common NCD found in the rural
areas of the Tver region; the disease does not differentiate
between types of occupations (heavy physical work and
intellectual labor). The study shows that the number of
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EVALUATION OF EFFECTIVENESS OF MEDICAL AND ORGANIZATIONAL
CARIES PREVENTION MEASURES DESIGNED FOR WORKING POPULATION

Kopetsky IS, Virgilyev PS'™, Pobozhieva LV', Stupakov IN?

" Faculty of Dentistry, Pirogov Russian National Research Medical University, Moscow
2 Bakulev National Medical Research Center of Cardiovascular Surgery

Today, a dentist can make use of any of the multitude of methods to forecast treatment effectiveness, restoration lifetime, new
caries lesions development risks. However, at the national level we see no studies dedicated to evaluation of clinical effectiveness
of the majority of those methods. Having analyzed the available literature, we selected CAMBRA caries development risk
assessment method and made it a goal of this study to evaluate its effectiveness while also seeking to develop the most effective
treatment plan. We examined 126 young adults without concomitant somatic pathologies and divided them into treatment and
control groups; treatment group was then further subdivided into 3 groups depending on the risk of caries development. All
patients had their teeth and tissues of the oral cavity treated following the developed and the classic plans, accordingly. After
12 months, follow-up examinations of the treatment group revealed new caries lesions in 34 (43.5%) patients, while 40 (51.3%)
were diagnosed with periodontal diseases. In the control group, we found new cavities on the teeth of 25 (52.1%) patients and
periodontal pathologies in 28 (58.3%) study participants. This research shows that CAMBRA and the developed treatment plan
can decrease the rate of caries development in young adults.

Keywords: caries risk assessment, CRA, CAMBRA, treatment prognosis, OHI-S, CPE, CPITN, filing material
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OLUEHKA 3®PEKTUBHOCTU MEONKO-OPTAHN3ALIMOHHbIX
MEPOMNPUATUN MO NPOPUNAKTUKE KAPUOSHbIX MOPAXKEHUN
Yy Ny TryAOCNOCOBHOIO BO3PACTA

V1. C. Koneukuin', . C. Buprunees'™ J1. B. Moboxbesa', M. H. Ctynaxos?

T CtomaTonorm4eckiii haynsTteT, POCCUMCKNI HaLMOHabHbBIA UCCReaoBaTeNbCK MeANLMHCKUIA yHUBepcuTeT umeHn H. V. Muporosa, Mocksa.
2 HawwoHaneHbIN MeanLMHCKUIN NCCNeAoBaTENbCKUIN LIEHTP CepAeHHO-COCYAMCTON Xupyprim nmenn A. H. Bakynesa

B HacToslee BpeMsi B CTOMATONOMM CyLLIECTBYET MHOXXECTBO METOAOB, MO3BOSIIOLLMX CMPOrHO3MPOBaTb 3PMEKTUBHOCTD
JIEYEHNSI, CPOK CAY>XObl pecTaBpaumm 1 PUCK MOSBAEHNST HOBOMO KapWO3HOIO MOPaXKeHMs1 3y60B, HO B OTEYECTBEHHOM
mMTEpPaType HET PEe3ynbTaToB OLEHKU KIMHUYECKON 3PEEKTUBHOCTM OOMbLUMHCTBA MeToaMK. Ha ocHoBaHuu aHanmaa
mTepaTypHbIX daHHbIX Oblna BbibpaHa metoponorus CAMBRA Ona onpemeneHuss pucka paseutus kapueca. Llenbto
1CCNefoBaHvsa Obio onpedenTb 3PdEKTUBHOCTbL AAHHOM METOOMKM, a TakkKe COCTaBUTb Hambonee ahheKTUBHbIN
nnaH neveHns. beinn obcnegoBaHbl 126 NaumeHToB MOMNOAOMO Bo3pacTa 6e3 COMyTCTBYIOLLEN COMATUHECKOM MaTonoru,
VX pasgenvunm Ha OCHOBHYHO U KOHTPOJSbHYHKO MPyMMbl, OCHOBHYKO Mpynny pasgennnv Ha 3 moarpynnbl, B 3aBMCMMOCTU OT
prcKa pasBuTUg kaprieca. Bcem maumeHTam npoBeny caHaumio NoaoCcTy pTa no paspaboTaHHOM U KNaCCUHECKON METOANKE
COOTBETCTBEHHO. Hepes 12 MecsueB Ha MOBTOPHOM OCMOTPE B OCHOBHOW rpynne y 34 (43,5%) naumeHToB NOSABUICS HOBbII
KaprosHbln npouecc. Y 40 (51,3%) YenoBek ObinNv BbIIBAEHbI 3a60neBaHNs NapoAoHTa. B KoHTponbHOM rpynne y 25 (52,1%)
nauneHToOB NOABUANCH Kapro3Hble Nonoctu, 28 (58,3%) MMenu naTtonorio TKaHen NapofoHTa. VccnegoBanvie NoKasbIBaET,
4yto CAMBRA 1 pagpabotaHHas MeTogmka No3BOSISKOT CHU3UTL MPUPOCT Kapreca y nauyeHToB MOSIOA0ro Bo3pacTa.

Knto4yeBble cnosa: puck passutia kapneca, CRA, CAMBRA, nporHoa nevenurs, nnanvposanme nedeqns, VMP-Y, Ky, CPITN,
NIOMONPOBOYHBIV MaTepuar
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The CFE ("caries-filing-extraction") index peculiar to the
residents of Russia aged 35-44 years is 14.4, which is a high
rate of incidence of caries. Moreover, despite the ongoing
prevention programs, it tends to grow [1]. At the initial oral
examination of patients with multiple caries lesions, CFE does
not describe the real situation: patients that score the same
values can have completely different clinical pictures. It cannot
be reliably argued that after treatment the patient will not have
recurrent or secondary caries [2].

According to some authors, an objective assessment
of the oral cavity's condition requires determining the CFE
index, oral hygiene index, severity of dental caries, analyzing
the orthopantomogram (OPG), thorough instrument-aided
examination of proximal surfaces for hidden cavities, as well
assessment of the patient's periodontal status [3, 4].

Today, there is a multitude of methods to forecast the
risk of the new caries development: software solutions that
calculate the risk of caries development using the patient data
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(Cariogram, Risk Profile); statistical methods (caries intensity
index, Cll); methods implying assessment of the saliva's
physicochemical properties, i.e. its viscosity, pH, secretion
rate (Salivary multi test meter) and buffer capacity (Saliva
check-buffer); tests to approximate the number of bacteria
that cause caries, e.g. Streptococcus mutans (Saliva check-
mutans, Clinpro cario L-Pop (3M); Dentocult SM) or Lactobacili
(Dentocult LB); tests to determine the dental plaque's pH,
maturity and volume (Plaque indicator kit) [5, 6]; a questionnaire
(caries risk assessment, CRA) [7].

In addition to the questionnaire, some dentists use
Clinpro cario L-Pop (3M), a rapid test deriving the number of
cariogenic bacteria from the amount of sucrose processed
by them, and Saliva check-buffer and Saliva check-mutans,
diagnostic test kits (incl. special test strips and reagents) telling
the physicochemical properties of saliva within 15-20 minutes.
Plague indicator kit occupies a place of its own: this is a set
of 5 minute tests that enable learning the pH of dental plaque
and its maturity, thus allowing the dentist to show the patient
the "problematic areas" and assess the level of oral hygiene [5].

Some of these tests (CRA, CariScreen, OPG, clinical
examination) are part of the CAMBRA (Caries Management By
Risk Assessment) method developed by the California Dental
Association in 2011. The method is widely used in Western
countries (USA, UK, France, the Netherlands), but it is not
popular in Russia [8-10].

This study aimed to compare the available caries lesions
and caries risk assessment methods, determine which of them
is the most effective, and develop the rational treatment plan
that factors in the specific levels of risk.

METHODS

The study involved 126 young adults. The inclusion criteria
were: 1) men and women 18-44 years old; 2) presence of
carious cavities; 3) no registered concomitant pathologies.
The exclusion criteria were: 1) ages other than 18 to 44;
2) no carious cavities; 3) presence of concomitant somatic
pathologies. The design of this research was approved by the
ethical committee of N. I. Pirogov Russian National Research
Medical University (Minutes #15 of 2016.11.10). All participants
filled the CRA questionnaire and signed the informed voluntary
consent form; they were divided into two groups: treatment
(n = 78) and control (n = 48). Each patient had his/her OHI-S,
Cll indices determined, medical history collected, oral cavity
and OPG examined, treatment plan compiled. At the treatment
stage, all patients were trained proper oral hygiene routines,
had their teeth cleaned by a professional dental hygienist and
caries lesions (incl. complications thereof) treated. The follow-
up examinations were conducted 6 and 12 months after
treatment.

To process and analyze the data obtained, we used
Microsoft Excel 2010, vertically compared relative values by
independent sets and observation series, applied ANOVA to
quantity.

For the purposes of this study, we chose the CAMBRA
method and adjusted it to our clinical conditions (see below).
This method determines the risk of caries development (primary
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and secondary) through clinical instrument-aided examination
of the oral cavity, CariScreen dental plaque analysis, OPG
examination, patient interview (to fill the medical history) and
CRA questionnaire that the patient fills before the first visit to
the dentist.

The CRA questionnaire included questions about diet,
individual oral hygiene, somatic pathologies (cardiovascular
diseases, endocrine system disorders, general metabolic and
calcium and phosphorus metabolism disorders), bad habits,
previous visits to the dentist, as well as the consent form
confirming the patient's willingness to participate in the study.
This questionnaire shows patients the plethora of different
factors that affect the health of their oral cavity and should
encourage them to proceed with the treatment.

Instead of the CariScreen system, which is not popular in our
country, we used the OHI-S index by J. C. Green, J. R. Vermilion
as modified by P. A. Leus. The index allows learning the amount
of plague and scale accumulated in the patietn's teeth. The
OHI-S procedure implies examining buccal surfaces of teeth
16, 11, 26, 31 and lingual surfaces of teeth 36 and 46. Dye
(erythrosine, fuchsin) applied to those surfaces improves
visualization of the plaque. Both soft and hard scale deposits
are taken into account: the former on the tooth's surface, the
latter supra- and subgingival. The index value is the the sum of
codes describing each tooth divided by the number of teeth
examined.

CFl index is the sum total of the number of carious teeth,
number of filled teeth and number of extracted teeth. A value
greater than 10 signals of intensive development of caries.

To determine if the patients had their periodontal tissues
affected by any pathology, we calculated CPITN, Community
Periodontal Index of Treatment Needs. The process implies
using a special CPITN clinical periodontal probe to examine
gingival sulcus, gum tissues for bleeding, as well as measuring
sub- and supragingival plaque deposits and gingival pockets,
if any. The treatment plan depends on the value of this index.

Apart from CPITN, the state of periodontal tissues can be
determined with the help of OPG, which also helps discover
hidden carious lesions. Examining the OPG taken with a system
like Vatech Pax-i3D (Samsung; Korea) or Planmeca ProMax
3D (Planmeca; Finland), a dentist can find manifestations of
periodontal diseases and caries lesions on proximal surfaces
of the teeth, which are hard to diagnose in the context of the
regular examination routine.

The survey and the methods described above allowed
dividing the patients into groups by the caries risk factor, from
very low to extremely high.

To determine the severity of caries, we used the Nikiforuk
classification as modified by A.l. Nikolaev and L.M. Tsepov; this
classification puts patients into three groups [2]:

— initial caries; clinical manifestations: signs of decay on
fissures and proximal surfaces of molars (CFE index value
below 8);

—moderate caries; clinical manifestations: lesions on fissures
and proximal surfaces of molars and second premolars, single
lesions on proximal surfaces of anterior teeth (CFE index value
9to 12);

— severe caries; clinical manifestations: lesions on fissures

Table 1. Treatment group patients divided into subgroups by risk factor and caries severity

Risk group Risk factor Risk acc. to CRA OHI-S value Periodontal pathology Caries severity
Subgroup | (low risk) Low to moderate 0-1.2 No Initial
Subgroup Il (moderate risk) Moderate to high 1.3-3.0 Gingivitis Moderate
Subgroup llI (high risk) High to very high Over 3.1 Periodontitis Severe
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and proximal surfaces of molars and premolars, lesions on
proximal surfaces of anterior teeth, cervical caries (CFE index
value 9 to 12).

CPITN helped assess the state of the patient's periodontal
tissues.

Thus, applying the CAMBRA method and factoring in the
examination data, we divided treatment group participants into
3 subgroups depending on the risk factor and caries severity
(Table 1).

Different risk groups had different treatment plans. Patients
in subgroup | had only initial caries lesions and exhibited
a high OHI-S value; after professional teeth cleaning (soft
plaque removal with air abrasion, hard plaque removal with a
US scaler, teeth polishing), caries lesions in their teeth were
removed mechanically, then prepared for adhesive restoration
and restored with a nanohybrid light-cured composite resin
following the ethanol protocol (prepared cavity treated with 2%
chlorhexidine ethanol solution) [11], no liner.

OHI-S values peculiar to subgroup Il patients were
satisfactory; caries lesions discovered on their teeth were
moderate. On the CPITN scale they scored 1 to 2 points,
therefore, in addition to professional teeth cleaning, these
patients were taught rational oral care routines, and a week

1.3%

Fig. 1. Distribution of patients into risk groups

Fig. 2. Dental health status change, 6 months follow-up, treatment group

later they had the oral hygiene status checked again and
brushed teeth under supervision. Caries lesions found in
these patients were removed mechanically, teeth prepared for
adhesive restoration and restored with a nanohybrid light-cured
composite resin following the ethanol protocol; for the liner, we
chose a dual cure glass ionomer cement (GIC), thus applying
the "closed sandwich" technique. GIC releases fluoride ions,
which makes liners made of this material bacteriostatic, i.e.
capable of preventing secondary caries [2, 12].

Oral hygiene status of subgroup Il patients was
unsatisfactory, most of them had over 6 caries lesions on their
teeth. The CPITN value was above 2, so we used Vector system
to treat periodontal pockets in 4 patients with mild periodontitis.
Vector (Durr dental; fepmanuisi) system was designed to enable
administration of drugs in periodontal pockets, perform scaling
and root planing. Other patients had their teeth cleaned by
a professional dental hygienist. Carious lesions found on the
proximal surfaces were removed mechanically, then the teeth
were prepared for adhesive restoration, cavities filled with a
nanohybrid composite resin over a GIC liner ("open sandwich"
technique) [2, 13]. For decay found on occlusal surfaces
we used a tri-cure GIC. Glass ionomer cements possess
the "battery" power: they adsorb fluoride ions from special

. Low risk of caries
development

. Moderate risk of caries
development

. High risk of caries
development

. New caries lesions,
subgroup Il

. Dental health status
unchanged
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56.4%

Fig. 3. Dental health status change, 12 months follow-up, treatment group

toothpastes and then release them when the pH level in the
oral cavity goes down [14].

Control group patients underwent professional teeth
cleaning, periodontal treatment, had their caries lesions
removed and affected teeth prepared for adhesive restoration,
then restored with a nanohybrid light-cured composite resin
over a liner (standard technique, as decided upon by the
attending dentist).

At the follow-up visits, 6 and 12 months after the initial
treatment, new caries lesions in all participants (both control
and treatment groups) were treated following the same routines
as were applied during the first stage of the study.

RESULTS

Initial examination revealed that in the treatment group:

— 23 patients ran a moderate risk of new caries development
(subgroup lI);

— b4 patients ran a high risk of new caries development
(subgroup Ill;

According to the CPITN:

— 77 patients had pathological changes in periodontal
tissues (gingivitis in 93.5% of patients, mild periodontitis in
3.9%);

— 1 patient had healthy periodontal tissues (Fig. 1).

Initial examination of the 48 patients of the control group
revealed that:

— their mean OHI-S value was 2.3 (satisfactory oral hygiene
level);

— mean CFE index was 9.7 (moderate caries development
intensity);

—43 of them had pathological changes in periodontal
tissues (gingivitis in 88.4% of patients, mild periodontitis in
11.6%);

At the 6 months follow-up examinations (Fig. 2), we
discovered new caries lesions on intact or treated teeth of
27 (34.6%) patients, learned that 36 (46.1%) patients did
not follow the oral care recommendations and registered no
visible change in dental health status of 51 (65.4%) patient.
Only the patients of subgroup Il (high risk) exhibited new caries
lesions. We registered no inflammatory periodontal diseases
in 42 (53.8%) patients from subgroups | and Il who observed
the rational oral hygiene recommendations. Chronic catarrhal
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. New caries lesions,
subgroup Il

. New caries lesions,
subgroup Il

. Dental health status unchanged,
subgroups I, Il

gingivitis and mild periodontitis were diagnosed in 46.1% of
the patients.

At the follow-up examination, 20 (41.7%) control group
patients had new carious lesions and 27 (56.3%) — periodontal
tissue pathologies.

After 12 months (Fig. 3), despite all measures taken, 31
(89.7%) patient from subgroup Il and 3 (3.8%) patients from
subgroup Il had the new caries lesions developing. Only 44
(56.4%) participants had no visible changes to their dental
health status; these patients belonged to all caries risk
subgroups. In 38 (48.7%) patients from subgroups | and Il that
followed the rational oral hygiene recommendations we found
no inflammatory periodontal diseases. Forty (51.3%) patients
were diagnosed with chronic catarrhal gingivitis and mild
periodontitis.

In the control group 25 (52.1%) patients had new caries
lesions and 28 (58.3%) — periodontal tissue pathologies.

CONCLUSIONS

We discovered that 6 month after the first examination and
treatment, 27 (34.6%) of subgroups Il and Il patients had
new caries lesions; 12 months after, the figure increased to
34 (43.5%). In the control group, the new lesions were found in
20 (41.7%) patients after 6 months and in 25 (52.1%) patients
after 12 months. The results allow a conclusion that the
CAMBRA method combined with calculating the probability of
caries development allows predicting remote treatment results,
be it planned or performed.

Follow-up periods differ for different patients and depend
on the specifics of the groups the patients belong to. Subgroup
| patients can have the follow-up examination 12 months after
treatment, while those belonging to subgroup Il should visit the
dentist 6 months earlier. Subgroup Il patients should come to
the dentist's office more often: higher caries risk requires dental
health examinations every 3 months.

The choice of filing and restoration techniques also
depends on the risk group the patient belongs to. Classic
technique is good for those running low caries development
risk, while moderate risk group would benefit from adding
GIC as a liner, and patients whose caries risk level is high
should have their teeth filled and restored following the "open
sandwich" technique or with application of GIC.
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HYGIENIC ASSESSMENT OF HANDICAPPED ADOLESCENTS VOCATIONAL
TRAINING CONDITIONS: PROBLEMS AND OPTIMIZATION OPPORTUNITIES

Eliseeva YuV'™ Voytovich AA', Milushkina OYu?, Istomin AV2, Eliseev YuYU'

" General Hygiene and Ecology Department, Razumovsky Saratov State Medical University, Saratov
2 Hygiene Department, Pirogov Russian National Research Medical University, Moscow
8 Healthy and Safe Nutrition Department, Institute for Complex Hygiene Problems, Erisman Federal Research Center for Hygiene, Moscow

In a number of occupations, there is a shortage of labor force that can be filled with economically active part of the population,
including people with disabilities (handicapped, HC). Unfortunately, observance of hygienic requirements in the context of
HP adolescents vocational training has not been studied sufficiently: most scholars have researched only the conditions of
teaching healthy adolescents. This study aimed to examine the HC adolescents vocational training conditions and develop
measures to improve their working conditions with pathologies factored in. We examined adaptation potential, anxiety level,
mental efficiency, sick rate and personal well-being assessment in HC adolescents (n = 120) aged 16-18, not impaired
intellectually, studying sewing equipment operation, shoe repairs in the boarding scool. In the context of the study, we applied
Smirnov hygiene criteria, Giessen Symptom Questionnaire, Spielberger's Test Anxiety Questionnaire, Sivkov scale, correction
tables, Baevsky adaptation index. For the purposes of statistical analysis, we used parametric (Student t-test) and non-
parametric (Mann-Whitney) criteria. The Spearman's correlation coefficient helped determine interrelationship of the studied
parameters. We identified the following key adverse hygienic factors that have a significant impact on the students' health:
intense character of labor performed, insufficient artificial lighting, noise level above the norm, high content of organic solvents
and dust in the workshop's air. The timetable of the boarding school was also found to be inefficient. The results of this study
allowed developing and introducing a software program to automatically compile the school's timetable with the aim to improve
psychosomatic health of the students and halve the number of health-related complaints.

Keywords: handicapped students, vocational training, training and production environment factors, adaptation, classes timetable
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FMMIMMEHUYECKAS OLLEHKA YCNTOBUIN NPO®ECCUOHAIBHOIO
OBYYEHUA NOAPOCTKOB C OrPAHNYEHHBIM BO3MO>XXHOCTAMMWN:
MPOBNEMbI U NYTU ONTUMN3ALIUN
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Preserving and strengthening health of adolescents is a
topical problem nowadays and the most important task
before the state [1, 2]. Overall, the state of health of children
and adolescents worsens, which translates into the growing
number of acknowledged disabilities that put health-related
restrictions on the access to vocational education [3-6].
The law “On Social Protection of Disabled Persons in the
Russian Federation”, adopted in 1995, guarantees social
protection for people with disabilities, as well as unrestricted
access to education. However, execution of HC adolescents
vocational training is significantly limited. Moreover, training and
production environment factors influence health of students
learning various trades [7-10]. At the earliest stages, the
influence manifests as disorders of adaptation mechanisms
accompanied by morphofunctional disorders; these are the
first signals of changes in health of students associated with
vocational training [11, 12]. To make the training more effective,
it is necessary to know how persons with disabilities adapt to
the conditions this training occurs in. Thus, studying the HC
adolescents' ability to adapt to learning trades in secondary
vocational schools, the specifics considered, is a task of
practical significance.

This study aimed to examine the conditions HC adolescents
receive vocational education in and develop measures
aiding their adaptation to training and production environment
factors.

METHODS

The study was conducted at the Saratov Vocational Boarding
School for Handicapped and Disabled Persons (State
Autonomous Vocational Education Institution) in 2016-2017;
it was approved by the Ethics Committee of V. |. Razumovsky
State Medical University, city of Saratov (Protocol #3 of
07.11.2017). As prescribed by the Federal Law #323-FZ
of 21.11.2011 “On the Principles of Protection of Health of
Citizens in the Russian Federation” (revision of 03.07.2016),
all participants gave the informed voluntary consent to the
research activities; under Article 9 of the Federal Law #152-FZ
of 27.07.2006 “On Personal Data”, they agreed to have their
personal data processed.

We studied the training and production environment factors
that affect adaptation of students. The study group included
120 HC adolescents aged 16 to 18; 58% of them had I-lI
class disabilities. Inclusion criteria: learning "sewing equipment
operator", "shoe repairman" trades in the boarding school;
lack mental impairments. Exclusion criteria: severe mental
disorders; low intelligence; proneness to conflict.

The training and production processes organization was
studied through examining the chronometry (time and sequence
of specific operations registered by seconds). Hygienic criteria
suggested by N. K. Smirnov [13] enabled evaluation of the
rationality of theoretical and practical classes; daily study load
calculations helped estimate the soundness of weekly and
daily load distribution pattern [14]. Form 086/u (approved by
the Ministry of Health of the Russian Federation on 08.12.2014)
provided the objective data describing state of the students'
health. Analysis of the personal rehabilitation program forms
(approved by Order #379n of 04.08.2008 issued by the Ministry
of Health and Social Development of Russia) allowed studying
the reasons and structures of the students' disabilities. We
referred to classes and nosological entities described in ICD-
10 when examining levels and structures of the diseases.

Giessen Symptom Questionnaire allowed the students to
express their own view of the state of their health [15].

State-Trait Anxiety Inventory (Spielberger test) [16]
enabled expression of personal and situational anxiety by the
adolescents.

Baevsky adaptation index (as modified by A. P. Berseneva
in 1995) [17] allowed calculating adaptation indices in the
context of the personal adaptation capabilities assessment.

Correction tables by V. Ya. Anfimov (as modified by S. M.
Grombakh) [18] were used to assess mental efficiency of the
students.

Various criteria (Student t-test, Mann-Whitney test, means
difference significance p) were used to establish significance
of differences in the parameters studied. We considered the
differences found significant at p < 0.05; p < 0.01; p < 0.001;
the minimal significance level was 95%. Spearman's rank
correlation coefficient () was used to determine closeness
and significance of the relationship between the parameters.
The data obtained was processed with the help of MS Excel
Statistica 6.0 software.

RESULTS
Shoe repairman vocational training conditions evaluation

The labor component of the shoe repairman vocational
education, as it is given to HC adolescents, is a heavy burden
in itself: over 80% of the practical class implies sitting down
in an awkward position forced by the specifics of operations
performed. Artificial lighting of the workbenches was insufficient:
in the training workshops, light intensity at the working surface
of the benches was 226.5 + 13.8 Ix, while the norm is 300 Ix.
The air inside the students' working area contained excessive
volumes of specific substances: acetone (up to 4.5 times
the maximum allowable concentration), carbon dioxide
(up to 1.5 times the maximum allowable concentration).
As for the moderately hazardous industrial allergens (rosin,
formaldehyde), their shift-average concentrations did not
exceed the allowable levels. Taking into account the detected
concentrations of chemicals in the working area air, the
labor conditions of HC adolescents should be considered
harmful. Moreover, examination of the educational process
revealed irrationalities in length and sequence of various activities
associated with the shoe repairman vocational training.

Sewing equipment operator vocational training
conditions evaluation

Examining the conditions adolescents learn to operate sewing
equipment in from the point of view of hygiene, we learned a
number of factors affecting them:

1) labor intensity — working operations, which make up
82% of the lesson's duration, require a forced posture (sitting,
body leaning forward)

2) strain — over 40% of the lesson the students had to
concentrate on a single object;

3) lighting — the artificial illumination level registered in the
context of using the sewing equipment was only 1456.2 + 24.1 Ix,
while the norm is 2000 Ix, p = 0.15; at ironing workbenches
and manual operations desks the level was 350.7 + 13.7 Ix,
while the norm is 600 Ix, p = 0.03;

4) noise — during manual operations and ironing the sound
pressure level in the workshop was 82.4 + 2.4 dB; we have
registered the excess of 9.5 + 3.2 dB in the frequency range
from 500 to 8000 Hz; in total, the students suffered from
excessive noise 54.3% of time in class; the noise level reached
82.4 + 2.4 dB, which exceeded the permissible values by 2 dB.
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We connected the results obtained with improper
organization of workplaces in the workshop: manual operations,
ironing and sewing equipment zones were next to each other
and in the single room. Sewing machine produced noise to the
level of 87.1 + 2.1 dB, while the chain weave machine's sound
pressure level was 85.2 + 3.5 dB. Both are in excess of the
maximum permissible level of 80 dB.

Students sick rate assessment

In the first half of the school year, the sick rate was 5.23
cases per 1000 people (calculated from the registered visits
to doctors). In the second half, the rate was greater than in
the first (difference statistically significant, p < 0.01): 7.08 cases
per 1000 students. The pathology index in the group was
199.5 + 16.7 per 100 people. The most common disorders were
those of the neuropsychic sphere (43.8%), musculoskeletal
system (18.3%), circulatory system (16.5%).

Students working efficiency evaluation

We tested the students mental efficiency (ME) at the beginning
and at the end of several lessons to cover all the subjects

ORIGINAL RESEARCH | HYGIENE AND PREVENTION

studied (Table 1). According to the integral assessment, more
than half of the adolescents (64.2 + 3.1%) exhibited low levels
of MC at the beginning of classes; only 14.2 + 2.1% of students
showed high MC. At the end of the class, there were more
people with high MC (35.4 + 3.3%) while the number of those
who still remained at the low ME level decreased to 25.8 + 0.9%.
The dynamics revealed result from the longer warm-up period,
which is one of the functioning peculiarities of CNS of HC
adolescents.

We applied the method suggested by P. V. Nefedoy,
N. B. Kutumova [14] when distributing the HC students
according to their ME based on the data obtained through
the week. The ME levels were determined with the daily study
load coefficient taken into account (Table 2). On Mondays, the
students' performance in studying was low, which may have
been the result of changes in their daily routine (most of them
left for home on Saturday and returned to the boarding school
on Monday morning). The efficiency upturned sharply on
Tuesday and Wednesday, then decreased gradually Thursday
through Saturday, which indicates the predominance of
inhibition processes in CNS as a result of accumulating fatigue.

A more detailed analysis of the efficiency levels
demonstrated by HC adolescents through the school day

Table 1. Examination of mental efficiency of HC adolescents with the help of correction tables by V. Ya. Anfimov (as modified by S. M. Grombakh)

Average number Task performance
Number of letters viewed of errors per 500 aCCpurac (%) Performance
Subjects Student characters Student y (Yo
studied t-test P t-test P
Start End Start End Start End Start End

of class of class of class of class of class of class of class of class
Professional 445291 | 4793:11.4 | 239 | 0004 |53.9:27 | 49918 | 123 |0.0001 | 891232 | 90.7+2.4 | 49202 | 52+05
occupation
Production 580.4 + 10.5 4521 £ 8.7 10 0.019 | 50.9+1.3 | 73.0 + 4.1 5.14 0.001 919+15 | 86.0+19 | 6.3+09 | 52+0.1
technology
Equipment 5443 £ 9.1 4252 +7.6 10.44 0.017 | 49.8+2.7 | 71.4+£3.6 4.8 0.001 916+21 | 8.6+11|59+10 | 52+03
Materials
Science 520.4 £9.7 4294 £ 7.2 7.98 0.013 | 53.1+3.1 | 706 + 2.3 4.53 0.0009 | 94.0+1.8 | 858+29 | 55+1.2 | 50+04
Industry and
enterprise 600.4 + 9.1 512.8 + 8.6 7.31 0.013 | 56.6 +1.5| 70.5+1.3 5.06 0.0007 | 91.3+2.2 | 87.8+26 | 6.3+0.9 | 58+0.8
economics
Fundamentals
of artistic 519.3 + 8.6 4593 + 7.7 5.64 0.008 | 589 +1.6 | 67.1+1.8 3.4 0.0004 | 885+1.7 | 87.2+29 | 58+0.8 | 52+1.1
design
Sgevfi':'g 587.1+95 | 5362+81 | 424 |0008|521+14|563+14| 22 |00002|91.8+15|904+31|63+03 59202
mzzg’s/mg"’” 603.8+20.2 | 551.6+84 | 241 |0.008|547+3.1[59.1+16| 1.26 |0.0002|91.6+32|903+29|65+02 |6.1+02
Ethics and
culture of 498.7 + 16.5 4553 +75 2.46 0.022 | 56.8+1.9 | 61415 1.9 0.0002 | 89.7+1.9 | 88.1 +2.1 5.5 5.1
communication
Basics of
life safety 401.6 £ 6.9 463.6 + 8.1 6.2 0.008 | 55.2+2.4 | 498+ 1.8 1.8 0.0002 | 87.9+2.6 | 90.2 +3.5 49 51
g;g:‘}f’at"’”a' 4018+54 | 4453+21 | 817 |0.006|59.7+24 |543+13| 198 |0.0002|87.0+2.4 | 89.1+4.0 46 5.1
Adaptive 4811+44 | 5712491 | 914 | 0013 |541+13 |434+54| 193 |0.0005|89.8+2.8 | 92.9+13 53 6.1
physical culture

Table 2. Efficiency of students through the week
Days of week Number of letters viewed The total number of characters in the test Load coefficient value (%)
Monday 121 £ 5.2 14
Tuesday 170+1.9 19.7
Wednesday 171 £0.9 19.7
868

Thursday 149 +2.5 17.2
Friday 133+1.3 15.4
Saturday 120 £ 6.2 14
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revealed some differences from the classical daily performance
curve. The efficiency level was at its highest on the 3-rd or 4-th
hour of work, then it dropped, and the drop was followed by
the final burst that has the performance peaking; compared
to the classic efficiency level curve, the burst was shifted for
2-3 hours.

Assessment of adaptation capabilities

Assessing the students' adaptation capabilities, we learned
that the adaptation index (Al) of 39.3 + 1.1% of young men
was 8.25 10 9.86, which corresponds to the unsatisfactory level
of adaptation. As for the young women, 34.5 + 1.6% of them
had the adaptation index at unsatisfactory levels, and 26.5 + 0.7%
have exhibited signs of stressed adaptation mechanisms.

There were 26.3% more girls with satisfactory adaptation
levels than boys. Increasing Al may signal of the health
deterioration trend associated with decreased efficiency and
growing fatigue.

It was found that adaptation of 48.1% of non-HC
adolescents was unsatisfactory, while that of HC students was
41.6%.

As for the anxiety, the assessment revealed the average
level of state anxiety to be low and that of trait anxiety moderate
in the adolescents. Among the participating HC students,
76.2% exhibited low state anxiety values (< 30 points), which
indicates that they are depressed, areactive and unmotivated
to study. 23.8% of the students showed moderate state anxiety
levels (33-44 points). A considerable share of adolescents
(51.3%) studying to operate sewing equipment exhibited high
trait anxiety, 52 + 1.4 points; this is the result of their proneness
to perceive a wide range of life situations as threatening and
respond to them with a pronounced reaction. The trend
reflected the peculiarities of personal patterns found in this

group.

Correlation analysis allowed establishing that life in the
dormitory is a positive example of successful adaptation of HC
adolescents to the microenvironment of vocational education
institution (- = 0.32). Besides, we have found the Al to be
moderately associated with the trait anxiety level (r = 0.36),
which characterizes peculiarities of personal patterns and
those of body functioning under stress. Thus, adolescents with
lower stress levels were able to adapt to the vocational training
conditions in an educational institution better. State anxiety and
Al were found to be inversely associated with each other, the
association being moderate (r = — 0.38). Those students whose
motivation to study was low showed unsatisfactory adaptation
values.

Classes timetable assessment

Vocational training implies greater studying-related loads, since
the curriculum has special subjects (technology, materials
science, vocational training etc.) added to it. Thus, one of the
major challenges in educating HC adolescents when they start
learning a trade is to compile the timetable in a rational manner.

The ranked subject difficulty scale developed by I. G. Sivkov
[18] is one of the methods used to evaluate the timetable from
the point of view of hygiene. However, in case of a vocational
school this scale is inapplicable since it contains no specific
profession-related subjects.

We assessed the difficulty of the curriculum subjects
through monitoring functions of the students' CNS (ME
indicators, correction tables). Analysis of dynamics of the CNS
functions' indicators revealed certain trends governing changes
in the parameters studied (Table 3).

Table 4 contains scores reflecting difficulty of the subjects
as it was evaluated in the context of the research. We have
compared this fatigue scale with the SanPiN 1186-03 Indicative
Scale of Educational Subjects and found certain similarities

Table 3. Subjects scoring based on the dynamics of the students' CNS parameters

Evaluation criteria Change in the number of viewed characters Change in the number of errors Points
Extremely low values (less than M- 20) -27.0-18.1% +27.0 + 18.1% 6
Low values (M- 20) -18.0-9.1% +18.0 + 9.1% 5
Below average (M- 10) -9.0-0% +9.0 + 0% 4
Average values (M + 10) +0 + 9.0% -0-9.1% 3
Values above average (M + 20) +9.1 + 18.0% -9.0-18.1% 2
High values (more than M + 20) +18.1 + 27.0% -18.0-27.0% 1

Table 4. Subjects ability to cause fatigue, ranked scale

Subject

Difficulty rank (points)

Shoe repairman profession

"Shoe technology", "Equipment", "Materials science for shoe production" 6
"Industry and enterprise economics", "Fundamentals of art design and shoe design" 5
"Production training" 3
"Occupational safety" 2
"Physical culture" 1
Sewing equipment operator profession
"Garments manufacturing technology", "Equipment", "Materials science" 6
"Design basics" 5
"Special drawing", "Native region history", "Ethics and culture of communication" 4
"Production training" 3
"Occupational safety", "Basics of life safety" 2
"Physical culture" 1
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between the two. Thus, it was deemed possible to equate
the compiled fatigue scale to the difficulty scale and call it
accordingly.

Hygienic assessment of the sewing equipment operator
curriculum timetable showed that the study load therein is not
distributed evenly: it grows gradual Monday to Wednesday,
then drops unevenly Thursday to Saturday while peaking on
Friday.

The curriculum timetable for the shoe repairmen profession
was as unbalanced: maximum study load from Monday to
Friday, no gradual growth or drop. We established that the
timetable in both groups is not rational, which lead us to
developing measures to adjust and optimize it.

Application of the automated timetable
compilation software

Since compiling the classes timetable is a labor-intensive
process, it was decided to automate it. For this purpose, a
software program was developed and registered (“Automated
Timetable Compilation Program for Primary Vocational
Education Institutions”,  certificate 2016612429, state
registration date 26.02.2016). The core of the system and its
interface were coded in CSharp 2010, operating system type
and version — Microsoft Visual Studio.

The software program we have developed distributes
subjects through the weekdays based on their difficulty score
in points. Its purpose is to compile a classes timetable that
would agree with the weekly performance curve and the daily
study load index peculiar to the HC students.

Application of the software starts with inputting name of
the educational institution, name of the trade taught, curriculum
year, group code. Names of the institution and trade are plain
text, year and group code — numeric symbols.

Next, the user inputs the weekly amount of classroom hours
of each subject. The subjects themselves are pre-defined in the
software as they are listed in the basis curriculum.

Finally, the program automatically compiles timetables
factoring in the subjects' difficulty scores.

The automated timetable compilation software allowed
compiling a classes timetable that agrees with the basis
hygiene requirements and principles of biorhythmology.

After 6 months with the new timetable, we have registered
changes in the participants' ME: the number of adolescents
whose ME was average before the classes has grown by
21.3% (p < 0.05) and equaled 21.6 + 3.2%. The number of
adolescents whose efficiency was low decreased by 7.7%
(o > 0.05) and equaled 59.2%; the number of those with ME
value above average has grown by 45.7% (p < 0.05) and
amounted to 5.1% of the total number of students.

At the end of the classes, the students' performance
was better, too: the share of those demonstrating average
and above average efficiency increased by 40% and 3.1%,
respectively (o > 0.05), while the number of students whose
ME was below average dropped by 9.1% (p < 0,05).

Having analyzed the students' psychosomatic complaints
again, we discovered that the share of non-specific complaints
decreased by 52%, share of those reporting malfunctioning
cardiovascular system and respiratory organs — by 46.6%.
However, the students complained about problems with
musculoskeletal system as often as they used to, since it was
the timetable that changed and not the vocational training
algorithms.

Analysis of the state anxiety levels revealed they have
shifted towards moderate values. Trait anxiety did not change
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significantly, which reflects peculiarities of personal characters
of the students.

Automation of the timetable compilation routine improved
its efficiency and clarity through information support; moreover,
the software allowed optimization of utilization of the teaching
workforce, which is limited.

DISCUSSION

Examining the conditions HC adolescents receive vocational
education in, we found violations of sanitary and hygienic
requirements in individual workplaces. The harmful physical
factors peculiar to the workshops students learn the trades in
are insufficient artificial lighting and excessive noise; the harmful
chemical factors (polluting air in the working zone) are excessive
dust content, presence and volume of organic solvents and
allergens. Thus, the conditions were deemed hazardous, the
labor itself — intense (as described in the labor classification).
QOur findings are in line with those of other researchers who
revealed the discrepancy between the conditions of training
and hygienic standards [19]. Moreover, harmful factors of the
working environment and labor itself (1-3 degrees) accompany
the subsequent employment of students, contributing to the
development of occupational pathologies [20].

Comprehensive assessment of the educational process
in the vocational boarding school for HC students revealed
that the classes timetable is not rational in terms of duration
of various activities and the frequency of their alternation. As a
result, adolescents learning both trades researched exhibited:
low mental efficiency, low levels of state anxiety (76.2%),
unsatisfactory biological adaptation levels (44.85%), strain of
the adaptation mechanisms (21.2%). The difference between
the sick rates peculiar to second and first half-year periods
(based on the registered requests for medical assistance) was
statistically significant and equaled 7.08 and 5.23 per 1000
people, respectively (o < 0.01).

In the context of the study, we have developed a software
program that automates compilation of the classes timetable
while factoring in the functional peculiarities of HC adolescents'
body systems. A 6-month trial of the hygienically rational
timetable based on the subjects' difficulty scores confirmed
its effectiveness. Introduced, the timetable secured a 52%
decrease of non-specific complaints and a 46.6% decrease of
those pertaining to problems with cardiovascular system and
respiratory organs. At the same time, the state anxiety levels
shifted toward moderate values and the number of students
exhibiting average ME grew.

To further combat the adverse effects the factors peculiar to
training and production environment have on the adolescents'
organisms, the boarding school was given a developed set
of guidelines approved by Rospotrebnadzor (Russian Agency
for Health and Consumer Rights) in the Saratov region; the
guidelines prescribe concrete measures:

— conducting occupation-related classes in rooms the
floorspace and volume of which are sufficient for the number of
students in a group or making that number smaller;

—installation of a fume hood (for adhesive operations) in the
shoe repairs workshop;

— introduction of physical activity breaks, required due to
the fact that over 80% of time at the practical lessons students
have to maintain the same pose;

— installation of the local sources of light on the shoe
repairman's workbenches and those designed for machine
and manual operations part of the sewing machine operator
training routines;
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— use of the means of personal protection to counter the
adverse effects of excessive noise (earplugs, helmets, headphones),
vibration (mittens with inserts, mittens and gloves with reinforced
palm covers, gripping pads and plates for vibrating arms and parts);

— control of performance of the ventilation system, its timely
sanitary and technical maintenance in the workshops;

— motivating students to lead a healthy lifestyle.

CONCLUSIONS

The sanitary and hygienic conditions handicapped adolescents
receive their vocational education in are suboptimal. Assessing
the shoe repairmen training environment, we found that the
air of workshops was polluted with chemicals (acetone —
4.5 MPC, carbon monoxide — 1.5 MPC), and the sewing
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PREVENTION OF STAFF BURNOUT IN HUMANITIES TEACHERS OF HIGHER
EDUCATIONAL INSTITUTIONS

Polunina NV, Soltamakova LS ¥

Department of Public Health, Healthcare and Healthcare Economics,

Pirogov Russian National Research Medical University, Moscow
In their daily life teachers go through a lot of stress ensuing from abrasive relationships with the administrative staff, colleagues
or students, and family conflicts. Long-term exposure to stressors leads to the syndrome of emotional burnout, which can
be avoided is preventive care is taken. The aim of this study was to identify burnout symptoms in the humanities teachers
working for higher educational institutions and to propose adequate preventive measure. We recruited 1,489 teachers who
were offered to anonymously fill out a questionnaire and also collected information about their health from sickness leaves.
Statistical analysis included calculation of means, their errors, intensive and extensive variables, and confidence intervals. Two
in three teachers reported fatigue, regular back/chest pain, and headache. The use of a scoring scale allowed us to conclude
that a lot of respondents (43.2%) had severe burnout symptoms. Every second teacher demonstrated poor health awareness.
To prevent staff burnout, measures should be taken aimed at stimulating a positive attitude to medical care, improving health
literacy and motivating teachers to lead a healthy lifestyle.
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NMPOPUNTAKTUKA CUHOPOMA SMOLUMOHAJIbHOIO BbIFrOPAHUA
Y MPENOAABATEJIEN 'YMAHUTAPHbIX BbICLLUMNX YYEBHbIX 3ABEAEHUN

H. B. MonyHuHa, J1. C. Contamakosa =

Kacbegpa 06LLeCTBEHHOrO 300POBbS 1 3APABOOXPAHEHNS, OKOHOMUKIM 30PAaBOOXPAHEHNS,

Poccuiickunii HaumoHanbHbI nccnegoBaTensckui yHrsepeuteT uvenn H. . Tuporosa, Mockea
[MpodeccunoHansHaa AesaTensbHOCTb NpenogaBaTenell ConpsbkeHa C BO3OeNCTBMEM BOMbLLIOMO YMcia CTpecc-(hakTopos,
KOTOPbIE MOMYT NPOSBNATLCS HA PaboTe, BO B3AUMOOTHOLLIEHWAX C HAYAIbCTBOM, HAMPS>KEHHOM O6CTaHOBKOW B KOMNIEKTBE,
BCNEACTBUE Pa3NHHbIX COLMANBHO-MCUXONOMMHECKMX NEPEXNBaHNA Ha padboTe 1 aoma. [dnutensHoe BO3OENCTBUE STUX
(hakTopoB CNOCOBCTBYET PA3BUTNIO CUHOPOMAE SMOLIMOHASIBHOIO BbIFOPaHus, NPoMnnakTka KOTOPOro NPOCTO HEOOXOANMA.
Llenbto nccnenoBaHns 66110 BbISABUTL CUMMATOMbI CUHAPOMA 3MOLIMOHAIBHOIO BbIFOpaHus y npenogasatenet ryMaHnTapHbIX
BbICLLMX Y4EOHbIX 3aBedeHUn 1 paspaboTaTb MeponpuaTia no ero npodunaxktuke. O6cnegoaHo 1489 npenogasatenen
MYMaHUTAPHbIX BY30B C MOMOLLIbO COCTABMEHHbIX aHOHUMHbIX aHKET ANA U3yYeHUst MPOMECCUOHANIbHOM AEATENBbHOCTM
negaroroB, a Takxe BbIOOPOYHbIX KAPT Ha OCHOBaHWW JIMCTKOB HETPYAOCNOCOBHOCTU. [Nns CTaTUCTUHECKOro aHanvaa
pacCYUTbIBAIN CPEOHNE BEMMHMHBI N X OLUMOKM, MHTEHCUBHbIE W SKCTEHCMBHbIE MOKa3aTenu; WUCNoNb30Ban METOf,
CPaBHEHWS OTHOCUTESbHBIX BEMNYNH 1 ONpedeneHne OCTOBEPHOCTY pasnnyng. BbisiBneHo, YTO y OABYX npenogaBaTtenei
N3 TPEX MPUCYTCTBYHOT HYyBCTBO YCTAIOCTW, YacTble 60V B CNKHE W rpyan, ronoBHasa 60nb. B pesynsrate 6anibHOM OLeHKN
CTEMNEHN BbIPaXEHHOCTN AaHHbIX CUMMTOMOB OBOHapY»XeHO, 4TO Bosbluas YacTb npenogasatenen (43,2%) okasanacb B
rpynne C BbICOKUM YPOBHEM MCUXO3MOLMOHANBHOMO BbIFOPaHUs. Y Kaxxoro BTOPOro npenogasatens HabmoaaeTcs HUSKUN
YPOBEHb MEANLIMHCKOM aKTUBHOCTW. [N NpodhunakTUKN CUHOPOMa SMOLMOHANBHOMO BbIrOPaHUst HEOOXOOMMO BHEAPEHME
MEPOMPUSATUI, HaNpPaBneHHbIX Ha (QOPMUPOBaHWE MO3UTUBHOW MEOULMHCKON aKTUBHOCTW, MOBbILLEHWE MEANLINHCKOM
rPaMOTHOCTU 1 BOCMIUTAHNE HaBbIKOB 300POBOr0 0bpasa >KM3HW.

KnioyeBble cnosa: npenogasaTtesb, CUHOPOM 3MOLMOHANBHOIO BbIropaHus, NpodeccnoHanbHas esTenNbHOCTb,
MeOMLIMHCKast akTUBHOCTb, MpodunakTuka
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Our everyday work affects our health and to a greater or
lesser extent shapes our lifestyle, mentality and personality
[1-3]. Extensive research into occupational risk factors reveals
the need for special measures aimed at preventing work-
associated health risks [4-6].

A lot of published articles focus on how work overload
affects the health of white-collar workers causing stress and
stress-related conditions [7, 8]. For example, a few research

studies have attempted to assess the impact of workload in an
optimized work environment [9]. Some authors have proposed
algorithms for improving the efficiency of intellectual labor and
ease its burden based on cognitive semantics [10].

A number of authors have studied the occupational health
of teachers. It has been shown that many teachers suffer
from chronic diseases, but only 2 in 3 teachers undergo
regular medical checkups [11, 12]. The most common chronic
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disorders observed in teachers are hypertension, chronic
laryngotracheitis, and varicose veins. Among the most prevalent
acute conditions are respiratory infections, laryngitis, and acute
laryngotracheitis. Many of these diseases are occupational and
can be caused by voice overuse and serious psychological and
emotional strain.

There are a lot of stressors intrinsic to the teaching job
ensuing from the necessity to always be in contact with
students encouraging them to acquire new knowledge and
build professional skills. The teacher guides the student in his/
her intellectual and emotional pursuits. In its essence, teaching
is all about interacting with people, understanding them and
helping them to channel their efforts towards achieving the
goals set by the society and the state [13].

The modern teacher goes through a lot of stress trying
to solve problems arising from the interaction with their
colleagues, students and administrative staff. Stress affects
the quality of teachers’ work, their personality, relationships
with colleagues, and takes a huge toll on his/her professional
and private life. Working with people demands professional
expertise, knowledge of psychology and sociology; it also
poses a high risk of emotional distress and can eventually lead
to the symptoms of emotional burnout.

The burnout syndrome (BS) is the body’s response to long-
term exposure to occupational stress factors. The term “staff
burnout” was first used in 1974 by the American psychiatrist
H. J. Fruedenberger to describe the emotional state of healthy
individuals who were in long, close contact with emotionally
unstable clients and patients. Fruedenberger saw this syndrome
as a complex psychophysiological phenomenon implicated
in emotional, mental and physical exhaustion that manifests
itself as depression, fatigue, a feeling of being drained, a lack
of energy and enthusiasm, an inability to value one’s own
accomplishments and achievements, poor workplace morale,
and dissatisfaction with life [14, 15]. The social psychologist
K. Maslac describes this syndrome as physical and emotional
exhaustion characterized by low self-esteem, negativity, a lack
of understanding and empathy to clients and patients. BS
is amechanism of psychological defense based on the complete
or partial emotional withdrawal in response to a traumatic event [16].

The literature does not provide information about BS in
teachers working for higher educational institutions, its causes
and the impact it has on teachers’ health. The aim of this study
was to identify and investigate the symptoms of BS in humanities

OPUIMMHAJIbHOE NCCJIEQOBAHWNE | TUTVMIEHA N1 MTPODUITAKTUKA

teachers employed by higher educational institutions and to
propose measures for preventing the negative impact of BS
on health.

METHODS

To study BS manifestations and its effect on health, we
recruited 1,489 teachers of both sexes aged from 25 years
and older who had been working in their current jobs for at
least 5 years. The participants were asked to anonymously
fill out and immediately submit an electronic questionnaire
containing 85 questions devised to assess their professional
skills, psychological state and the severity of BS symptoms.
Health-related information was obtained by analyzing sickness
leaves. Statistical processing included calculation of means and
mean errors, intensive and extensive variables and their errors,
comparison of relative values, computation of confidence
intervals and Pearson’s correlation coefficients.

RESULTS

Among the teachers working for higher educational institutions
the most common BS symptoms were fatigue, headache,
chest or back pain, excess weight, low productivity, bad
memory, difficulty concentrating, and sleep problems (Table 1).

On average, every teacher had 4 to 5 symptoms of burnout.
Almost every second teacher complained of fatigue, headache,
excess weight and sleep problems.

All symptoms typical for BS were rated by the participants
depending on how pronounced they were on the scale of O
(no symptoms) to 5 (severe symptoms). The minimum score
was 6 points, the maximum score was 40 points. Depending
on the total score, the teachers were distributed into 3 groups:
mild burnout (0-12 points), moderate burmout (13 to 26 points), and
severe burnout (27 to 40 points). Details are provided in Table 2.

The above listed symptoms of BS are often preceded by
emotional distress. In our study almost every second teacher
was emotionally labile (46.8%), moody, irritable, anxious,
and had difficulty concentrating. About one in 3 teachers
complained of feeling unwell. On average, every teacher had 1
or 2 symptoms indicative of emotional distress.

The comparative analysis of questionnaires revealed that
teachers with severe BS complained of negative emotional
symptoms more often than other participants (Table 3).

Table 1. Burnout symptoms in the teachers working for higher educational institutions

Ne Burnout symptoms Incidence per 100 participants
1 Fatigue 67.4
2 Chest or back pain 64.2
3 Headache 62.4
4 Excess weight 58.1
5 Reduced productivity 53.2
6 Sleep problems 50.9
7 Bad memory. difficulty concentrating 49.5
8 Sleepiness at daytime 471

Table 2. Distribution of humanities teachers into groups based on the severity of burnout symptoms

Severity of burnout syndrome Points scored Percentage of participants, %
Mild >12 19.4
Moderate 13-26 37.4
Severe 27-40 43.2
Total 100
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In our study the sample was dominated by women (67.4%)
aged 51.4 + 0.7 years on average; 28.7% of the surveyed
teachers were younger than 40; 31.7% of teachers were older
than 60 years. The reported teaching experience was 23.1 + 0.4
years on average; 24.2% of the respondents had 10 years
of teaching experience while 36.4% of the respondents had
been teaching for over 30 years. The majority of the surveyed
teachers (62.4%) had only one job throughout their carrier.

The teachers older than 60 had BS symptoms more often
than their younger (< 40 years) counterparts. Older teachers felt
sleepiness at daytime, back and chest pains, and complained
of deteriorating memory, difficulty concentrating, fatigue, and
excess weight 2.8-2.4 times more often than other participants
(Table 4).

The analysis has revealed a direct correlation between
the symptoms of BS and the length of teaching experience
(r=0.576; m = = 0.034; p < 0.05) in the surveyed humanities
teachers. Individuals who had over 30 years of teaching
experience complained of SB symptoms more often than those
who had less than 10 years of experience (p < 0.05) (Table 5).

Apart from BS symptoms we analyzed the atmosphere in
the workplace and in the teachers’ families.

We have established that the atmosphere in the family
and in the workplace largely contributes to emotional burnout.
Among the stressors we accounted for were strong heavy
emotions, relationships with colleagues, students and relatives.

Every teacher was able to remember an episode in their
professional or private life that led to a stressful or hostile
atmosphere in the workplace or family. Among the most
commonly reported problems were family conflicts with a
spouse or relatives. One in five teachers had conflicts with
colleagues, administrative staff and students. One in every
five teachers reported a serious illness as a factor negatively
affecting their morale (Table 6).

The comparative analysis showed than the teachers
with severe BS symptoms reported stressors affecting the
atmosphere in the workplace or family more often than those
with mild symptoms of BS (Table 6).

The factors listed above contribute to psychological stress
and compromise teachers’ health.

Emotional burnout is a complex psychophysiological
phenomenon defined as emotional, mental and physical
exhaustion manifested as fatigue, depression, inability to notice
and value one’s own accomplishments and achievements,
negativity, and dissatisfaction with life.

To neutralize the effect of negative factors, a teacher has to
be able to switch off from work-related problems and engage
in other types of activities in leisure time.

Our study demonstrates that the considerable proportion
of teachers lack physical activity, eat unhealthy diet or take
their meals irregularly, do not watch their weight, and
use sleeping pills without doctor’s permission (Table 7).
Although the majority of the respondents had burnout
symptoms, only one in every 4 teachers sought medical advice
and only 39.6% of the respondents actually followed that
advice.

On average, every teacher demonstrated 4.27 + 0.32
signs of poor health awareness. The teachers with severe BS
symptoms showed 4.96 + 0.35 negative signs, while those in
the group with mild BS symptoms showed only 3.12 + 0.31
signs, which is significantly less.

The comparative analysis (Table 7) showed that the teachers
with severe burnout syndrome did not see a doctor 3.1. times
more often than others; slept less 1.9 times more often, took
medications without consulting a doctor 1.7 times more often,
did not watch their weight 1.5 times more often, tended to
lead a sedentary lifestyle 1.5 times more often; besides they
were not satisfied with night’s sleep quality and did not follow
medical advice.

The group with poor health awareness consisted of teachers
who demonstrated 6 or more such signs. Among the teachers
with severe symptoms of BS 68.5% demonstrated low
health awareness; among those with mild symptoms of
BS there were 1.9 more such individuals, which means that
their attitude to medicine and health in general needs to be
changed.

Table 3. Frequency of symptoms of psychoemotional distress in humanities teachers (per 100 participants)

Per 100 teachers
Symptoms of psychoemotional distress In total Severity of burnout syndrome Probap?gi(tj)i/c?if()ic;urate
mild severe
Emotional lability 39.3 29.8 38.8 <0.01
Unstable mood 37.3 27.2 37.4 <0.01
Reduced attention span 32.1 23.9 30.3 <0.05
Irritability 29.7 19.9 29.5 <0.01
Anxiety 24.2 15.9 225 <0.05
Feeling of unwellness 29.1 21.7 26.5 > 0.05

Table 4. Burnout symptoms in humanities teachers depending on their age

Incidence per 100 teachers
Ne Burnout symptoms Probability of accurate prediction p
< 40 years of age > 60 years of age
1 Fatigue 36.5 86.3 <0.01
2 Chest or back pain 32.1 84.3 < 0.01
3 Headache 42.9 69.9 <0.05
4 Excess weight 29.7 74.5 <0.01
5 Reduced productivity 33.8 60.6 <0.05
6 Sleep problems 34.9 54.9 <0.05
7 Bad memory, difficulty concentrating 24.3 62.7 <0.01
8 Sleepiness at daytime 21.6 60.6 <0.01
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DISCUSSION

In this work we attempted to study the symptoms of staff
burnout in the humanities teachers employed by higher
educational institutions. It has been established that about 2 in
every 3 teachers suffer from fatigue, regular pain in the chest
or back, and headaches. This leads to reduced productivity
in the workplace, deteriorating memory and the inability to
concentrate. Teachers often have sleep problems and complain of
daytime sleepiness. As a rule, such teachers (58.1%) are overweight.

The use of a scoring scale allowed us to distribute the
participants into 3 groups: severe symptoms of emotional
burnout (27 to 40 points), mild symptoms (0 to 12 points),
and moderate symptoms (13 to 26 points). Unfortunately, the
majority of the respondents (43.2%) constituted a group with
severe burnout syndrome. Only one in five teachers had mild
symptoms of this condition.

Analysis of the social and psychological background of the
teachers has revealed that our sample is dominated by women
aged 51.4 + 0.7 with a teaching experience of 23.1 + 0.4 years.
The majority of the teachers have had only one job in their
professional life. The burnout syndrome is more often observed
in the teachers older than 60 with a teaching experience of over
30 years.

OPUIMMHAJIbHOE NCCJIEQOBAHWNE | TUTVMIEHA N1 MTPODUITAKTUKA

A stressful atmosphere in the workplace or family also
contributes to the development of burnout symptoms. Every
teacher reported episodes that created a hostile or stressful
atmosphere in their families or workplace. However, the teachers
who suffered from severe BS symptoms reported stressful
atmosphere more often than those whose symptoms were mild.

Special attention should be paid to health awareness
demonstrated by the teachers. Almost every second teacher
with severe BS symptoms has a negative attitude to their
health. They lead a sedentary lifestyle, follow an unhealthy diet,
eat irregularly, do not have enough sleep, rarely consult a doctor
or follow medical advice, take unprescribed medications, and
are overweight. Considering the fact that staff burnout is a
sign of emotional, physical and mental exhaustion, we need to
neutralize the effect of negative factors and to promote health
awareness among teachers. The respondents demonstrate
poor health literacy (69.7%), a lack of motivation to lead a
healthy lifestyle (47.2%), poor knowledge of the roles of night’s
sleep quality (46.2%), physical activity (43.1%), and nutrition
(89.7%), unwilingness to consult their doctors (39.6%) or
follow medical advice (34.1%).

Preventive care should be provided by medical personnel
and aim at improving health literacy, stimulating teachers to
change their attitude to health and follow medical advice.

Table 5. Burnout symptoms in humanities teachers depending on their teaching experience

Incidence per 100 teachers Probability of accurate
Ne Burnout symptoms e
Less than 10 years of teaching experience | Over 30 years of teaching experience prediction p

1 | Fatigue 29.2 90.6 < 0.001
2 | Chest or back pain 27.9 85.5 < 0.001
3 | Headache 34.1 75.7 <0.05
4 | Excess weight 19.6 81.6 < 0.001
5 | Reduced productivity 32.8 58.6 <0.05
6 | Sleep problems 35.1 51.7 <0.05
7 | Bad memory, difficulty concentrating 23.4 60.6 <0.01
8 | Sleepiness at daytime 21.8 57.4 <0.01

Table 6. Stressors in the workplace or family per 100 teachers

Ne Stressors in the workplace or family Incidence per Burnout syndrome Probability O.f accurate
100 teachers Severe Mild prediction p

1 Frequent conflicts with a spouse 25.5 36.2 14.7 <0.01

2 Frequent conflicts with close relatives 24.7 36.4 12.9 <0.01

3 Frequent conflicts with colleagues or administrative staff 21.6 29.2 13.9 <0.01

4 Frequent conflicts with students 21.2 31.9 104 < 0.01

5 Health problems 20.8 32.7 8.9 <0.01

6 Serious illness or death of a close friend/relative 15.2 18.6 11.8 <0.05

Table 7. Health awareness in the surveyed teachers (per 100 respondents)
Ne Health awareness In total Bumout symdrome Probability O.f aceurate
Severe Mild prediction p

1 Sedentary lifestyle 64.9 721 52.7 <0.01

2 Unhealthy or irregular diet 571 66.4 42.8 < 0.01

3 Overweight 56.4 64.9 42.9 < 0.01

4 Dissatisfaction with sleep quality 54.7 60.7 43.7 < 0.01

5 No intention to normalize weight 47.3 54.7 34.9 <0.01

6 Lack of night’s sleep 46.8 58.2 30.4 < 0.01

7 Adherence to medical advice 39.6 43.6 30.6 <0.01

8 Use of sleeping pills 37.2 441 25.3 <0.05

9 Seeing a doctor due to health problems 23.4 31.7 10.1 < 0.01
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Because the significant role in BS development is played

by the psychological and emotional state, psychologists should
be also involved in providing care for teachers employed by
higher educational institutions.

CONCLUSIONS

More than half of the humanities teachers employed by higher
educational institutions have symptoms of emotional burnout,
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IDENTIFICATION OF DISTRICTS AT RISK OF NUTRIENT-RELATED
DISEASES BASED ON THE LOCAL DIET
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The growing incidence of nutrient-related diseases is a global challenge. The aim of this work was to study consumption
of staple food products and to estimate the incidence of nutrient-related diseases in Voronezh region. Food consumption
was analyzed from the reports of the local branch of the Federal State Statistics collected over two 5-year periods (1995—
1999 and 2012-2016). The incidence of nutrient-related diseases was estimated based on the reports providing information
about patients’ visits to healthcare facilities. The districts of Voronezh region were assigned to 5 ranks. Over the studied
periods, the population of Voronezh region considerably changed its diet: consumption of fish and seafood, fresh fruits, meat,
vegetables, gourds and melons, eggs, vegetable oil, milk and dairy products per person increased significantly. At the same
time, consumption of sugar, breads and potatoes still exceeds the recommended intake 1.42-2.04-fold, which means that the
main component of the diet is carbohydrates. We observed a significant 4.5-fold increase in obesity incidence, a 1.8-2.0-fold
increase in the incidence of anemia and endocrine disorders and a 1.2 increase in the incidence of gastrointestinal diseases.
In terms of prevention measures, the priority should be given to areas at a high risk of nutrient-related diseases.
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ONPEOENEHUE TEPPUTOPUIN PUCKA NO YPOBHKO AJIMMEHTAPHO-
3ABUCUMbIX SABEOIEBAHUIN C YYETOM PEMMOHANBbHBIX
OCOBEHHOCTEWN CTPYKTYPbl MUTAHUSA HACENEHUA

H. FO. Camopnyposa', H. M. Mamuuk’, A. B. VictomnH?™, O. B. Knenunkos?, I'. . CokoneHko*

" BOPOHEXCKMIA rOCYAapCTBEHHbI MEAULMHCKUIA YHUBEPCUTET nMenHn H. H. BypaeHko, BopoHexx
2 depepanbHblin Hay4HbIN LIEHTP rurvensl uveHn ®. ®. Spucmana, Mbituim

S LleHTp rirvieHbl v anuaemmnonorum B BopoHexxkckor obnactu, BopoHex

4 BOPOHEXCKMIA rOCYdapCTBEHHbIN arpapHbIii YHUBEPCUTET UMeHw MNeTpa |, BopoHex

[Mpobnema pocTa ypoBHS alIMMEHTaPHO-3aBMCHMbIX 3a60/1EBaHMN B HACTOSILLIEE BPeEMS MEET rnobasibHble MacluTadbl. Liensto
1ccrnefoBaHNs Oblv U3yHYeHre YPOBHSA MOTPEONEHWSI OCHOBHBIX MPOAYKTOB MUTaHWSt M OLEHKa MokasaTteniei anMMeHTapHO-
3aBUCKMbIX 3aboneBaHUi HaceneHus BopoHexxckolr obnactu. banaHc noTpebneHns NpoayKToB MUTaHUS U3ydanu Mo
[OaHHbIM TeppUTOPUAaNbBEHOMO YrpaeneHnst PoccTtaTa no BopoHexxckon obnacTu 3a apa NATuneTHnx neproaa (1995-1999 rr. n
2012-2016 rr.). AHanM3 anMMeHTapHO-3aBMCKMON 3a601eBaeMOCTY BbINOHSAMN MO AaHHbIM 06palLlaeMOCTV HaceneHus 3a
MeOMLMHCKOW MOMOLLBIO C MOCNEAYOLLMM PaH>XMPOBaHMEM MoKasaTenein Ha OTAENbHbIX TEPPUTOPUSX Ha NATb YPOBHEN. 3a
[0Ba NATUNETHNX NepUoAa NPOU3OLLIIM CYLLIECTBEHHbIE USMEHEHVIS B XapaKTepe MUTaHWs: yBENUHUIOCH NOTPebeHNe B pacHeTe
Ha OJIHOrO »KUTENst PbI6ONPOAYKTOB, CBEXMX (DPYKTOB, MsACa 1N MSACHBIX MPOAYKTOB, OBOLLEN 1 Hax4eBbIX, SWLL, PACTUTENBHOMO
Macna, MoJioka 1 MOJO4YHbIX MPOAYKTOB. BMecTe ¢ Tem HabniogaeTcs 13bbITo4HOe NOTpebnenne caxapa, XNebHbIX MPOaYKTOR,
kapToens — oT 1,42 no 2,04 pas, 4To CBMAETENLCTBYET O npeobnagaHn B pauuyoHe yrmeBoaHOM cocTaBnstollen. Mo
pesynsTatam OLEHKW, OTMeYaeTcsi OOCTOBEPHOE YBEeNMYeHWe nokasaTenein 3aboneBaeMocT OXupeHveMm ao 4,5 pas,
aHemuen, 6oNes3HaIMM SHOOKPUHHOM ccTeMbl (B 1,8—-2 pasa) 1 6onesHaMM opraHoB nuLLeBapeHus (B 1,2 pasa). MNpropuTeThbl
B NPOdV1NaKkTVKe anMMeHTapHO-3aB1UCUMON 3a601eBaEMOCTU AOMKHbI OblTb OTAaHb!I TEPPUTOPUSIM pUCKA.

KntoueBble cnosa: C6aﬂaHCI/IpOBaHHOCTb nMTaHuaA, almiMMeHTapHO-3aBNCMOe 3abonesaHue, CTPYKTYpa nnTaHnA
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The growing incidence of nutrient-related diseases is a
global challenge. The majority of developed countries,
including Russia, are addressing it at the statewide level [1].
Understanding the causes of nutrient-related diseases and
assessing their incidence are important tasks that public
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health monitoring and the risk-based approach to sanitary-
epidemiological surveillance are expected to solve [2]. The
results of data analysis and public health risk assessment
are indicative of the growing incidence of nutrient-related
diseases in some Russian regions, such as Samara
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region [3], the Republic of Tatarstan [4], and the North of
Russia [5].

The risk of developing a nutrient-related disease is especially
high in certain cohorts of the population and certain regions, as
shown by focused research. For example, questionnaires filled
in by university students and their food records reveal that a
combination of a poor diet, hereditary predisposition and an
unhealthy lifestyle leads to anemia, obesity and type 2 diabetes
mellitus [6]. Another research work demonstrates that industrial
workers of the Arctic region are at increased risk of developing
health problems because of their imbalanced diet [7]. A similar
problem exists in the former USSR states. A study that included
over 3,000 people residing in the towns and villages of Central
and East Kazakhstan has revealed insufficient energy content
in their daily meals (12-19%), low intake of vitamins C, B1, B2,
and niacin (47-73% of the recommended daily dose) and deficit
of retinol and tocopherol (50%) [8].

Nutrient-related morbidity varies across different Russian
regions, necessitating research into regional nutritional patterns
[9, 10]. Regional studies will help to elaborate measures aimed
at providing the population with a balanced diet, ensuring
adequate food quality control and preventing nutrient-related
diseases [11].

The aim of this work was to study consumption of staple
food products and assess the incidence of nutrient-related
diseases in Voronezh region.

METHODS

The study was conducted in 32 districts of Voronezh region
populated by 2.3 million people. Reports on the consumption
of different food products collected over two 5-year periods
(1995-1999 and 2012-2016) were provided by the local
branch of the Federal State Statistics and reflected quantitative
and qualitative changes in the consumption of 10 staple food
categories: breads; potatoes; vegetables, melons and gourds;
fresh fruits; sugar; meat; seafood and fish; milkk and dairy
products; eggs; vegetable oil. The data were compared with
the values specified in the Recommended rational norms of
food consumption that meet modern nutritional requirements
(Order 614 of the Ministry of Health of the Russian Federation
dated August 19, 2016).

The incidence of nutrient-related diseases was estimated
from the data supplied by the Federal State Statistics Service
(report form 12 providing information about the incidence of

diseases registered in patients residing in healthcare service
areas) collected from 1995 through 1999 and from 2012
through 2016. The data were analyzed in Statistica 6.0 and
Microsoft Office (Excel).

To rank the average long-term incidence of nutrient-related
diseases, we applied an algorithm determining the upper and
lower values for this parameter based on its average value in the
studied region (M) and mean square deviation (0); the obtained
data were distributed into 5 sets. Values falling into the first set
were ranked as low (M — o and lower); in the second set, below
average (from M — o to M — 0.50); in the third set, average (from
M - 0.50 to M + 0.50); in the fourth set, above average (from
M + 0.50 to M + 0); and in the fifth set, high (M + o and above).
Regions with high long-term incidence (rank 5) were considered
to be at risk.

RESULTS

The analysis of data on the consumption of staple food
products in Voronezh region in 1995-1999 and 2012-2016
revealed considerable changes in the diet of its population
(Table 1). Consumption of fish and seafood per one person
(kg/year) increased 3.14-fold; fresh fruits, 2.0-fold; meat and
dairy products, 1.93-fold; vegetables, melons and gourds,
1.63-fold; eggs, 1.44-fold; vegetable oil, 1.36-fold; milk and
dairy products, 1.13-fold. At the same time, consumption
of potatoes and breads slightly decreased, while sugar
consumption remained stable (49 kg per 1 person a year).

The population of Voronezh region consume 2.04 times
more sugar than is recommended and 1.42 times more bread.
At the same time, their diet lacks high biological value foods,
such as milk and dairy products (sour cream, butter, cottage
cheese, cheese, kefir and yoghurt), constituting only 83% of the
recommended amount (i.e., consumption of these products is
1.21 times lower than it should be). Being an important source
of vitamins and minerals, vegetables included in the population
diet, such as cabbages, carrots, beetroot, onions, tomatoes,
cucumbers, bell peppers, courgettes, green salads, etc.,
constitute only 92% of the advised intake (their consumption
is 1.8 times lower than the recommended amount); fresh fruits,
such as apples, pears, grapes, and citrus fruits, make only 75%
of the advised intake (their consumption is 1.33 times lower
than the recommended amount). This leads us to conclude
that the main component of the diet in Voronezh region is
carbohydrates.

Table 1. Consumption of staple foods in Voronezh region in 1995-1999 and 2012-2016 (per one person, kg/year)

gy s i
1995 | 1996 | 1997 | 1998 | 1999 2012 | 2013 | 2014 | 2015 | 2016
Breads 9 137 | 137 | 138 | 142 | 142 139 136 | 136 | 137 | 137 | 135 136
Potatoes 90 122 | 115 | 137 | 141 | 141 131 126 | 127 | 127 | 127 | 127 127
Zﬁgeszz':jss 140 79 76 77 81 83 79 127 | 129 | 130 | 130 | 130 129
Fresh fruits 100 39 40 38 43 | 22 36 74 | 76 | 75 | 74 | 74 75
Sugar 24 46 49 50 50 | 50 49 48 | 47 | 49 | 50 | 52 49
Meat 73 53 46 45 44 | 43 46 83 | 91 | 89 | 90 | o2 89
Fish 22 7 8 7 6 6 7 22 | 22 | 23 | 23 | 22 22
Z";'i‘:ya;g ducts 325 255 | 227 | 238 | 238 | 237 239 267 | 269 | 270 | 270 | 271 269
Eggs 260 246 | 242 | 233 | 222 | 223 233 320 | 334 | 338 | 338 | 339 336
Vegetable oil 12 11 11 10 11 11 11 15 | 15 | 15 | 15 | 16 15
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Imbalanced diet and negative environmental factors
increase the risk of nutrient-related diseases. When comparing
their long-term incidence in the two studied 5-year periods, we
established that incidence per 1,000 population had increased
1.2-4.5-fold for almost every class of nutrient-related diseases
except for peptic ulcers. The most significant 4.5-fold increase
was observed for obesity (Table 2).

Using the data that describe the average long-term
incidence of nutrient-related diseases in Voronezh region, we
built a 5-level scale to rank its districts accordingly (Table 3).

Long-term  statistics collected over 2012-2016
demonstrated that the incidence rate of diseases affecting blood
and hematopoietic organs was 17.1 + 1.22 cases per 1,000
population; anemia was diagnosed in 3.7 + 0.26 individuals
per 1,000 population. On the whole, this pathology tended
to increase in incidence (R? = 0.829). The same situation was
observed in some relatively “healthy” districts belonging to rank
1 (0.6-2.2 cases per 1,000 population): Nizhnedevitsky district
had 1.6 cases per 1,000 population (the incidence growth rate
was 111.0%); Verkhnekhavsky district had 1.4 cases per 1,000
population (the growth rate was 241.6%); in Khokholsky district
1.4 cases per 1,000 population were registered (the growth
rate was 295.7%); in Ternovsky district, 0.6 cases per 1,000
population (the growth rate was 83.0%). Among the districts
at risk of anemia (rank 5, 4.7-6.8 cases per 1,000 population)
were Bogucharsky, Verkhnemamonsky and Kalacheevsky,
exhibiting a slower growth rate (minus 33.3%, 11.9% and
30.8%, respectively) and the highest incidence rates of 4.7, 6.3
and 6.8 cases per 1,000 population, respectively.

Our analysis revealed that the incidence rate of endocrine
diseases in Voronezh region had been gradually increasing
since 2012 reaching its maximum in 2015 (73.3 cases per 1,000
population); their average long-term incidence was 69.3 + 5.93
cases per 1,000 population. Five districts were ranked as high-
risk areas (77.9-110.3 cases per 1,000 population), including
Bobrovsky (110.3 cases per 1,000 population), Ramonsky (89.2
cases per 1,000 population), Pavlovsky, (81.4 cases per 1,000
population), Podgorensky (81.2 cases per 1,000 population),
and Olkhovsky (80.1 cases per 1,000 population).
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Obesity rates remained stable in only 8 districts of 32:
Bobrovsky,  Borisoglebsky,  Buturlinovsky,  Vorobiovsky,
Kalacheevsky, Novousmansky, Paninsky, and Talovsky.
Among the districts ranked as high-risk (13.7-26.5 cases per
1,000 population) were Kashirsky with 26.5 cases per 1,000
population (the growth rate of 637.5%), Verkhnekhavsky with
20.3 cases per 1,000 population (the growth rate of 245.0%),
Ternovsky with 17.5 cases per 1,000 population (the growth
rate of 394.1%), Ramonsky with 17.2 cases per 1,000
population (the growth rate of 133.4%), Bobrovsky with 17.1
cases per 1,000 population (the growth rate of 118.4%), and
Khokholsky with 16.9 cases per 1,000 population (the growth
rate of 710.5%).

At present, the average long-term incidence of
gastrointestinal diseases in Voronezh region is 97.4 + 4.91 cases
per 1,000 population showing a strong tendency to increase
(R?>=0.927). Among the districts assigned to rank 5 on our scale
(129.8-212.9 cases per 1,000 population) are Repievsky with
212.9 cases per 1,000 population, Povorinsky with 182.9 cases
per 1,000 population and Talovsky with 172.1 cases per 1,000
population. The lowest incidence (rank 1, 46.1-54.7 cases per
1,000 population) was observed in Verkhnekhavinsky (46.1
cases per 1,000 population), Olkhovsky (52.9 cases per 1,000
population) and Ertilsky (63.5 cases per 1,000 population).

Comparison of the two studied 5-year periods revealed
that the incidence rate of peptic ulcers tended to decrease
from 15.5 + 0.03 to 12.9 + 0.13 cases per 1,000 population
(which is by 17%). Nonetheless, 4 regions were still assigned
to rank 5 (the highest incidence) based on the average long-
term disease incidence (2012-2016): Kalacheevsky with
28.2 cases per 1,000 population, Talovsky with 21.8 cases
per 1,000 population, Kantemirovsky with 21.7 cases per
1,000 population, and Ternovsky with 17.8 cases per 1,000
population. But on the whole, in spite of high long-term growth
rates, the incidence is decreasing.

Districts with the lowest incidence rates assigned to rank 1
included Verkhnekhavsky, Nizhnedevitsky and Repievsky
(6.7-8.5 cases per 1,000 population) and showed an alarming
trend: they exhibited the highest growth rate of peptic ulcer

Table 2. Average long-term incidence of nutrient-related diseases in Voronezh region per 1,000 person, M + m

Average long-term incidence Increase (+) or
Classes/nosological categories decrease (-)

1995-1999 2012-2016 (-fold)
Diseases of blood/hematopoietic organs (in total) 9.8 + 0.91 16.1 +1.22 +1.6
Anemia 2.0+ 0.03 3.7 £ 0.26 +1.8
Endocrine disorders (in total) 33.3 +0.36 69.3 + 5.93 +2.0
Obesity 2.5 +0.04 11.3 +2.58 +4.5
Diseases of the gastrointestinal system (in total) 78.6 + 0.22 97.4 + 4.91 +1.2
Peptic ulcers 15.5 +0.08 129 +0.13 -0.8
Gastritis and duodenitis 15.1 + 0.06 21.9+1.08 +1.5

Table 3. District of Voronezh region ranked based on the incidence of nutrient-related diseases (upper and lower incidence values per 1,000 person)

Nosological categories Rank 5 (high) Rar;l\(/:rézt;;)ve Rank 3 (average) Razt;;g:;ow Rank 1 (low)
Diseases of blood/hematopoietic organs (in total) 22.3-25.7 20.3-22.2 14.2-20.3 8.1-14.1 4.6-14.0
Anemia 4.7-6.8 3.9-4.6 2.4-3.8 1.6-2.3 0.6-2.2
Endocrine disorders (in total) 77.9-110.3 68.9-77.8 51.1-68.8 42.1-51.0 26.4-42.0
Obesity 13.7-26.5 10.9-13.6 5.3-10.8 2.5-5.2 0.5-24
Diseases of the gastrointestinal system (in total) 129.8-212.9 110.9-129.7 73.5-110.8 54.8-73.4 46.1-54.7
Peptic ulcers 17.8-28.2 15.5-17.7 10.9-15.4 8.5-10.8 6.7-8.4
Gastritis and duodenitis 29.4-47.8 24.8-29.3 15.6-24.7 11.1-15.5 4.1-11.0
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incidence in 2012-2016 (63.93%, 68.04% and 139.04%,
respectively).

The average incidence of gastritis and duodenitis in
Voronezh region is 21.9 + 1.1 cases per 1,000 population;
in 2012-2016 its growth rate was 16.6% (R? = 0.879). A few
regions were assigned to rank 5 (29.4-47.8 cases per 1,000
population), including Talovsky with 47.8 cases per 1,000
population (the growth rate of 4.7%), Kamensky with 39.7 cases
per 1,000 population (the growth rate of 6.8%), Repievsky with
32.6 cases per 1,000 population (the growth rate of 33.8%),
Vorobievsky with 30.31 cases per 1,000 population (the growth
rate of 100.1%), and Nizhnedevitsky with 29.5 cases per 1,000
population (the growth rate of 12.9%). The lowest incidence
(rank 1) was observed in Verkhnekhavsky, Kashirsky, Liskinsky,
and Paninsky districts (4.1-11.0 cases per 1,000 population),
but the growth rate in these districts was the highest (60.02-
203.21%).

DISCUSSION

The selective analysis of data on the consumption of staple
food products in Voronezh region collected in 1995-1999 and
2012-2016 demonstrates considerable changes in the local
diet: increasing intake (per 1 person) of fish and seafood, fresh
fruits, meat, vegetables, melons and gourds, eggs, vegetable
oil, milk and dairy products. However, consumption of sugar,
breads and potatoes is well above the norm (1.42-2.04-fold),
meaning that the diet is still dominated by carbohydrates.

A similar study was carried out in the northern regions
of Russia demonstrating that their population follows an
imbalanced diet poor in meat, fish, seafood, milk and dairy
products, unsaturated fat and rich in saturated fat and breads
[5]. The populations of the North of Russia and Voronezh region
have been sharing the same trend for many years consuming
too much breads [12].

Over the two 5-year periods studied in this work the
population of Voronezh region has been showing a 4.5-fold
increase in obesity incidence, a 1.8-3-fold increase in the
incidence of anemia and endocrine disorders and a 1.2-fold
increase in the incidence of gastrointestinal diseases in the
backdrop of imbalanced diet. These troubling trends have been

References

7. Kim MN. Tendencii razvitija alimentarno-zavisimyh zabolevanij i
rol' funkcional'nyh produktov v profilaktike zabolevanij. Evrazijskij
sojuz uchenyh. 2016; 1-2 (22): 65-8.

2. Popova Adu, Zajceva NV, Maj IV. Opyt metodicheskoj podderzhki
i prakticheskoj realizacii risk-orientirovannoj modeli sanitarno-
jepidemiologicheskogo nadzora: 2014-2017 gg. Gigiena i
sanitarija. 2018; 97 (1): 5-9.

3. Sergeeva NM, Cunina NM, Afanaseva NJu, Zhernov JuV,
Ajupova LV. Rezul'taty izuchenija jendemicheskoj patologii,
svjazannoj s alimentarnym faktorom. Zdorov'e naselenija i sreda
obitanija. 2015; 1 (262): 6-11.

4. Frolova OA, Tafeeva EA, Frolov DN, Bocharov EP. Alimentarno-
zavisimye zabolevanija naselenija i gigienicheskaja harakteristika
faktorov riska ih razvitija na territorii Respubliki Tatarstan. Gigiena i
sanitarija. 2018; 97 (5): 470-3.

5. Gogadze NV, Turchaninov DV, Junackaja TA, Vi'ms EA,
Sohoshko IA. Gigienicheskoe obosnovanie sovershenstvovanija
sistemy nadzora za pitaniem i profilaktiki alimentarno-zavisimyh
zabolevanij v Severnom regione Rossii. Sovremennye problemy
nauki i obrazovanija. 2014; (6): s. 1129.

6. Melnikova MM. Nesbalansirovannoe pitanie kak faktor riska
razvitija alimentarno-zavisimyh zabolevanij. Vestnik Novosibirskogo

highlighted in the works of some authors who studied nutrition
and nutrient-related diseases and are typical for students who
do not follow a balanced diet and do not have their meals
regularly [13].

The study of the factors affecting the adaptation reserve
of teenagers residing in the High North and the central part
of Russia revealed changes in their immune status and blood
chemistry caused by imbalanced diet; adaptive stress response
was more pronounced in the teenagers of Russia’s High North [14].

The growing incidence of nutrient-related diseases prompts
the development of prevention measures and innovative
approaches to food quality monitoring in the Russian Federation [15].

The incidence ranking for the districts in Voronezh region
and identification of areas at risk are just the first step towards
finding a solution to a problem of providing the population with
safe quality food. We believe that priority in the prevention of
nutrient-related diseases should be given to areas at risk. The
diet offered to organized groups should include (if appropriate)
products with a strong positive effect on health, as well as those
boosting natural immunity [16]. Certain legal and technical
aspects of specialized food production should also be improved
[17]. So far, a few successful projects have been implemented
in Voronezh region aimed at preventing iodine and fluorine
deficiencies [12], reducing the level of food contamination
based on the investigation of the associations between food
quality and free radical oxidation [18]. At the same time, the
problem of proper nutrition is complex and necessitates further
elucidation of many of its aspects.

CONCLUSIONS

This study shows that the diet of the Voronezh region population
is characterized by excess consumption of carbohydrates
(breads and potatoes) and the lack of foods with high biological
value (milk and dairy products, fresh fruits and vegetables).
The incidence of nutrient-related diseases, such as endocrine
disorders, obesity, and gastrointestinal diseases, is growing in
the backdrop of imbalanced nutrition.

Our findings allowed us to identify the areas at risk of
nutrient-related diseases and can be used to optimize the
composition and quality of population diets.

gosudarstvennogo pedagogicheskogo universiteta. 2014; 1 (17):
197-202.

7. Nikanov AN, Talykova LV, Bykov VR, Tabarcha Ol. Vljanie
lechebno-profilakticheskih  napitkov na mineral'nyj obmen
promyshlennyh rabochih Arkticheskoj zony Rossijskoj Federacii.
Vestnik Kol'skogo nauchnogo centra RAN. 2017; (4): 113-8.

8. Ahmetova SV, Terehin SP, Nazar DK, Ashimova SK, Sejlhanova ZhA,
Mhitarjan KJe. i dr. Osobennosti pitanija lic s riskom razvitija
neinfekcionnyh  alimentarno-zavisimyh  zabolevanij.  Voprosy
pitanija. 2015; 84 (5): s. 14.

9. Vtorushina AV. Regional'nye osobennosti stanovlenija obshhestva
potreblenija v Rossii: analiz struktury pitanija. Zhurnal sociologii i
social'noj antropologii. 2011; 14. (5): 252-9.

70. Gosudarstvennyj doklad «O sostojanii sanitarno-
jepidemiologicheskogo blagopoluchija naselenija v Rossijskoj
Federacii v 2017 godu». M.: Federal'naja sluzhba po nadzoru v
sfere zashhity prav potrebitelej i blagopoluchija cheloveka, 2018.

11. Perekusihin MV, Vasil'ev VV. Ocenka kachestva i bezopasnosti
prodovol'stvennogo syr'ja i pishhevyh produktov, pitanija
naselenija v sisteme social'no-gigienicheskogo monitoringa i
obespechenija zdorov'ja. Medicina truda i jekologija cheloveka.
2015; (4): 264-9.

BECTHVK PIrMY | 5, 2018 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | HYGIENE AND EPIDEMIOLOGY

12.

13.

14.

15.

Rosljakova EV, Chubirko MI, Pichuzhkina NM, Masajlova LA.
Rol' faktorov sredy obitanija v formirovanii riska joddeficitnyh
zabolevanij. Zdravoohranenie Rossijskoj Federacii. 2009; (3): 48-50.
Suvorova AA, Suhanova DN, Muhitova MdJe. K voprosu o
racional'nom pitanii  molodezhi. Sovremennye nauchnye
issledovanija i razrabotki. 2016; (3): 393-5.

Krjuchkova EN, Istomin AV, Saarkoppel LM, Jacyna IV.
Determinanty adaptacionnyh rezervov organizma podrostkov
razlichnyh regionov. Zdravoohranenie Rossijskoj Federacii. 2017;
61 (3): 143-7.

Tutelian VA, Nikitjuk DB, Hotimchenko SA. Normativnaja baza
ocenki kachestva i bezopasnosti pishhi. Rossijskij zhurnal
vosstanovitel'noj mediciny. 2017; (2): 74-120.

Jlutepatypa

1.

Kum M. H. TengeHUUM pasBuTUa anvMeHTapHO-3aBUCUMbIX
3aboneBaHMn 1 ponb  (PYHKUMOHANBHBIX  MPOAYKTOB B
npounaxkTke 3abonesaHnin. EBpasuinckiii cotoa y4eHbix. 2016;
1-2 (22): 65-8.

Monoga A. tO., 3anuesa H. B., Man . B. OnbiT MeTogn4eckom
NOOAEKKN U MPAKTUHECKON peandauim PUCK-OPUEHTNPOBAHHON
MOLENM CaHUTaPHO-3MMOEMNONOrMHECKOro Haasopa: 20142017 .
MrueHa n canntapua. 2018; 97 (1): 5-9.

Cepreesa H. M., LlyHnHa H. M., AdaHackesa H. 0., XKeprog O. B,
Atorosa J1. B. Pegynstarbl n3y4eHns SHAEMNHECKON NaTonorum,
CBSA3aHHOW C alIMMEHTapHbIM (PaKTOPOM. 300POBbE HACENEHNS U
cpepna obutaHus. 2015; 1 (262): 6-11.

®ponosa O. A., Tadeesa E. A., ®pornos [. H., Boyapos E. I1.
ANVMEHTapHO-3aBNCKMbIE 3abonesaHVs HaceneHna n
TUIVEHNYECKAs XapaKTePUCTKa (haKTOPOB pUCKa VX PasBuUTVSA
Ha Tepputopun Pecnybnvkn TatapcTaH. [MrneHa v canutapus.
2018; 97 (5): 470-3.

foragse H. B., TypyanuHoB [. B., FOHaukasa T. A., Bunemc E. A.,
Coxowko V. A. TnrneHn4eckoe 060CHOBaHME COBEPLLIEHCTBOBAHNA
CMCTEMbI HaA30pa 3a MUTaHEM 1 MPOMUNAKTUKA JTMMEHTaPHO-
3aBuCUMbIX 3aboneBaHnn B CeBepHOM pervioHe Poccuu.
CoBpeMeHHble Mpobnembl Haykn 1 obpasosarus. 2014; (6): c.
1129.

MenbHukoBa M. M. HecbanaHcnpoBaHHOE NiuTaHre Kak (hakTop
pyucka  pasBUTUS  alIMEHTApPHO-3aBUCKMbIX  3a001EeBaHIN.
BecTHVK HOBOCMBMPCKOro rocydapCTBEHHOMO NMeaarorm4eckoro
yHuBepcuTeTa. 2014; 1 (17): 197-202.

Hukanos A. H., Tanbikosa J1. B., Beikos B. P., Tabapya O. V.
BrvsHne neqebHO-NpodhmnnakTUHeCcKIX HaMMTKOB Ha MUHEPaTbHbIN
OBMEH MPOMBILLNEHHBIX PaboUMX APKTNHECKO 30HbI Poccuinckon
Pepepauym. BeCTHVK Kombckoro Hay4Horo LeHtpa PAH. 2017;
(4): 113-8.

Axmetosa C. B., Tepexun C. 1., Hazap [. K., Awmmosa C. K,
CennxaHosa XK. A., MxutapsH K. 3. n gp. OcobeHHOCTV nuTaHns
JUL C PUCKOM Pa3BUTUS  HEVHMEKLIMOHHBIX  alIMMEHTapHO-
3aBUC1MbIX 3abonesaHuin. Bonpocsk! nutaHns. 2015; 84 (5): ¢. 14.
BropywmHa A. B. PervioHanbHble OCOGEHHOCTM CTaHOBNEHUS
obLecTsa noTpebnerns B Poccun: aHanna CTPyKTypbl MATaHUS.
PKypHan coumonormm n coupmansHon antpornonoruv. 2011; 14.

BULLETIN OF RSMU | 5, 2018 | VESTNIKRGMU.RU

16.

17.

18.

10.

11.

12.

13.

14.

15.

17.

18.

Manzhesov VI, Maksimov IV, Uhina EJu., Rjazanceva AO,
Kurchaeva EE. Razrabotka produktov napravlennogo dejstvija
na osnove kompleksnogo ispol'zovanija biomodificirovannogo
vtorichnogo mjasnogo i rastitel'nogo syr'ja. Tehnologii i
tovarovedenie sel'skohozjajstvennoj produkcii. 2018; 1 (10): 121-8.
Tuteljan VA, Zhilinskaja NV, Sarkisjan VA, Kochetkova AA. Analiz
normativno-metodicheskoj bazy v sfere specializirovannoj
pishhevoj produkcii v Rossijskoj Federacii. Voprosy pitanija. 2017;
86 (6): 29-35.

Cikunib AD, Judina TV, Istomin AV, Klepikov OV. Mediko-
biologicheskie problemy vzaimosvjazi kachestva produktov
pitanija i sostojanija svobodnoradikal'nogo okislenija v organizme.
Voprosy pitanija. 2000; 69 (5): 28-31.

(5): 252-9.

[ocymapctBeHHbil  goknan  «O  COCTOSHMM  CaHUTapHO-
3MMOEMMOIOMMHECKOrO 61aronoy4mns HaceneHs B POCCUncKonm
Pepepaunm B 2017 ropy». M.: PegepansHas cny>xba no Haa3opy
B cdhepe 3almThl NpaB noTpedbuteneit 1 6narononyyms YenoBeka,
2018.

MepekycuxvH M. B., Bacunbes B. B. OueHka kadectsa u
6e30MacHOCT  MPOAOBOIBCTBEHHONO — ChbipbSt M MULLEBbIX
MPOMYKTOB, MUTaHWA HACeNeHWs B CUCTEME  COLMasIbHO-
MMIVEHNYECKOrO  MOHUTOPUHIa 1 OBEecneYeHnss  300pOBbA.
MenvumHa Tpyga u akonorunst venoseka. 2015; (4): 264-9.
Pocnakosa E. B., Yybupko M. W., TMuuyxkuHa H. M.,
Macannosa JI. A. Ponb aktopoB cpegbl 0buTaHus B
hopMUPOBaHMK pucka  opoaeUUMTHBIX — 3abonesaHui.
3npasooxpaHeHne Poccuinckon Gegepaupmn. 2009; (3): 48-50.
Cysoposa A. A., Cyxarosa [. H., Myxutosa M. 3. K Bonpocy
O pauyOHaNIBHOM MUTaHMM Monofexu. COBPEMEHHbIE HayqHble
ncenegoBanHns 1 paspabotkm. 2016; (3): 393-5.

Kptoukoga E. H., Victomnn A. B., Caapkonnens J1. M., AupiHa . B.
[etepmyHaHTbl  afanTauMoHHBIX — PE3epBOB  OpraHvama
MOOPOCTKOB  PasnM4YHbIX  PErvioHoB.  3ApaBOOXpaHeHvie
Poccuinickon ®epepauym. 2017; 61 (3): 143-7.

TytenbaH B. A., Hukumiok [. B., Xotum4erko C. A. HopmaTvieHas
6a3za OUeHKM KadecTBa M 6e30MacHOCTV ML, Poccuiickuia
>KypHa BOCCTaHOBUTENBHOV MeanumHbl. 2017; (2): 74-120.
Mar>xecos B. V., Makcumos . B., YxuHa E. 0., PagaHuesa A. O.,
KypyaeBa E. E. PaspaboTtka npoayKTOB HampasieHHOro
OEACTBMA  HAa  OCHOBE  KOMMJIEKCHOTO  MCMOMb30BaHNS
B1OMOANPULIMPOBAHHOIO BTOPUHHOIO MSACHOIO Y PaCTUTENBHOIO
Cbipbd. TEXHOMOrMM 1 TOBAPOBEAEHNE CENbCKOXO3ANCTBEHHOM
npogykuun. 2018; 1 (10): 121-8.

TytenbsH B. A., >KunnHekast H. B., CapkucsaH B. A., KodeTkosa A. A.
AHaM3  HOpMaTVBHO-MeToAMdeckon — Gasbl B cdepe
CheunanMsnpoBaHHO MULLEBON MNpoayKumm B Poccuinckon
Pepepaunn. Bonpock nutanua. 2017; 86 (6): 29-35.

Lnkyrno A. 4., KOguHa T. B., Victomun A. B., Knermkos O. B.
Meamko-bnonorndeckre npobnemMbl B3aVMOCBS3M  KadecTsa
MPOMYKTOB MUTaHUS U COCTOSHWUA  CBOOOOHOPAAMKaIBHOMO
OKMCNEHNs B opraHname. Bonpocs! nutanmd. 2000; 69 (5): 28-31.




ORIGINAL RESEARCH | HYGIENE AND EPIDEMIOLOGY

HYGIENIC CHARACTERISTICS OF THE CHEMICAL COMPOSITION
OF GROUNDWATER IN RYAZAN REGION

Solovyev DA™ Dementiev AA', Kluchnikova NM?, Prokhorov NI?
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3Sechenov First Moscow State Medical University, Moscow

Among the factors that have a strong impact on public health the environment, living conditions, food and water quality are
just as important as socio-economic forces. Providing the population with access to safe potable water has become a socio-
economic priority in Russia. The aim of this work was to characterize the aquifers supplying the population of Ryazan region
with water for personal and domestic needs and to compare their chemical composition. Sample collection was performed in
cooperation with the Center for Hygiene and Epidemiology (Ryazan region). The obtained data were processed using ANOVA.
The Kashirsky and Ozersko-Khovansky aquifers turn to be the most commonly used ones supplying water to 30.7% and 27.3%
of the total artesian wells. The Oksko-Tarussky and Podolsko-Myachkovsky aquifers rank second, feeding 21% and 18.9% of
the wells, respectively. The share of the Kasimovsky aquifer in the total water supply is only 2.1%. Although the recommended
lifespan of an artesian well is 25 years, two-thirds of the wells in Ryazan region have been in service for 26 to 50 years, and one
in every 4 wells is over 50 years old. The chemical composition of the groundwater drawn from different aquifers is different.
High concentrations (0.7 mg/l) of iron (Fe?*) are present in the water from the Ozersko-Khovansky aquifer (p = 0.05). Sulfates
are found in abundance in the Podolsko-Myachkovsky and Ozersko-Khovansky aquifer. The water from the Oksko-Tarussky
aquifer contains high concentrations of ionized ammonia.

Keywords: aquifers, interstitial waters, artesian waters, chemical composition of artesian waters, artesian wells
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MrMmeHNYECKAA XAPAKTEPUCTUKA XUMUHECKOI'O COCTABA BO/bl
NMOA3EMHbIX BOOOUCTOYHUKOB PA3AHCKOWN OBNIACTU

0. A. Conobes'®, A. A. flemeHTbeB!, H. M. KntouHunkosa?, H. . Mpoxopos®

T PAzaHCKuMiA rocyaapCTBEeHHbIN MeaULHCKIIA yHBepeuTeT umenn . T1. MNaenosa, Ps3aHb
2 LleHTp rvrveHbl 1 annagemronorin B PsigaHckol obnacti, PsizaHb
3 MNepBbli MOCKOBCKMI rOCYAapCTBEHHbI MEAVLIMHCKIMIA yHBEpCUTET MMeHn M. M. CeveHosa (CeveHoBCKMIA yHIBEpCUTET), MockBa

Cpeon hakTopoB, BAVSIOWMX Ha 300POBbE HACENEHWUS, KPOME COLMaNbHO-3KOHOMUYECKNX, OOMbLUYIO POSb UrpatoT
COCTOSIHNE OKPY>XatoLLIEV Cpefpbl, yCNoBMs bbiTa, NTaHne, BogocHabxeHne. ObecneveHne HaceneHnst 1obpoKa4eCTBEHHOM
NUTHEBOW BOLOWN SIBASIETCA BaXKHEWLLUMM HamnpasBnieHneM coumanibHO-3KOHOMUYeCKOro padeuTus Poccun. Llenbto paboTs!
ObINI0  OXapaKTepr3oBaTb MOA3EMHbIE BOLAOHOCHbIE TOPU30HTbI, WCMONb3yeMble AN LEHTPaIM30BaHHOIO MUTHEBOrO
BOAOCHAOXEeHWs HaceneHns PsisaHckolh obnacTi, M NPOBECTU CPAaBHUTENbHBIN aHanm3 XUMUHECKOro cocTaBa WX
apTe3naHcknx Bog. Matepuanom nccnefoBaHns CRy>KUam AaHHbIE O Ka4ecTBe BOAbl BOOGOHOCHbLIX TOPU3OHTOB Psa3aHCcKom
obnacTu, MosnyyYeHHble NpK coBMecTHon paboTe ¢ PBY3 «LIeHTp rurneHbl 1 anngemuonorun B PazaHckon obnactu».
icnonb3oBanu MeTop, CpaBHUTENbHOrO aHanmda. CTaTuCTUYecKytd 06paboTKy MPOBOAMAM METOAOM AMCMEPCUOHHOIO
aHanm3a. Yaule Bcero B parioHax PsazaHckoin obnacti ans BOAOCHAOXKEHWS HaceneHus UCronb3ytoTcs Kalvpekuin u
O3epcko-X0BaHCKMIN BOAOHOCHbIE FOPU30OHTBI, Ha A0 KOTOPbIX MPUXOAUTCHA COOTBETCTBEHHO 30,7 1 27,3% CKBaXKNH OT
nx obulero konmdectea. OKcko-Tapycckuin 1 Noaonbcko-MaYkoBCKMIA BOOOHOCHbIE FOPU30HTLI MCMOMb3YKOTCA pexe (21
1 18,9% CKBaXX1H COOTBETCTBEHHO). [lons Hanbornee peaKo 1CMonb3yeMoro KacMoBCKOro BOAOHOCHOMO ropU30HTa B LIESIOM MO
PagaHckor obnacTtu coctaBnset 2,1%. XoTa pekoOMeHAyeMbI CPOK MCMOMb30BaHNS apTe3MaHCKUX CKBaXKUH COCTaBMSET
25 neT, ABe TPETU 13 HNX SKCMyaTUpytoTes OT 26 10 50 NeT, a kaxkaas YeTBepTasi CkBaxuHa — 6onee 50 net. Boga pa3nunyHbIx
FOPU30OHTOB 0ONacT! OTINMYAETCS MO XMMWYECKOMY COCTaBy. 10 CpaBHEHWIO C OPYrMU BOOOHOCHBIMU FOPU30OHTaMU,
O3epcko-XoBaHCKMN xapakTeprayeTcs 60oee BbICOKNM cofep kaHreM xenesa (Fe?*), KOHLEeHTpaLmst KOTOPOro COCTaBnNsAeT
0,7 mr/n (p = 0,05), Mogonbcko-MsukoBckmiA 1 O3epcko-XoBaHCKM — cynbaTos, a OKCko-TapyCCKMii — NOHOB aMMOHMS.

KntouyeBble cnoBa: BOOOHOCHbIE FOPU30OHTbLI, MEXXMN1aCTOBble BOAbI, apTe3naHCKMne BOAbI, XUMUNHECKUNIN COCTaB,
aAPTE3NAHCKIE CKBaXKVHbI
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Among the factors that have a strong impact on public
health the environment is just as important as socio-economic
conditions; this is particularly true for drinking water [1, 2].
Providing the population with access to safe potable water
has become a socio-economic priority in Russia [3, 4]. When it
comes to public water supply, groundwater should be preferred
over surface water [5-7]. This is because groundwater
has a more stable chemical composition, is less likely to
be contaminated with pathogenic bacteria and has better
organoleptic properties [8, 9]. At the same time, groundwater
sometimes contains high concentrations of chemical elements
and compounds that exceed safety thresholds, depending on
the sedimentary rocks that form an aquifer [10, 11]. In Ryazan
region, the majority of residential areas rely on groundwater
sources [12-15]. Therefore, it is vital to monitor the quality of
groundwater intended for public use. The aim of this study was
to compare the chemical composition of groundwater drawn
from different artesian wells across Ryazan region, the share
of individual aquifers in the total water supply and the age and
depth of the wells currently in service.

METHODS

Sample collection was done in cooperation with the Center
for Hygiene and Epidemiology (Ryazan region). Groundwater
samples were collected from every artesian well across Ryazan
region once per season from 2010 through 2015 in strict
compliance with the Sanitary rules and regulations (SanPIN
2.1.4.1074-01) [14]. The samples were tested for the presence
of iron, sulfates and ionized ammonia. The depth and age of the
wells were compared. The data were processed in Statistica 6
using ANOVA.

RESULTS

At present, there are 291 artesian wells in the region drawing
water from different aquifers. The most commonly used
aquifers are the Kashirsky and Ozersko-Khovansky supplying
water to 30.7% and 27.3% of the wells, respectively. The
Oksko-Tarussky and Podolsko-Myachkovsky aquifers have
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lower shares of 21% and 18.9%, respectively. The Kasimovsky
aquifer is the most rarely used one feeding 2.1% of the wells.

The quality of drinking water largely depends on the depth
of the well. We compared the depth of the currently used
artesian wells across Ryazan region and found out that almost
two halves of them were more than 150 m deep, every fourth
well reached 100 to 150 m in depth, and only 15% of wells
drew water from shallower depths (Fig. 1).

The deepest wells (over 100 m) are located on the territory
of the Ozersko-Khovansky and Kasimovsky aquifers, making
up 64% and 66% of the wells fed by each aquifer, respectively.
Wells shallower than 50 m are typical for the Oksko-Tarussky
aquifer (47.8%).

Well age is an important factor in assessing the sanitary
condition of the well and groundwater quality. The recommended
lifespan of an artesian well is 25 years [13]. Our analysis reveals
that the majority (60%) of the wells for public water supply in
Ryazan region have been in service for 26 to 50 years (Table 1).
About one in every 4 wells is older than 50 years, while only
14.8% of the wells have been used for less than 25 years.

This trend is typical for the majority of aquifers except for
Kasimovsky; two- thirds of the wells that draw water from this
aquifer have been used for 25 years, while the rest are as old
as 26 to 50 years.

The analysis of the chemical composition of the groundwater
samples revealed that their salinity varied between 0.2 and
0.9 g/l. There were significant differences between the Ozersko-
Khovansky, Oksko-Tarussky and Podolsko-Myachkovsky
aquifers in the concentrations of certain chemical compounds
and elements. For example, the average iron concentrations in
the Ozersko-Khovansy aquifer were 0.7 mg/I (o = 0.05), which
exceeds the threshold of 0.3 mg/l established by the Russian
hygiene standard 2.1.5.1315-03. Iron concentrations in the
studied samples ranged from 0.035 to 8.22 mg/l and were
above the established norm in 40% of cases [5]. The average
concentrations of ionized ammonia in the Oksko-Tarussky
aquifer differed significantly from those in the Kashirsky,
Kasimovsky and Ozersko-Khovansy aquifers. Importantly, the
average sulfate levels in the groundwater samples from the
Oksko-Tarussky aquifer were 113.9 mg/I, differing significantly

Kashirsky 3.3 57.0 39.7
Ozersko-Khovansky 2.5 31.5 66.0
[J] >50mdeep
Oksko-Tarussky 47.8 431 9.1
Il 51-100 m deep
[ 100 m and deeper
Podolsko-Myachkovsky 6.0 30.0 64.0
Kasimovsky 11.7 23.6 64.7
I | | | |
0% 20% 40% 60% 80% 100%

Fig. 1. The proportion of the artesian wells of various depth feeding from different aquifers
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Table 1. The proportion of the artesian wells of various age feeding from different aquifers of Ryazan region

Proportion of artesian wells of various age, %

Aquifer
< 25 years 26-50 years 50 years and above
Kashirsky 16.3 60.4 23.3
Ozersko-Khovansy 16.9 60.0 23.1
Oksko-Tarussky 13.6 65.5 20.9
Podolsko-Myachkovsky 2.6 58.0 39.4
Kasimovsky 64.7 35.3 0
Table 2. The average concentrations of ionized ammonia, iron and sulfates in the studied groundwater sources
Aquifer X + tm, mg/ml
lonized ammonia Iron ions Sulfates
Ozersko-Khovansy 0.2 +0.1 0.7+0.2 125.1 £ 27.9
Podolsko-Myachkovsky 0.4 +0.1 0.3+0.1 113.9 £ 20.4
Kashirsky 0.2 +0.1 0.3 +0.1 60.5 + 8.1
Kasimovsky 0.2 +0.1 0.2+0.2 43.4 +22.4
Oksko-Tarussky 0.6 + 0.1 0.4 +0.1 54.5 + 6.1

Note: X is the average concentration, tm is confidence interval.

from the corresponding concentrations measured for other
aquifers (p = 0.05). Sulfate levels reached their minimum at
0.3 mg/l and maximum at 810 mg/I. No significant differences
between the aquifers were observed in the levels of fluorides,
magnesium, manganese, bromine, beryllium, and chlorides.

To sum up, the concentrations of iron, sulfates and ionized
ammonia differ significantly between the aquifers of Ryazan
region (Table 2).

The levels of sulfates are higher in the Podolsko-
Myachkovsky and Ozersko-Khovansky aquifers than in their
counterparts. The average concentration of ionized ammonia
in the Oksko-Tarussky aquifer was higher than in other aquifers.

DISCUSSION

Ryazan region relies on the groundwater stored in the
carboniferous and Upper Devonian water-bearing layers of the
Moscow artesian basin. The majority of Ryazan aquifers are
part of the carboniferous aquifer system. The aquifers studied
in this article were formed by water percolating through gypsum
deposits; therefore, the groundwater in them is rich in sulfates
and calcium.

Qur study demonstrates that groundwater samples collected
across Ryazan region are different in their chemical composition,
which can be explained by the history of the corresponding
aquifers [1]. The Ozersko-Khovansky aquifer has increased
concentrations of iron (0.7 mg/l on average) exceeding those in
other aquifers (p < 0.05); 40% of its groundwater samples do
not meet the Russian hygiene standards of 0.3 mg/I (standard
2.1.5.1315-03). Such high figures mean that measures
should be taken to deferrize the groundwater drawn from
these artesian wells. The groundwater drawn from Ozersko-
Khovansky and Podolsko-Myachkovsky aquifers contains
more sulfates (125.1 and 113.9 mg/l, respectively) than other
aquifers, which again can be explained by the specifics of
their formation, such as gypsum dissolution [2]. Interestingly,
the Oksko-Tarussky aquifer has the highest (0.6 mg/l) average
concentrations of ionized ammonia (p < 0.05). However, the
presence of ionized ammonia is not typical for this aquifer

and can indirectly suggest organic contamination resulting
from the misuse of the wells [2]. The supposition about the
organic origin of ionized ammonia is underpinned by the fact
that the wells drawing water from this aquifer are mostly shallow
(< 50 min depth) (p < 0,05) and the majority of them (86.4%)
have been in service longer than their recommended lifespan of
25 years. Obviously, shallower artesian wells are at a higher
risk of surface water contamination. The large proportion of old
(> 25 years) wells in Ryazan region prompts their renovation
[16-18].

CONCLUSIONS

In Ryazan region, public water supply relies mainly on the
groundwater of the Ozersko-Khovansky and Kashirsky
aquifers. The deepest artesian wells (= 100 m) are located on
the territory of the Kasimovsky and Podolsko-Myachkovsky
aquifers where they also prevail. The Podolsko-Myachkovsky
aquifer feeds the majority of the old wells (= 50 years). The
highest concentrations of sulfates are found in the Podolsko-
Myachkovsky and Ozersko-Khovansky aquifers, the highest
levels of iron (Fe?*) are observed for the Ozersko-Khovansky
aquifer, and the highest concentrations of ionized ammonia
are found in the Oksko-Tarussky aquifer. The groundwater
drawn from the Ozersko-Khovansky aquifer does not meet the
sanitary standards adopted in Russia (standard 2.1.5.1315-03)
in terms of its iron levels, which are expected to be no higher
than 0.3 mg/l, and requires deferrization. Because we covered
a very limited range of chemical elements and compounds
in our study and the sampling schedule was arbitrary, there
could be some uncertainties in the results of the analysis.
Therefore, we believe it reasonable to conduct another
study in order to compare the concentrations of fluorine and
molybdenum in the groundwater of the same aquifers. On the
whole, our study demonstrates that the quality of water drawn
from the aquifers with different chemical composition should
be monitored on a regular basis. Measures should be taken
to deferrize the supplied groundwater and to renovate old
artesian wells.

BULLETIN OF RSMU | 5, 2018 | VESTNIKRGMU.RU



OPUT'MHAJIbHOE NCCJIEOOBAHVE | TUTMIEHA U SMNAEMWOJOIMMA

References

1.

Vinokurov Jul, Putilova AA. Analiz onkologicheskoj zabolevaemosti i
ee svjazej s faktorami okruzhajushhej sredy na territorii Altajskogo
kraja. Geografija i prirodnye resursy. 2013; (4): 101-6.

Sjomka IM, Kazaeva OV. Analiz kachestva pit'evoj vody v
Rjazanskoj oblasti. Nauka molodyh (Eruditio Juvenium). 2013; (3):
71-4.

Zverev VP. Vlijanie antropogennoj dejatel'nosti na formirovanie
himicheskogo sostava podzemnyh vod na osnovnyh urovnjah
gidrosfery. SPb.: Nedra, 2002. 159-75.

Nedovesova SA, Trofimovich EM, Turbinskij VV, Ajzman RI.
Vlijanie dlitel'nogo potreblenija pit'evoj vody s povyshennym
soderzhaniem magnija na funkcii pochek u zhivotnyh. Vestnik
Novosibirskogo gosudarstvennogo pedagogicheskogo universiteta.
2016; (2): 45-7.

GOST 2761-84 Istochniki centralizovannogo hozjajstvenno-
pit'evogo vodosnabzhenija. Gigienicheskie, tehnicheskie trebovanija
i pravila vybora (s Ilzmeneniem Ne 1). Moskva: Standartinform,
2006; 142.

GN 2.1.5.1315-03 Predel'no dopustimye koncentracii (PDK)
himicheskih veshhestv v vode vodnyh ob#ektov hozjajstvenno-
pit'evogo i kul'turno-bytovogo vodopol'zovanija. Moskva:
Minzdrav Rossii, 2003; 47-105.

GOST 31861-2012. Mezhgosudarstvennyj standart. Voda.
Obshhie trebovanija k otboru prob. Moskva: Standartinform,
2013; 14.

Mihajlichenko KJu, Korshunova Adu, Kurbatova Al. Integral'naja
ocenka kachestva pit'evoj vody centralizovannyh sistem
vodosnabzhenija. Vestnik RUDN. Serija: Jekologija i bezopasnost'
zhiznedejatel'nosti. 2014; (1): 76-9.

Kameneva MG, Korkina NA. Kachestvo vody i zdorov'e naselenija
V sbornike: Itogi regional'noj konferencii, posvjashhjonnoj 95-letiju
sanitarno-jepidemiologicheskoj sluzhby Rossii. 19 nojabrja 2014
g.; Kazan'. Vestnik Kazanskogo tehnologicheskogo universiteta,
2014; (4): 87.

Jutepatypa

1.

BuHokypos 0. W., Mytunosa A. A. AHaiM3 OHKOMOMMHECKOM
3a6051eBaEMOCTI 1 ee CBA3€EN C (hakTopamMu OKPY>KatoLLier cpeabl
Ha Tepputopun AnTackoro kpad. leorpadusd 1 npupogHble
pecypcsbl. 2013; (4): 101-6.

Céwmka V. M., Kagaesa O. B. AHanua ka4ecTsa NTLEBOM BOAb! B
PsagaHckol obnact. Hayka monogbix (Eruditio Juvenium). 2013;
3): 71-4.

3eepeB B. T1. BnusHnMe aHTPOMOreHHOW A[esdATeNbHOCTUM Ha
HOPMMPOBaHVE XMMUHECKOTO COCTaBa MOA3EMHbIX BOL Ha
OCHOBHbIX YPOBHsIX rnapocepsbl. CM6.: Hegpa, 2002. 159-75.
Heposecoa C. A., Tpodwmosny E. M., TypbuHckuin B. B.,
AnsvaH P. V. BnugHve onutenbHoro noTpebneHnst nmvTbeBoMn
BOAb! C MOBbILLEHHbBIM COAePXaHMEM MarHns Ha YHKLIM MoYeK
Yy OKMBOTHbIX. BecTHMK HoBOCMOMPCKOrO rocyAapCTBEHHOrO
neparorn4eckoro yHmeepcuteta. 2016; (2): 45-7.

FOCT 2761-84 VICTOYHNKM LEHTPaIM30BAHHOIO XO3SMCTBEHHO-
NUTBEBONO  BOAOCHAOXEHUS.  [UrMeHUYecKne,  TeXHUYecKne
TpeboBaHMs 1 NpaBuna Bbibopa (C 1ameHeHviem Ne 1)  Mocksa:
CraHgapTuHdopm, 2006; 142.

MH2.1.5.1315-03 NpegensHO aonycTuUMble kKoHLeHTpauum (MOK)
XVMUYECKIX BELLIECTB B BOAE BOAHbIX OOLEKTOB XO3SMCTBEHHO-
NMUTBEBOIO U KYNLTYPHO-ObITOBOrO BOAOMOMb30BaHMs. Mocksa:
MuHagpas Poccun, 2003; 47-105.

FOCT 31861-2012. MexrocymapCTBeHHbIn CcTaHdapT. Bopa.
Obuume TpeboBaHKs K 0Toopy Npob. Mockea: CTaHaapTUHDOPM,
2013; 14.

Muxannmyerko K. KO., KopuwyHosa A. tO., Kypbatosa A. .
VIHTerpansHasa oLeHKa KayecTBa NNTbEBOM BOAb!
LIeHTPaM30BaHHbIX CUCTEM BOAOCHabeHus. BecTHuk PYOH.
Cepus: Okonorusa 1 6e30MacHOCTb »XuaHeaesTenbHocTu. 2014;
(1): 76-9.

BECTHVK PIMY | 5, 2018 | VESTNIKRGMU.RU

10.

11.

12.

15.

16.

17.

10.

11.

12.

13.

14.

15.

16.

Boronina LV, Sadchikov PN, Usynina Ade, Tazhieva SZ.
Prognoz jekologicheskogo sostojanija poverhnostnyh  vod
Nizhnevolzhskogo bassejna. Jug Rossii: jekologija, razvitie. 2012;
(3): 28-30.

Galimova AR, Tunakova JuA. Postuplenie, soderzhanie i
vozdejstvie vysokih koncentracij metallov v pit'evoj vode na
organizm. Vestnik Kazanskogo tehnologicheskogo universiteta.
2013; (20): 165-9.

Srednie normativnye sroki sluzhby osnovnyh fondov uchrezhdenij
i organizacij, sostojashhih na gosudarstvennom bjudzhete. M.:
Statistika, 1972; 5.

Pozdnjakova MA, Fedotova IV, Lipshic DA, Koroleva TA.
Statisticheskij podhod k gigienicheskoj ocenke kachestva
pit'evogo vodosnabzhenija territorii v dinamike. Rossijskij mediko-
biologicheskij vestnik im. akad. IP. Pavlova. 2011; (2): 10.

SanPiN 2.1.4.1074-01 Pit'evaja voda. Gigienicheskie trebovanija
k  kachestvu vody centralizovannyh  sistem  pit'evogo
vodosnabzhenija. Kontrol' kachestva. Gigienicheskie trebovanija k
obespecheniju bezopasnosti sistem gorjachego vodosnabzhenija.
Moskva, 2002; 19.

Onishhenko GG. Jeffektivnoe obezzarazhivanie vody — osnova
profilaktiki infekcionnyh zabolevanij. Vodosnabzhenie i sanitarnaja
tehnika; 2005; 12 (1): 8-12.

Broholm MM, Aryin E. Biodegradation of phenols in a sandstone
aquifer under aerobic conditions and nitrate and iron reducing
conditions. J of Contaminant Hydrology. 2000; (3): 239-73.
Fryar AE, Macko SA, Mullican WF, Romanak KD, Bennet PC.
Nitrat reduction during ground-water recharge, Southern High
Plains, Texas. J of Contaminant Hydrology. 2000; (2): 335-63.
Kaluarachchi JJ, Cvetkovic V, Berglund S. Stochastic analysis
of oxygen- and nitrate-based biodegradation of hydrocarbons in
aquifer. J of Contaminant Hydrology. 2000; (3): 335-65.

KameHeBa M. I, KopkuHa H. A. Ka4eCTBO BOApl 1 300POBLE
HaceneHus. B cbopHuke: IToru pervioHansHom KoHdepeHLun,
MOCBALLEHHON  95-NeTUIO  CaHUTaPHO-3MNAEMNOSIOMNYECKON
cnyx6bl Poccun. 19 Hosbpss 2014 r; KasaHb. BecTHuK
KagaHckoro TexHonorn4eckoro yHmBepcuteta, 2014; (4): 87.
BoponuHa J1. B., Cagyvkos I1. H., YcbiHuHa A. 3., Taxxvesa C. 3.
[MpOrHO3  3KOMOrMYECKOro  COCTOSAHNSA  MOBEPXHOCTHBIX  BOQ,
HwxHeBomkckoro 6accerHa. Kor Poccuun: akonoruvisi, pa3smtue.
2012; (3): 28-30.

lanumosa A. P, TyHakoBa HO. A. NocTynnenue, copepxaHve 1
BO3AENCTBME BbICOKMX KOHLIEHTPaUMin METa/IoB B MUTLEBOM
Bofe Ha opraHu3Mm. BecTHMK KazaHCKOro TeXHONOrm4eckoro
yHuBepcuTeTa. 2013; (20): 165-9.

CpeoHne HopMaTVBHblE CPOKWU  CRy>KObl OCHOBHbIX ()OHOOB
YYPEXAEHNA 1 OpraHn3aumii, COCTOALLMX Ha rocyaapCTBEHHOM
oropxkete. M.: Ctatuctuka, 1972: 5.

MosaoHakosa M. A., ®enotosa W. B., Jivnwwy, 0. A., Koponesa T. A.
CTatncTU4eCKnn MOAXOA K MIMEHNYECKON OLeHKe KadecTsa

NUTBEBONO  BOAOCHAOXEHWs  Tepputopun B AMHAMUKE.
Poccunickunii - MegmMko-61oNornyecki  BECTHUK M. akap,
1. M. Maenosa. 2011; 19 (2): 10.

CaHlvH  2.1.4.1074-01 T[uTbeBas Bopa. [UrneHn4eckune

TpeboBaHNS K KadeCTBY BOAbl LEHTPaIM30BaHHbIX CUCTEM
NTLEBOIO BOJOCHabXKeHs. KoHTponb kadecTsa. [UrneHndeckre
TpeboBaHNa K obecredeHnio 6e30MacHOCTN CUCTEM rOpsiHero
BogocHabxxeHws. Mockea, 2002; 19.

Onuwerko I T OdekTBHOE 00e33apaxmBaHe Boabl —
ocHoBa NPOMUNaKTNKN NHIDEKLMOHHbBIX 3abonesaHui.
BopocHabykeHve 1 caHuTapHas TexHuka. 2005; 12 (1): 8-12.
Broholm MM, Aryin E. Biodegradation of phenols in a sandstone
aquifer under aerobic conditions and nitrate and iron reducing



17.

ORIGINAL RESEARCH | HYGIENE AND EPIDEMIOLOGY

conditions. J of Contaminant Hydrology. 2000; (3): 239-73. 18. Kaluarachchi JJ, Cvetkovic V, Berglund S. Stochastic analysis
Fryar AE, Macko SA, Mullican WF, Romanak KD, Bennet PC. of oxygen- and nitrate-based biodegradation of hydrocarbons in

Nitrat reduction during ground-water recharge, Southern High aquifer. J of Contaminant Hydrology. 2000; (3): 335-65.
Plains, Texas. J of Contaminant Hydrology. 2000; (2): 335-63.

BULLETIN OF RSMU |5, 2018 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | SPORT PHYSIOLOGY

PHYSIOLOGICAL INDICATORS OF SCHOOLCHILDREN OF 7-12 YEARS OF
AGE PECULIAR TO MENTAL ARITHMETIC SESSIONS COMBINED WITH
ATTENTION SWITCHING PHYSICAL EXERCISES

Gorelik VW', Filippova SN?, Knysheva TP?
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Institute of Physical Education and Sports, Togliatti state University, Togliatti
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Present day education routines subject schoolchildren to considerable loads associated with studying. This research effort
aimed to study the effect attention switching physical exercises (the type peculiar to the mental arithmetic curricula) have on
heart rate, adaptation abilities, stress resistance, higher mental functions and conditioned reflex activity of children. Examining
124 schoolchildren aged 7-9 and 10-12 years, we applied the pedagogical experiment method that includes benchmarking,
formation and control stages, as well as a number of psychological methods: short-term, associative and image memory
diagnostics; Bourdon-Wiersma test; search for logical solutions; evaluation of motor skills. Varicard 2.51 was used to assess
functions of the cardiovascular system and other physiological state indicators. At the benchmarking stage, we discovered
the differences in higher mental functions conditioned by age and gender. Girls aged 7-9 had their memory, attention, ideation
indicators 20-40% higher than boys of the same age. Boys aged 10-12 had their higher mental functions developed 10-30%
better than girls of the same age. At the formation stage, we registered the optimizing effect attention switching physical
exercises have on information processing speed and memorizing effectiveness: corresponding indicators increased 1.5-2
times (7-9 y.o., both genders) and 1.2-1.5 times (10-12 y.o., both genders), accordingly. It was concluded that adding the
attention switching physical exercises to mental arithmetic curricula makes training sessions more effective.

Keywords: schoolchildren, cognitive sphere, cognitive activity, functional activity of CVS, age psychology, mental arithmetic
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PUINHECKUE YNPAXKHEHUSA C NMEPEKJTKOMEHUMEM BHUMAHUA
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"Kacbenpa agantvBHON h13nHeckoit KynbTypsbl, criopTa 1 Typuama,
VIHCTUTYT hr3NYeCKOmn KynbsTypbl 1 CropTa, TONbATTUHCKUIN FOCYAaPCTBEHHDBIN YHUBEPCUTET, TONbATTI
2 Kadhegpa agantmBHOM O3NHECKON KyNBTYPbl Y MEANKO-610N0rMHECKmX ANCLMMINH,
VIHCTUTYT eCTECTBO3HAHNS 1 CMOPTMBHBIX TEXHONOrMiA, MOCKOBCKMIA rOPOLACKON Nefarorn4eckuii yHnsepeuteT, Mockea
8 LleHTp MHTeNNeKTyanbHOro pasBuTUs «3OBpUKa», TONbATTH

B ycrnoBusix coBpemMeHHOro 06pa3oBaHis LLUKOMBHVKIM MoABEPrakoTes 60bLLMM yHeOHBIM Harpy3kam. B cBAau ¢ aTM Lenbto paboTbl
ObII0 U3YHnTb BANSIHVE (DUSNHECKMX YMPaXKHEHUI C MEPEKIIIOYEHNEM BHUMaAHWS, NCMONb3YEMbIX Ha 3aHATUSX MEHTaIbHOM
apUPMETUKON, Ha MoKasaTenM CepAeHHOro puTMa, afdanTauyoHHbIE BO3SMOXXHOCTW, CTPECCOYCTOMYMBOCTb, XapaKTepPUCTVKN
BbICLLNX MCUXUHECKIX OYHKUMIA 1 YCNIOBHO-PEeDNEKTOPHON AedTensHOCTV aetelt. [Mpu obcnenoBaHun 124 LLKOMBHVKOB 7-9 neT
n 10-12 net ncnonb3oBann MeToq, Nedarorm4eckoro SKCnepuMeHTa, BKIKOHaKOLLEro KOHCTaTMPYHOLMIA, (DOPMUPYHOLLIAIA
N KOHTPOJbHBIA 3Tanbl, a Takke P MCUXONOrMYecKX MEeTOAMK: AMAarHOCTUKY KPaTKOBPEMEHHOW acCoLMaTUBHON Wt
06pa3HoON NamMsATU; KOPPEKTYPHYO Npoby BypaoHa; MoWCK NOrMHYECcKUX peLLeHNI; onpeaeneHne MoOTOPHOW OfapeHHOCTI.
[na anarHOCTUKM yHKLMOHAIBHOMO COCTOSIHMS CepAeHHO-COCYANCTOM CUCTEMbI 1 APYrNX nokasaTtenen usnonorm4eckoro
COCTOSHWA VCMONB30Ba/IM MPOrpaMMHO-annapaTHbii KoMmmneke «Bapukapg, 2.51». Ha KoHCTaTupytoLLeM STane Y LUKOMBbHUKOB
BbISIB/IEHbI MOIOBO3PACTHbIE PAa3NYMA BbICLUMX MCUXMHECKMX (DYHKLMIA. Y OEeBOYEK 7-9 NeT mokazaTtenv namsarv, BHUMaHUS,
MbILLEHNS Bbl Bbie Ha 20-40%, YeM Yy ManbYMKOB STOrO Bo3pacTa. Y MamnbymkoB 10-12 feT oTMevancst pocT nokasartenei
BbICLLIMX MCUXNHECKIX DYHKLMIA MO CPaBHEHMIO C AEBOYKaMM TOro »e BospacTa Ha 10-30%. Ha dhopmmpytoLLiem atane noka3aHo
ONTUMU3MPYIOLLIEE BO3AEUCTBMUE OBUraTENbHbIX YIPAKHEHUA C MEPEKITFOHYEHMEM BHMMAHUS Ha CKOPOCTb MepepaboTku
MHopMaumn 1 NPOAYKTMBHOCTb 3aNOMMHaHMA, nokasaTeny KOTOpbIX yBenudMBannch y aeten oboero nona B 1,5-2 pasa
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OPUTMHAJIbHOE UCCJIEQOBAHNE | ®3NOJ10T A CTMOPTA

Present day school curricula imply constant intensification
of studying and growing volumes of information schoolchildren
have to process. Extended educational activities and
supernormal educational techniques utilized therein add to the
load. Such conditions call for better control over adaptation
capabilities, their practical application and general health
of schoolchildren [1-5]. Modern psychophysiology holds
vegetative balance as an integrated indicator of adaptation in
the context of various activities, including studying.

It was found that psychophysical stress can disbalance
sympathetic and parasympathetic regulation links and bring
sympathicotonia to the foreground, which signals of imbalance
in the patterns autonomic nervous system (ANS) follows
when reciprocally regulating cardiac system of a child. Such
conditions lead to pronounced utilization of the cardiovascular
system's compensatory mechanisms associated with the
child's adaptation to physical and mental exertion [3, 6, 8, 9.
Mental and physical fatigue, emotional stress make the child
psycho-emotionally strained and more vulnerable, which results
in acceleration of the psychophysical and social deadaptation
processes [2, 4, 7, 8].

In a considerable number of children, one part of ANS is
functionally dominant, especially when the pressure coming
from the environment exceeds the child's ability to adapt [4,
5, 9, 10]. Changes in the regulatory action of higher nervous
function and higher mental processes (HMP) that depend on
the state of the central nervous system (CNS), brain and its
cortex, alter the rate of conditioned reflex reactions, disrupt
interaction between the first and the second signal systems,
cause psychosomatic and behavioral deviations, etc. Children
with such deviations belong to the group of conditionally
healthy; their adaptation processes are considerably more
intense than they normally are (premorbid, pre-nosological
state), which can lead to a breakdown, primarily - disruption
of regulatory links in the child's physiological processes, poor
mental, physical and learning performance [1, 4, 6, 9, 11-14].

During ontogenesis, interaction patterns between the
body's functional systems change dynamically, and the speed
of such change grows due to acceleration. At the same time,
the child develops mechanisms to adapt to physical and mental
loads. Readjustment of the autonomic processes regulating
body functions plays an important part in the development of
these mechanisms [4, 8].

Understanding the age-related features of adaptation of
children by their integrated psycho-physiological characteristics
that change under the influence of learning activities would
allow designing optimal educational environment and
curriculum system for schoolchildren and enable development
of the educational process psychological and pedagogical
support methods. Such measures are called for by the major
contradiction embedded into the current education system:
accelerated intensification of studying (i.e., mental loads)
leads to progression of deficit of physical activity (i.e., physical
loads) initially caused by the changing regimens of children
living in urbanized environments [4, 7, 15-17]. However,
many integrative ontogenesis and age-related adaptation
mechanisms influenced by studying and environment present
day schoolchildren live in have not been researched sufficiently.

This study aimed to research the impact educational
environment factors (mental arithmetic, physical exercise,
attention switching) have on the development of physiological
functions and cognitive processes in schoolchildren going
through the most sensitive periods (ages 7-9 and 10-12) and
studyingintensely. The goals were: to assess the psychophysical
development of younger schoolchildren and changes thereto

under the influence of physical exercises implying attention
switching (counting, arithmetic); to reveal the gender-specific
differences in cognitive capabilities and physical functions of
children aged 7-12; to study the effect physical exercise has
on cognitive processes of younger children practicing mental
arithmetic with their physiological specifics factored in.

METHODS
Participating schoolchildren

124 schoolchildren attending Eureka Intellectual Development
Center (city of Togliatti) participated in the study, which lasted
October 2017 through May 2018. They were 30 boys and 32
girls aged 7-9 and 30 boys and 32 girls aged 10-12. Within
each gender-age category, the children were divided into
treatment groups (TG) and control groups (CG). While forming
the groups, we aimed at making them relatively equal in terms
of the initial psycho-physiological and cognitive characteristics.

Ethical review

The study was approved by the local ethics committee of
Togliatti State University (protocol #1 of 08.29.17). Parents
of the schoolchildren submitted the informed consent forms
allowing their children to participate in the experiment.
Inclusion criteria: ages 7 to 12; no medical contraindications
to learning and physical activities. Exclusion criteria: acute
infectious diseases and other medical contraindications to
learning and physical activities. Parts of the brain responsible
for cognition develop intensively at the age 7 through 9 [13, 14,
18, 19]. 10 through 12, the process continues; this is also the
period when the individual profile of lateral specialization of the
brain hemispheres' functions completes its formation [11, 20].

Mental arithmetic program

All children were taught mental arithmetic for 6 months, 45
minute sessions twice a week. The skill was mastered with
the help of abacus, a special arithmetic device; the children
were doing the calculations mentally, without pen and paper.
Individual characteristics and current psychophysical state
defined how the participants of the experiment reacted to
the mental stress. With the aim to optimize psychophysical
indicators, TG children were also doing motor exercises
implying attention switching (AS), an addition to the program
not available to the CG participants.

Physical exercises with attention switching activities

The children were offered short breaks involving a combination
of physical exercises and attention switching activities in the
beginning, middle and end of their mental arithmetic lessons.
The attention switching physical exercises were: 1) ball games;
2) counting while playing ball; 3) counting while jumping;
4) counting and answering questions while balancing on a
board. The exercises help concentration, involve most muscles
controlling the child's posture and strengthening leg tendons
and ligaments, improve agility and motor coordination, promote
development of perception and sensorimotor coordination.
Mental arithmetic lessons combined with attention switching
physical exercising (counting, doing arithmetic operations)
stimulate psychomotor activity; the goal is to improve mental
activity, extend the range and diversity of movements, develop
dexterity, flexibility, speed, coordination ability.
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Pedagogical experiment method

The cognitive activity indicators were registered at the three
stages of the pedagogical experiment:

1) benchmarking stage (October 2017): registration
of the baseline indicators of the cardiovascular system
functional status, adaptation capabilities, cognitive processes
development level;

2) formation stage (December 2017 - April 2018): cognitive
tasks and physical exercises used to develop motor skills and
mental processes;

3) control stage (May 2018): registration of the resulting
indicators after a number of lessons involving exercising
designed to stimulate the children's mental and physical
activity.

Psychodiagnostic methods
The psychodiagnostic program included
psychological techniques:

1) short-term memory diagnostics (memorization of 10 words);

2) associative memory diagnostics (10 pair associations);

3) image memory diagnostics (16 images);

4) Bourdon-Wiersma test;

5) search for analogies and logical solutions;

6) evaluation of motor skills (children aged 7-12, metric
scale [21-23].

Attention switching physical exercises were part of the TG
lessons exclusively.

the following

= == =

Diagnostics of the functional parameters of the body

Varicard 2.51 software and hardware system (Ramena Institute
for Implementation of New Medical Technologies, Russia) was
used to determine functional state of the children's CVS. We
applied the heart rate variability analysis to register all the major
parameters, including:

— autonomic regulation of blood flow with assessment of
load on the body's regulatory systems;

— autonomic cardiac rhythm regulation (baseline autonomic
regulation level, autonomic reactivity, autonomic support to
activity);

—functional state of the body and changes thereto as
registered through the vegetative balance and neurohumoral
regulation indicators.

Based on the assessment of the body's functional
state, intensity of its adaptation responses and status of the
regulatory systems, we have compiled prognostic conclusions
and developed recommendations that were used in this study
and suggested for educational process [24].

Methods of mathematical statistics

We have applied the following mathematical statistics methods
when processing the data obtained: Kolmogorov—-Smirnov
test (nonparametric test of the equality of continuous, one-
dimensional probability distributions) and parametric Student's
t-test. The differences were considered statistically significant
at p < 0.05.

Kolmogorov—-Smirnov test revealed that the studied
variables fall within the limits of normality, which allowed
applying the Student's t-test for interrelated and independent
samples.

SPSS 17.0 for Windows was used to process the
experimental data.
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RESULTS

At the benchmarking of the study, the functional indicators
of development of children (functional status of regulatory
systems) from TG and CG were almost similar. It is known
that even minor changes to the vegetative balance
significantly affect schoolchildren's health, which translates
into deterioration of their stress resistance and capability
to adapt to physical and mental stress associated with
studying.

Primary school age is characterized by fluctuating
intersystem and intersystem relations (psycho-emotional,
autonomic and hormonal-metabolic mechanisms). This leads
to instability and degradation of the functional and adaptive
capabilities, a result of the constant load put on the regulatory
systems by learning activities [4, 6, 8].

To study the vegetative balance, we have registered
functional status of the CVS with the help of the heart rhythm
variability method.

At the beginning of the study, the stress index (Si) was
growing; this index reflects the degree of predominance of
central regulation mechanisms over autonomic mechanisms. In
the TG, the index was 298 conditional units, in the CG — 486
conditional units, which signals of the intensive action of the
body's regulatory systems and reduced functional reserves.
These results show that the increasing learning-related
loads lead to mental and physical fatigue that disturbs the
balance between sympathetic and parasympathetic parts of
the nervous system. Children participating in the study were
7 to 12 years old; at this age, morphofunctional structures
of the CNS are still immature, thus the strength and the
equilibrium of the nervous processes are relatively minor,
which can translate into rapid depletion of the cerebral cortex
cells, fatigue and poor mental performance. It is necessary
to have the children switch to another type of activity in a
timely manner when they start feeling physical and mental
fatigue.

In this connection, a combination of physical and mental
exercises was added to the beginning, middle and end of their
mental arithmetic lessons.

Also, at the benchmarking and control stages of the
pedagogical experiment we have studied the children's (boys
and girls, ages 7-9 and 10-12) memorization ability, attention
concentration and switching capabilities, ideation and motor
skills. The results were compared for the following age groups
(Tables 1-4):

e 7-9y.0.: TG (15 boys, 16 girls) and CG (15 boys, 16 girls);

* 1012 y.0.: TG (15 boys, 16 girls) and CG (15 boys, 16 girls).

The results of memory, attention and ideation diagnostics
done at the benchmarking stage show that girls aged 7-9 have
better (by 20-40%) short-term, associative and image memory,
as well as concentration and attention switching capabilities
than boys of the same age; see Tables 1, 2. These gender-
specific differences result from the fact that ontogenetically,
girls develop faster than boys [18, 19]. Girls have their first
growth leap 0.5-1 year earlier than boys, so the development
of their psychological capabilities, which is synchronized with
morphofunctional development of the body, goes faster.

At the age of 10-12 years, boys are able to memorize,
concentrate, switch attention and solve logic problems
10-30% better than girls (see Tables 3, 4); the difference is
gender-specific, it is a result of the peculiarities of cerebral
hemispheres lateral organization profiles [17, 18, 20], which,
having developed completely, make the left hemisphere more
active than the right, while in girls they are equipotential.
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This growth of mental activity indicators, determined by age
and gender factors, signals of the growing morphofunctional
readiness of the brain and mental processes to solve spatial
and temporal problems [5, 20].

Having studied two age groups, we also found that girls
have better motor capabilities than boys, which is the result
of the former having various links of the motor analyzer
(including higher cortical sections) better developed at this stage
of ontogenesis.

At the benchmarking of the study, the functional indicators
of development of children (functional status of regulatory
systems) from TG and CG were almost similar. It is known that
even minor changes to the vegetative balance significantly
affect schoolchildren's health, which worsens their stress

resistance and ability to adapt to physical and mental stress
associated with studying [2, 6, 9, 10]. To study these specifics,
we determined the functional status of CVS through measuring
variability of the heart rhythm.

When the formation stage of the pedagogical experiment
was over, we examined the children's regulatory systems again.
The results of these examinations show that TG participants,
provided their days are scheduled correctly, benefit from
physical exercise: the functional status of their bodies
improves.

Table 5 shows how the heart rhythm changed in TG and CG
participants at the control stage of the pedagogical experiment.

The data presented in Table 5 reflect stabilization of the
functional processes; Si index (regulatory systems load)

Table 1. Comparison of memory, attention, ideation and motor skills, in points, boys 7-9 y.0., TG and CG

Boys (benchmarking stage) Boys (control stage)
. . Student's
Variables (functions) Standard Standard error Standard Standard error ttest
Average o Average .
deviation of mean deviation of mean
TG 4.27 1.67 0.43 8.9 1.27 0.33 11.59**
Short-term memory
CG 4.20 1.64 0.42 6.3 1.29 0.33 2.18*
TG 11.07 4.46 1.15 17.09 3.41 0.88 6.87*
Associative memory
CG 11.07 4.37 1.13 12.00 3.37 0.87 2.68*
TG 7.60 1.68 0.43 15.60 1.08 0.28 11.77
Image memory
CG 7.51 1.65 0.43 12.40 1.60 0.41 2.27*
TG 138.79 6.72 1.74 20.79 3.02 0.78 5.87**
Attention concentration
CG 13.70 6.69 1.73 16.70 5.99 1.55 2.88*
TG 5.19 2.13 0.55 4.19 2.03 0.52 2.79*
Attention switching
CG 5.20 2.11 0.54 5.00 2.01 0.52 1.69
TG 6.60 3.1 0.80 9.60 3.31 0.85 5.35"
Search for analogies
CG 6.61 3.10 0.80 7.50 3.50 0.90 1.62
TG 14.00 8.33 2.15 19.60 3.30 0.85 9.45"
Logical tasks solving
CG 14.01 8.90 2.30 16.00 5.90 1.52 217
TG 1.80 0.94 0.24 41 0.54 0.14 11.56**
Motor skills
CG 1.80 0.88 0.23 3.5 0.59 0.15 2.45*
Note: * — significance level p < 0.05; ** — significance level p < 0.01.
Table 2. Comparison of memory, attention, ideation and motor skills, in points, girls 7-9 y.o., TG and CG
Girls (benchmarking stage) Girls (control stage)
Variables (functions) Student's
Average | Standard deviation it Average | Standard deviation ettt ttest
of mean of mean
TG 5.27 1.27 0.32 9.51 1.63 0.41 11.90*
Short-term memory
CG 5.20 1.09 0.27 7.20 1.67 0.42 2.21*
TG 15.00 3.85 0.96 19.00 2.85 0.71 4.61**
Associative memory
CG 14.01 2.62 0.66 14.01 3.60 0.90 2.05
TG 10.82 2.75 0.69 15.12 2.15 0.54 5.9
Image memory
CG 10.90 2.64 0.66 11.00 2.34 0.59 2.34*
TG 20.92 6.83 1.71 26.92 3.43 0.86 3.11*
Attention concentration
CG 20.80 6.87 1.72 24.80 5.87 1.47 2.52*
TG 4.75 2.39 0.60 3.60 1.39 0.35 2.71*
Attention switching
CG 4.61 2.40 0.60 410 1.40 0.35 2.1
TG 8.73 2.61 0.65 115 2.41 0.60 4.03*
Search for analogies
CG 8.62 2.51 0.63 8.70 2.50 0.63 1.86
TG 18.82 6.28 1.57 26.80 3.28 0.82 7.09*
Logical tasks solving
CG 18.91 5.47 1.37 22.90 5.75 1.44 2.02
TG 2.82 0.75 0.19 3.40 4.50 1.13 8.91*
Motor skills
CG 2.81 0.75 0.19 2.91 4.75 1.19 2.71*

Note: * — significance level p < 0.05; ** — significance level p < 0.01.
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values and heart rate of the TG schoolchildren are close to the
physiological norm. Regulation systems work normally, body
copes with stress in an optimal way, its systems are stable,
which proves that the combination of mental and physical
exercising and lessons' regime are correct.

By the end of the study, CG participants had high Si,
tachycardia, their regulatory systems were highly active and
functional reserves of the body decreased (Table 5). In such a
condition, the regulatory systems are overstressed. Prolonged
overstress associated with studying can compromise
physiological adaptation and trigger the pathogenic chain
reaction: disadaptation — pre-existing disease — development
of diseases — chronic pathologies. To avoid such situations,
it is necessary to organize the child's day regimen correctly,

ORIGINAL RESEARCH | SPORT PHYSIOLOGY

allocate mental and physical exercising rationally and introduce
motor activities to the schedule properly, which is proved by the
data shown in Tables 6, 7 and Figures 1, 2.

When the formation stage of the pedagogical experiment
was over, we tested regulatory systems of the participants
again. The results of these tests prove that introduction of
physical exercising to the mental arithmetic lessons in TG
translates into optimization of the schoolchildren's movements
regime. Therefore, functional status of TG participants improves
(Fig. 1, Table 6), as opposed to that of CG participants
(Fig. 2, Table 2), with the applicable indicators growing
accordingly. Here, it is important to note the effect attention
switching physical exercises had on Si: it decreased 1.8 times.
Figures 3, 4 show the data backing the results.

Table 3. Comparison of memory, attention, ideation and motor skills, in points, boys 10-12 y.0., TG and CG

Boys (benchmarking stage) Boys (control stage)
Vari . Student's
ariables (functions) Standard Standard error Standard Standard error test
Average o Average .
deviation of mean deviation of mean
TG 6.63 1.41 0.36 9.50 0.53 0.14 6.59*
Short-term memory
CG 6.50 1.53 0.40 7.60 0.89 0.23 2.13
TG 16.13 1.73 0.45 19.40 0.73 0.19 4.87*
Associative memory
CG 15.08 1.74 0.45 15.09 0.84 0.22 1.96
TG 10.38 2.45 0.63 15.40 0.74 0.19 747
Image memory
CG 10.30 2.74 0.71 13.30 1.02 0.26 2.29*
TG 27.25 7.36 1.90 34.00 4.31 1.1 4.84**
Attention concentration
CG 27.40 6.89 1.78 29.40 6.43 1.66 2.18*
TG 5.60 1.80 0.46 3.40 0.97 0.25 412
Attention switching
CG 5.80 1.94 0.50 4.20 1.14 0.29 2.69*
TG 9.25 1.98 0.51 12.00 0.04 0.01 2.99*
Search for analogies
CG 9.40 1.90 0.49 10.5 1.01 0.26 2.62*
TG 23.75 5.57 1.44 28.90 1.80 0.46 3.44*
Logical tasks solving
CG 23.88 5.81 1.50 24.60 2.09 0.54 2.19*
TG 2.25 0.71 0.18 4.10 0.14 0.04 5.71*
Motor skills
CG 2.30 0.65 0.17 3.80 0.36 0.09 2.49*
Note: * — significance level p < 0.05; ** — significance level p < 0.01.
Table 4. Comparison of memory, attention, ideation and motor skills, in points, girls 10-12 y.o., TG and CG
Girls (benchmarking stage) Girls (control stage)
Variables (f ) Student's
ariables (functions) Standard Standard error Standard Standard error ttest
Average o Average o
deviation of mean deviation of mean
TG 5.80 1.30 0.33 9.60 0.54 0.14 6.50**
Short-term memory
CG 5.71 1.55 0.39 6.60 1.05 0.26 2.34*
TG 14.40 2.61 0.65 19.60 0.54 0.14 5.98™
Associative memory
CG 14.49 2.55 0.64 14.00 0.95 0.24 2.09
TG 9.60 2.07 0.52 14.30 0.51 0.13 8.19*
Image memory
CG 9.70 1.55 0.39 10.10 0.75 0.19 2.19*
TG 23.60 4.51 1.13 37.00 3.31 0.83 4.21*
Attention concentration
CG 23.50 4.95 1.24 30.60 4.45 1.1 2.59*
TG 4.80 1.36 0.34 3.10 0.69 0.17 3.71
Attention switching
CG 4.80 1.33 0.33 4.00 1.11 0.28 2.16*
TG 9.80 1.64 0.41 12.00 0.06 0.02 5.13*
Search for analogies
CG 9.80 1.56 0.39 10.1 1.14 0.29 2.56*
TG 22.00 3.74 0.94 28.40 0.54 0.14 9.01*
Logical tasks solving
CG 23.40 3.55 0.89 26.20 1.34 0.34 2.32*
TG 2.60 0.89 0.22 4.20 0.21 0.05 11.91*
Motor skills
CG 2.70 0.84 0.21 3.60 0.83 0.21 2.82*

Note: * — significance level p < 0.05; ** — significance level p < 0.01.

BULLETIN OF RSMU | 5, 2018 | VESTNIKRGMU.RU



OPUTMHAJIbHOE UCCJIEQOBAHNE | ®3NOJ10T A CTMOPTA

By the end of the study, we registered differences in
functional class of TG and CG schoolchildren. That of TG
is second, which is the functional class peculiar to normal
operation of systems supporting a developing organism. This
fact confirms the necessity to switch types of activities during
mental arithmetic lessons, namely — do attention switching
physical exercises. Switch to other types of mental and physical
activities: 1) activates CNS; 2) prevents monotony; 3) shifts
attention and softens the tiring effect of studying (Fig. 3).

Functional class of CG participants is 6, which signals of the
children's regulatory systems being overstressed (Fig. 4). Such a
situation invites consideration of activity switching breaks as
part of the lessons. Such breaks would help to prevent overstrain
and depletion of the body's adaptation reserves, thus preserving
health of schoolchildren while their academic loads grow.

Thus, the study confirms that incorporation of the attention
switching physical exercises into mental arithmetic curricula
improves mental performance and psychomotor capabilities of
younger schoolchildren.

DISCUSSION

Many researchers, such as N. I. Shilyk, R. M. Baevsky, E. D.
Sinyak, D. L. Sonkin and others, are studying physiological

adaptation of a child’s organism to learning activities. Their
research focuses on reasoning the methods of selection
of physical movement loads adequate to both training and
physical culture lessons with the children's physical abilities
factored in. In this study, we have also considered the
psychophysical indicators that allow allocating schoolchildren
to certain functional classes. However, it is important to utilize
the high playing potential of children [25]. With this is mind,
we introduced the attention switching physical exercises into
mental arithmetic lessons, which made the latter more exciting.

In the context of the study conducted, attention switching
physical exercising added to the mental arithmetic lessons
improved HMP of younger schoolchildren: they showed better
memorizing abilities (short-term, associative, image memory),
their voluntary attention, ideation and motor skills improved. It
can be assumed that the positive dynamics of HMP are the
result of prevention of monotony and optimization of balance of
excitation/inhibition processes in the cerebral cortex.

Memory, attention and motor skills testing shows their
improvement by a factor of 1.5-2 after incorporation of
physical exercises into the mental arithmetic curricula. This
growth of functional indicators under the influence of attention
switching physical exercises confirms they contribute to
psychomotor development of younger schoolchildren.

Table 5. Heart rhythm indicators, control stage, pedagogical experiment, TG and CG

Name TG CG Norm
Heart rate (HR), beats/min. 71 92* 55-80
Standard deviation (SDNN), ms 55.8 51.4 30-100
Variation coefficient (VC), % 6.6 7.9 3-12
Stress index (SJ), c.u. 114 227 50-150
Index of centralization (/C), c.u. 1.3* 1.3 2-8
Atypy index, c.u. 2 6" 1-3

Note: * — significance level p < 0.05; ** — significance level p < 0.01.

Table 6. Regulatory systems indicators, control stage, pedagogical experiment, TG

Table 7. Regulatory systems indicators, control stage, pedagogical experiment, CG

Functioning level

Functioning level

Moderate bradycardia | -1

Severe tachycardia | 2

Regulation stability

Regulation stability

Normal rhythm stability | 0

Normal rhythm stability | o

Vegetative homeostasis

Vegetative homeostasis

Normal vegetative balance | 0

Moderate predominance of sympathetic nervous system | 1

Sympathetic vascular center activity

Sympathetic vascular center activity

Normal activity of vascular center | 0

Moderately increased activity of vascular center | 1

Regulation centralization degree

Regulation centralization degree

Central regulation levels — moderate decrease in activity | -1 Central regulation levels — sharp decrease in activity | -2

% %
250

120 200

90 150

60 100 —--

30 50 —f-- -

° HR SD Si ° T HR l SD l Si ]

Fig. 1. Heart rhythm indicators, control stage, pedagogical experiment, TG:
HR — heart rate, beats/min.; SD — standard deviation, ms; Si — stress index, c.u.

Fig. 2. Heart rhythm indicators, control stage, pedagogical experiment, CG:
HR — heart rate, beats/min.; SD — standard deviation, ms; Si — stress index, c.u.
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Fig. 3. Functional class diagram, TG, control stage, pedagogical experiment

Comparing the results obtained at benchmarking and control
stages of the pedagogical experiment, we found the differences
between them to be statistically significant (o < 0.05, all
considered parameters).

Combination of mental and physical exercises prevented
fatigue, normalized status of the body's regulatory systems
and triggered restorative processes. The results show that
TG participants, provided their days are scheduled correctly,
benefit from physical exercise: the functional status of
their bodies improves. A number of researchers stress the
importance of fatigue prevention in children; in the long run,
associated practices help to improve their health and learning
performance, maintaining their CNS and ANS activity at the
levels optimal for adequate functioning of the body on the
whole in the context of studying [2-4, 8]. Another important
observation made by the researchers is the correlation of
functional status and disadaptation risk: the closer the former
to the norm, the lower the latter.

Research of the causes of heterogeneity and instability of
neurohumoral regulation of heart rate in children that results
from constitutional genetic imbalance in AMS maturation at the
certain stage of ontogenesis revealed that the mechanisms of
adaptive reactions are best stabilized when the child's regime is
in order (motor activity, day schedule, nutrition, sleep, psycho-
emotional activity control) [1, 8, 10].

General state of the child's health should be taken into
account when designing practices to improve his or her mental
and physical performance. It is known that lessons without
dynamic activities tend to tire children quicker. Thus, mental
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URINARY DISORDERS AND BLADDER-BOWEL DYSFUNCTION IN
CHILDREN: APPROACHES TO DIAGNOSIS, TREATMENT AND PREVENTION

Moiseev AB, Mironov AA™, Kolbe OB, Vartapetova EE, Polunina VWV, Al-Sabunchi AA, Polunin VS, Buslaeva GN

Faculty of Pediatrics, Pirogov Russian National Research Medical University, Moscow

Pediatric urinary disorders manifested as urinary incontinence, compelling urges to urinate, etc. remain an important problem of
contemporary healthcare. In spite of being extensively covered in the literature, urinary disorders, including enuresis, still present
a diagnostic challenge to the physicians of primary healthcare facilities. Based on the findings of our retrospective study that
revealed discrepancies between referral and final diagnoses of pediatric urinary disorders, we give recommendations to both
physicians of primary healthcare facilities and their inpatient care colleagues that will help them to arrive at the correct diagnosis
of a urinary disorder or concomitant bladder-bowel dysfunction using the proposed diagnostic algorithm.
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HAPYLLIEHUS1 MOYEUCIYCKAHUS 1 COMETAHHbBIE HAPYLLIEHUS
®YHKLMN TA3OBbIX OPFAHOB Y OETEN: MOAXOObl K OUATHOCTUKE,
NIEYEHUIO U NMPODUITAKTUKE
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HapyLueHns modencnyckaHns y geten, NposiBAAtOLIMECH HeOepXaHNEM MOUM, HECTEPMUMbIMIA MO3blBaMU K MUKLN 1 T. 4.,
ABNAOTCH HA CErOAHALLIHNIA AeHb OOHOM N3 aKTyaslbHbIX MPOBIEM OTEHECTBEHHOIO 3APABOOXPAHEHMS. HECMOTPSA Ha LUMPOKOe
OCBeLLeHNE AaHHOM MPOBIeMaTVKL B OTEHECTBEHHbIX 1 3aPYDEXHBIX MCTOUHVKAX IMTEPATYPbI, Y Bpade 0COOEHHO NEPBUHHOMO
3BeHa 30paBOOXPAHEHVA PErYNSPHO BOSHUKAIOT CIOXKHOCTU B MPaBUIIbHON ANArHOCTUKE PacCTPOVICTB MOYEMCIYCKaHKA, B
TOM Yu1cne aHype3da. [1o pesynsratam PeTPOCNEKTNBHOMO aHaM3a PaCXOXKAEHNS HaNpPaBUTENbHBIX AVArHO30B (M3 MEPBUYHOIO
3BeHa 3[PaBOOXPAHEHNS) 1N 3aKIIOHNTENBHBIX KIMHUYECKUX OMarHO30B Yy OeTell C HapyLUEHUAMU MOYEUCMYCKaHUs OaHbl
peKoMeHOaumy No NMpaBUAbHOM OMArHOCTVKE PACCTPOWCTB MOYENCTYCKaHNS, & TakKe COYETaHHbIX HapyLUEHWN yHKLMM
Ta30BbIX OPraHoOB; NPEeaIOKEH TTOPUTM ANArHOCTUKM AaHHbIX HAPYLLEHNN.
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In the past 25-30 years urinary disorders (UD) in children
have been a matter of serious concern for pediatricians,
nephrologists and urologists. Of all urinary conditions affecting
the urodynamics of the lower urinary tract, UD are the most
prevalent and comprise a wide range of disorders caused by
the impaired storage or voiding function of the bladder [1, 3-6].

Etiology and pathophysiology of urinary disorders
in children

UD have different causes, including stress, impaired innervation,
neurosis, sudden changes in the psychosocial environment,
genetics, and infections of the urinary tract. A lot of attention
has been recently paid to the psychosomatic aspects of UD
[2, 7-10].

Micturition is a complex reflex act of excreting the
accumulated urine from the bladder through the urethra; it is
the final stage of eliminating urine from the body. In newborns,
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infants and toddlers the bladder voids involuntary [4, 11, 12].
In older children, uncontrolled micturition signals the delayed
development of the mature reflex and often results from late
toilet training. Children are able to exert partial daytime control
over their bladder at 2-3 years and achieve full dryness during
the day by the age of 3-4 once their micturition centers in
the brain and the spinal cord have matured and the adult
myelination pattern of peripheral nerve fibers has been attained.
By the age of 4-5 years children are able to stay dry through
the night; the girls develop this ability earlier than boys. Full
bladder control ensures adequate socialization. However, the
mature micturition reflex is fully formed only when the child has
learnt to voluntarily control the external periurethral sphincters,
hold urine during the day and at night and intentionally halt its
flow [3, 4, 8, 13].

Parental behavior plays a critical role in the formation
of voiding habits. Parents are advised to start teaching their
child good hygiene and introduce potty training at the age of
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15-18 months encouraging socially acceptable behavior. The
child quickly gets the hang of using the potty through positive
reinforcement. Everything matters in toilet training, even the
shape of the potty. Russian and foreign pediatricians usually
recommend to start training at about 18 months [14]. The potty
should have a simple shape, a solid color, a comfortable seat,
be made of certified and easy-to-wash materials. Toy- or chair-
shaped all-in-one potties in flashy colors should be avoided to
prevent the child from associating the potty with playing, eating
or sleeping [10, 15, 16]. The child gradually develops control
over their bladder and bowel and feels satisfaction of becoming
master of their own body. In this period the parents should be
reassuring and patient, provide a positive feedback and create
a friendly atmosphere in the family. Even the slightest stress or
punishment for being wet or soiled can lead to diurnal/nocturnal
enuresis, fecal incontinence and/or chronic constipation in 70
to 75% of children [1, 2, 10, 17]. Attaining continence is a
milestone in the social, mental and psychosexual development
of the child and a direct outcome of parental efforts
[2,17-19].

In the past 10 to 15 years absorbent hygiene products, such
as disposable diapers, fitted briefs, pads, etc. have become
increasingly popular among the parents of incontinent children
[15, 18]. They are convenient, practical and make the life of
such children more comfortable. But in fact, their continuous
use aggravates the situation. The child gets used to being
dry while being incontinent and stops controlling their bladder
at all. This has a profound impact on the child’s personality
because delayed adaptation to social norms inevitably leads
to immaturity. Although the materials diapers are made from
are “breathable” and meant to prevent the genital area from
overheating, their continuous use can still pose a threat to male
health because the genitals stay too warm under a diaper [8,
11, 15, 20].

Based on our personal observations and the published
literature, we recommmend that parents of incontinent children
should gradually eliminate diapers or other absorbent products
as the first step towards recovery. It can be a real challenge
because ironically it is usually the parent and not the child who
benefits from diapers. Parents will often go in denial thinking
that as long as the child stays dry wearing a diaper both at
night and during the day there is no real problem; still the child
keeps passing urine involuntary unable to control the process.
[t can be much harder to persuade the parents to stop using
diapers than to rehabilitate the child [12, 15, 21, 22].

Some research works in neurophysiology and urology link
UD and impaired urodynamics to the developmental delay of
higher brain centers involved in the autonomic regulation of
the lower urinary tract. Substantial contribution to UD is made
by the hypofunction of the hypothalamus—pituitary complex.
Electroencephalography often detects abnormal electrical
activity in the brain of incontinent children. Hypertonia and
hyperactive sympathetic and parasympathetic divisions of
the autonomic nervous system are another common cause
of daytime incontinence. Disturbances in the regulation of the
sleep/wake cycle by the limbic system and reticular formation
and abnormal production of adrenal, growth or sex hormones
can also result in UD [1, 4, 8, 10].

Some authors have demonstrated that UD severity is
determined by the severity and character of nervous system
pathology. Children who receive adequate treatment aimed at
restoring the normal function of higher brain centers involved
in the autonomic regulation of micturition make a complete
recovery from incontinence. This is key to the effective therapy
of UD in children [5, 9, 17, 23].

It has been established that about 90% of UD are functional
meaning that they can be managed using a wide arsenal of
effective conventional medical and nonmedical therapies, as well
as psychological techniques. Importantly, though, neurological
deficits that suppress maturation of centers exerting control
over micturition resolve at different rates in different children.
Therefore, treatment should be tailored to an individual patient
to produce the desired outcome [1, 11, 24, 25].

Clinical manifestations of UD are very diverse: from different
combinations of diurnal/nocturnal incontinence patterns to
changes in the frequency or volume of the voided urine to
urges to urinate. The most common UD are the urge syndrome
(US) manifested as pollakiuria, a compelling urge to urinate and
urge incontinence and enuresis. Its prevalence in children is
estimated to reach 10%. In patients with renal and urologic
diseases US prevalence is as high as 50-60%. Incontinence
is not an exclusively pediatric condition; it also affects between
1-2% and 5-25% of adults [4, 13, 16, 25].

There is still an ambivalence about passing urine and
stools felt by the modern society that often interferes with
timely diagnosis and treatment of incontinence. On the one
hand, people are constantly reminded that micturition and
defecation are natural important aspects of human existence
like sleeping, eating, etc. On the other hand, they are perceived
as dirty or disgraceful, and discussing them (even with a
physician) is believed to be inappropriate and vulgar. They are
a taboo subject, an embarrassing issue that should be kept in
secret. Therefore, patients do not realize that bladder or bowel
disturbances they may be experiencing are a sign of pathology
and do not rush to seek medical advice until it becomes a real
problem. This explains the disparity in the results of randomized
studies that report incontinence in 1-25% of adults caused by
ethical and psychosocial issues: people find it difficult to tell the
doctor that they have “accidents” [8, 13, 15, 23].

Enuresis is leakage of urine during sleep (more often at
night time than during the day) at the age when full control
over urination is expected to be achieved. According to
Russian authors, full control over bladder should be attained
by the age of 5 years. Foreign authors believe that 6 years
is the right time. Enuresis is estimated to affect 2.3-30%
of children between 5-6 and 15 years of age; of them the
proportion of 5-year-old children is 15-20%; 6-8-year-old,
7-12%, and 15-18-year-old, 1.5-4%. Inthe past, the medical
community (and ICD-10) distinguished between primary and
secondary enuresis. Primary means that the child never had
control of their bladder, secondary means that there was
a period of dryness before the child became incontinent.
At present, more attention is paid to how the condition
progresses [1, 4, 19, 26]. The International Children’s
Continence Society (ICCS; 2011) has proposed to classify
enuresis into monosymptomatic and honmonosymptomatic.
Monosymptomatic enuresis is involuntary voiding of discrete
amounts of urine during nighttime sleep in the absence of
daytime urinary symptoms suggestive of storage/voiding
dysfunction of the bladder. Nonmonosymptomatic enuresis
is a combination of nocturnal and diurnal wetting. Diurnal
incontinence is wetting at daytime when the child is awake
(at night the child stays continent). The reported prevalence of
mono- and nonmonosymptomatic enuresis in children varies.
Some authors estimate that monosymptomatic enuresis is
found in 43% of children whereas nonmonosymptomatic, in
57% of children; others report that monosymptomatic enuresis
occurs in 68.5% patients whereas nonmonosymptomatic,
in 31.5% [3, 7, 8, 11]. According to our observations,
monosymptomatic enuresis strikes 24% of children and
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nonmonosymptomatic, 58%. Diurnal incontinence occurs in
18% of patients.

Agitation and stress are often accompanied by frequent
urination, which in turn can trigger or aggravate incontinence.
Usually, nocturnal enuresis can be kept secret, except when
the child has to stay in other people’s company round the
clock. In contrast, involuntary urination at daytime often occurs
in public places and is more emotionally traumatic for the child
[2, 10, 18, 25].

Today, UD still remain a pressing concern for healthcare
practitioners. The condition can be aggravated by social
stereotypes, family attitude and the lack of medical awareness.
In the majority of cases, voiding dysfunction is perceived as
a shameful situation, lack of hygiene skills, “bad manners” or
even a sign of mental retardation instead of being considered
a serious health condition that should be reported to the
doctor and treated adequately. Urinary disorders are usually
swept under the carpet or ignored by parents who consider
incontinence to be a “unique” feature of their child and a
variation of the norm or punish the child or wait until the child
will outgrow it and therefore do not seek medical advice [15,
20, 21].

Urinary disorders such as incontinence, pollakiuria, or
frequent urges to urinate, are not life-threatening but have
serious social implications. They significantly impair the
psychological development and physical activity of a child,
leave them feeling handicapped, instill guilt, prevent them
from integrating into the society, and negatively affect the
quality of life of the whole family [8, 22, 25]. Problems with
peers, academic underachievement and family conflicts are
common consequences of UD. About 30% of UD result in
recurrent cystitis, vesicoureteral reflux, ureterohydronephrosis,
pyelonephritis and subsequent nephrosclerosis or renovascular
hypertension. UD and bladder-bowel dysfunctions are often
accompanied by pelvic vein incompetence and weakness of
pelvic floor muscles. In adults these conditions can cause sexual
dysfunction (impotence, premature ejaculation or infertility in
men and anorgasmia, vaginismus, prolapse, or miscarriage in
women). Having an onset in childhood, UD and BBD debilitate
economically active population groups and deteriorate their
quality of life [8, 23, 27].

Difficulties in the diagnosis and treatment of urinary and
defecation disorders in children

Extensive observation of our patients with UD has revealed a
few negative trends in the primary healthcare system (mostly
organizational problems) resulting in the delayed or misdiagnosis
of UD and concomitant pelvic floor dysfunction in children.

Table 1. Symptoms of bladder-bowel dysfunction in the examined children

OPINION | UROLOGY

In the past 20 years approaches to the diagnosis, treatment
and rehabilitation of patients with functional UD and bowel
comorbidities have changed dramatically both in Russia and
abroad. Medical treatment has been largely replaced with
nonmedical or combination therapies. Russian physicians have
a great variety of treatment options at their disposal including
anticholinergic drugs, surgical interventions to alleviate the
symptoms (these are rarely used in children), physical therapy,
acupuncture, psychotherapy, self-hypnosis affirmations,
urotherapy (bladder re-education), and pelvic floor biofeedback
therapy (BFT). Each of these effective techniques is actively
promoted, making it hard for a physician to choose one the
patient will benefit from the most. The first-line treatment
of incontinence includes nonmedical and noninvasive
interventions. They are popular among physicians due to
their good diagnostic and rehabilitation potential. Among
such treatment options is electromyographic biofeedback
therapy, which is, in essence, computer-assisted pelvic floor
muscle training (Kegels) [16, 28-30]. Nonmedical therapy also
includes bladder re-education, scheduled voiding/defecation,
psychotherapy and wetting alarms. If nonmedical modalities
are ineffective, medications and physical therapy are introduced
to the regimen alone or in combination [1, 8, 24, 26].

Treatment and rehabilitation of patients with UD will be
ineffective if the diagnosis is inaccurate; therefore, it is important
to discuss the problem of accurate diagnosis in detail. The lower
urinary tract and the distal regions of the gastrointestinal tract
are supported by the pelvic diaphragm; they share blood vessels
and innervation and exert similar functions of storing, holding
and excreting urine or feces. Disorders of the lower urinary tract
(diurnal or nocturnal incontinence, US, etc.) and the intestinal
tract (constipation, soiling) can co-exist aggravating each other
[8, 20, 23, 27]. Patients with concomitant disorders of the lower
urinary tract and the gastrointestinal system are often referred
to in the foreign literature as having bladder-bowel dysfunction
(BBD). This nosology is rarely seen in the medical records of
Russian hospitals. Transition from the diagnostic approach
based on the symptoms of one organ system, such as the
urinary or gastrointestinal tract, to functional, which relies on
the assessment of the integrated contribution of organs
constituting different systems, is an important prerequisite
for the accurate diagnosis and successful treatment of BBD.
This interdisciplinary approach allows doctors with narrow
specialist expertise, such as pediatricians, nephrologists,
urologists, gastroenterologists, proctologists, neurologists,
etc., to have a broader perspective of the problem, establish
a timely and accurate diagnosis independent of each other,
and choose an adequate treatment regimen for a patient
with BBD.

Symptoms of BBD Boys Girls Total

Abs. number % Abs. number % Abs. number %
Enuresis + US + chronic constipation + encopresis) 93 4.6 161 7.8 254 12.4
Enuresis + chronic constipation + encopresis 147 7.2 53 2.6 200 9.8
Enuresis + US + encopresis 53 2.6 67 3.3 120 5.9
Enuresis + encopresis 40 1.9 14 0.7 54 2.6
Enuresis + chronic constipation 27 1.3 12 0.6 39 1.9
Enuresis + US + chronic constipation 12 0.6 15 0.7 27 1.3
US + chronic constipation + encopresis 28 1.4 25 1.2 53 2.6
US + chronic constipation 3 0.1 49 2.4 52 2.5
US + encopresis 13 0.6 28 1.4 41 2
Total 416 20.4 424 20.7 840 411
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The importance of the interdisciplinary approach is
confirmed by the data obtained during the examination and
treatment of 2,043 children aged 7 to 18 years who presented
with nonorganic UD in 2003 through 2013 (881 boys and 1,162
girls, mean age of 9.8 + 3.4 years, p = 0.05). The nonorganic
(functional) etiology of UD was confirmed by the complete
examination of the urinary system. The patients constituted 3
age groups: 7-10 years, 11-14 years and 15-18 years; each
of the groups was divided into the subgroup of boys and the
subgroup of girls. In 840 children (41.1%), of whom 416 (20.4%)
were boys and 424 (20.7%) were girls, BBD manifested itself
as a combination of enuresis, US, stress incontinence, chronic
constipation, and encopresis (soiling) (Table 1).

Bladder-bowel dysfunction was prevalently manifested as
enuresis (34%), chronic constipation (30.6%), US (26.8%), and
a combination of chronic constipation and encopresis (24.8%).

The data demonstrating the relationship between a BBD
symptom and a child’s age are also interesting. BBD was
manifested as concomitant enuresis, US, and encopresis
predominantly in boys and girls between 7 and 11 years of age
and also in girls aged 11-14 and 15-18. Co-existent symptoms
of enuresis, US, encopresis, and chronic constipation were
observed in all age groups, except for the boys between 15
and 18 years. A combination of enuresis, US and chronic
constipation only occurred in children between 7 and 10 years,
whereas enuresis + soiling occurred in children between 11
and 14 years. Concomitant enuresis, encopresis and chronic
constipation were diagnosed in children aged 7-10 and in boys
aged 11-14. US and comorbid encopresis were observed in
children aged 7-10 and in girls of 11-14. A combination of US
and chronic constipation occurred only in girls in all age groups,
while US, soiling and chronic constipation were coexistent in
boys between 7 and 10 years of age and in girls aged 11 to 14
years. The older the children were, the rarer and less varied the
BBD symptoms became.

While conducting the retrospective analysis of pediatric
medical histories, we found that the diagnosis established at
a primary care facility that eventually referred the child to an in-
patient facility was not always concordant with the final clinical
diagnosis (Table 2).

The primary diagnosis of enuresis was established in
49.7% children, whereas its actual incidence was 2.2. times
lower: it was verified only in 23% of the admitted inpatients
(o < 0.01). Physicians of primary care facilities were often
unable to notice other symptoms of urinary and defecation
disorders. As a result, some children did not have a verified
diagnosis before they were admitted to hospital: 20.9% of them
were diagnosed with a neurogenic dysfunction of the bladder
of unspecified etiology. Isolated US was not specified in the
referral diagnosis, but as a final diagnosis it was established in

was diagnosed in 29.4% vs 41.1% of in-hospital diagnoses
(o < 0.01), meaning that its actual incidence was 1.4 times
higher. The obtained data indicate that physicians at primary
care facilities tend to overdiagnose enuresis and underdiagnose
US and BBD in children with urinary and defecation disorders.
Besides, many doctors erroneously think that any urinary
disorder or incontinence is a case of enuresis. However,
Russian authors and ICCS guidelines (2011) define enuresis
as involuntary voiding of urine during sleep. In our retrospective
study, urinary disorders, both isolated and concomitant with
defecation disorders, were often mistaken for enuresis, which
naturally resulted in the wrong treatment strategy and poor
treatment outcome.

We believe that there are two major reasons underlying
over-, under- and misdiagnosis of urinary disorders and BBD:
doctors working at primary care facilities do not have sufficient
medical knowledge of these conditions and are too pressed
for time to take full medical history and analyze the presented
problem. Patients are referred to different specialists again
and again but doctors cannot arrive at the right diagnosis,
therefore, treatment is delayed. Unfortunately, doctors often
prescribe wrong treatments that do not help the patient, which
causes frustration both in parents and their child as well as
dissatisfaction with the quality of healthcare.

To improve the situation, physicians should be encouraged
to maintain their certification. Information about pediatric UD and
BBD should be included in the syllabus of professional training
courses. At present, primary care facilities focus on improving
the availability and quality of medical care. Better life quality
for children is one of top priorities of modern healthcare that
can be achieved, among other things, through timely diagnosis
of urinary and defecation disorders. Adequate treatment will
facilitate children’s social adaptation allowing them to cope
with the challenges of the current economic situation. Today
patients are free to choose a medical care facility they want to
seek advice at by channeling their health insurance payments
to the preferable clinic. This stimulates competition between
and among private and state-funded facilities.

The schematic algorithm below was developed by the
authors to help doctors working at inpatient and primary care
facilities make a successful clinical diagnosis of UD and BBD
in children (Fig. 1).

CONCLUSIONS

UD and BBD have various causes. To establish an accurate
diagnosis of UD or BBD, a multidisciplinary approach should be
applied. It is important to rule out BBD and organic pathology
in children with urinary incontinence prior to starting therapy.
The first-line treatment of UD/BBD includes electromyographic

188 (9%) of the admitted patients. At primary care facilities BBD  biofeedback therapy, urotherapy, scheduled voiding/
Table 2. Concordance of the referral and final clinical diagnoses
Referral Final
Diagnosis
Abs. number % Abs. number %
Enuresis (isolated) 1015 49.7 470 23
Urge syndrome (isolated) 0 0 184 9
Enuresis and urge syndrome 0 0 268 13.1
Enuresis and stress urinary incontinence 0 0 198 9.7
Infrequent micturition 0 0 83 41
Concomitant bladder and bowel dysfunctions 601 29.4 840 411
Neurogenic dysfunction of the bladder of unspecified etiology 427 20.9 0 0
Total 2043 100 2043 100
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Pediatrician/GP

:

Medical history: complaints of urinary or/
and defecation problems

Complete blood count, urinalysis, kidney
and bladder ultrasound scans, uroflowmetry,
frequency of involuntary urination, X-ray
scans of the urinary and gastrointestinal tract,
psychological tests to assess anxiety, self-
esteem and identify hidden wishes
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Boys Refer to a urologist
Girl Refer to a
ins gynecologist
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¥
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Rehabilitation Treatment

Biofeedback +
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+ Medical + therapy
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Fig. 1. The schematic algorithm for the diagnosis of urinary disorders and bladder-bowel dysfunction in children

defecation, psychotherapy, and the use of wetting alarms.
Parents are advised to gradually eliminate diapers, fitted
briefs or other absorbent hygiene products. If the first-line
therapy does not produce the desired effect, medications,
physical therapy, or a combination of both should be started.
Treatment and rehabilitation outcomes can be significantly
improved through maintaining the continuity of care for patients
transferred from the outpatient to inpatient setting. To solve
the problem of delayed diagnosis in children with UD/BBD,
the following measures are proposed from the experience of
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EVALUATION OF ABSORBED DOSE DISTRIBUTION IN MELANOMA B16F10
DURING CONTRAST ENHANCED RADIOTHERAPY WITH INTRATUMORAL
ADMINISTRATION OF DOSE-ENHANCING AGENT
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Contrast-enhanced radiotherapy (CERT) is a binary treatment modality in which the absorbed radiation dose is not only determined
by the parameters of the external radiation source but also affected by the concentration of a dose-enhancing agent (DEA) in the
studied object. In this work we assessed the distribution of the absorbed dose in a murine B16F10 melanoma injected with a
single dose of an aqueous Bi-DTPA solution. The mice were exposed to a single fraction of X-ray irradiation for 28.5 min. In vivo
measurements of DEA concentrations were done on a micro-CT scanner using the radiopacity values of malignant tissues from
the obtained CT images. We found that the presence of DEA enhanced the absorbed dose more than twofold in 6% of the tumor
volume; in 29% of the tumor volume the absorbed dose increased more than onefold. The tumor growth delay time calculated for
our model was 0.76 days (we only accounted for the damage caused directly by radiation), whereas in our previous research study
tumor growth delay was 10 days. This discrepancy may indicate that in the tumors exposed to contrast-enhanced radiotherapy
growth delay results from both the damage directly caused by radiation and other antitumor mechanisms.
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WCCNEOOBAHUE PACNPEQEJIEHNA MOMOLWEHHON [03bl NPU
®OTOH-3AXBATHOW TEPANUN C UHTPATYMOPAJIbHbIM
BBEAEHVNEM AO30MOBbILLUAKOLLEIO ArEHTA B MEJTAHOME B16F10
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" HaupmoHanbHbIn MeguUMHCKN NCCnefoBaTenbCKUn LIEHTP OHKonorum uvenn H. H. BnoxuHa, Mockea

2 depepanbHbIi MEAVILIMHCKWIA B1odranHecknii LIeHTp umenn A. V1. BypHassiHa, Mocksa

8 VIHCTUTYT 0bLLelt 1 HeopraHumdeckom xummn uvenn H. C. KypHakosa, Mocksa

4 POCCUNCKIIA HAUMOHaBHBIA MCCNenoBaTebCKUn MEAVLIMHCKIMIA yHMBEpCUTET Menn H. . TMinporosa, Mocksa
5 HawwoHaneHbIN MCCnefoBaTensCKUA TexHonorm4eckuin yHnsepceutet «MCuC», Mocksa

5 CKONMKOBCKUIA UHCTUTYT HayKM 1 TexHonorui, Mockea

7 MOCKOBCKMIA KIMHNHYECKIIA Hay4HO-NPaKTNYeCcKuin LLeHTp umeHn A. C. JlornHoBa, Mocksa

B doToH-3axeatHomn Tepanumn (OP3T) BenmymHa NMoroLLeHHONM 403kl ONPefenseTcs He TONbKO NapameTpamMm 06yHeHrs, HO 1
KOHLIEHTpauvern godonossbilwatollero areHta (AMA) B ob6nydaemMom obbekTe. B gaHHoM paboTe Obifio NpoBeAEHO pacHeTHO-
SKCMEepPVIMEHTAIbHOE UCCNeNOBaHNe pPacnpeneneHs noroLEeHHON 003bl HA OMyXONEBOW MOAENN MbILLMHON MeNaHOMbI
B16F10, nocne ogHOKpaTHOM NHTPATYMOPaIbHOM MHBEKLMN BUCMYyTa B KadecTBe 1A B hopme BOAHOMO pacTBOpa KoMmekca
Bi-OTMA. OueHKy MOrIOLLEHHOW [03bl MPOBOAVAM A1 OOHO(PAaKLUMOHHOIO PEHTIEHOBCKOMO 06/yYeHNs OINTENBHOCTHIO
28,5 MuH. KonudecteeHnHoe onpegenenvie OMA in vivo OCyWeCTBRSAM MpY MNOMOLLM MUKPO-KT, MCnonb3yst 3Ha4eHns
PEHTIEHOMIOTHOCTM OMyXONEBbIX TKaHern Ha noftyderHbix KT-Tomorpammax. B pesynsrarte nccnenoBaHns yCTaHOBIEHO, YTO
3a cyeT npucyTeTsusa AMNA B 6% obbema onyxonu NoroLLeHHasd Ao3a yBennymBanack 6onee Yem B 2 pasa 1 B 29% obbema
OnNyxOnu HabMOAAN0Ch YBENMHEHME MOMOLLIEHHOM A03bl, OTIMYHOE OT 1. Bpems 3agepykku pocTa Onyxonu, paccHnuTaHHoe
[N MONYYEHHOro 4030-00bEMHOMO PacrnpefeneHnst ¢ y4eTOM TOMbKO HEMoCpPedCTBEHHOIO PaaMaLiOHHOrO NOPasKEHWs!
OMyXONeBbIX KNETOK, cocTaBno 0,76 CyTOK, TOrda Kak B paHee NpoBeAEHHbIX SKCNEPUMEHTaNBHbIX NCCNeA0BaHNSAX AaHHasA
Benm4ymHa paBHanack 10 cytkam. NonydeHHOe HECOOTBETCTBME MOXET YKa3blBaTb HA TO, YTO TOPMOXKEHNE POCTa OMyXOonn
npu ®3T ¢ nHTpaTymopabHbiM BBeAeHeM A 0oCTUraeTcst 3a CHET He TONbKO HEMOCPEACTBEHHOMO paavalioHHOro
MOPakeHNs1 ONyxXon, HO 1 MHbIX MPOTMBOOMYXONEBbIX MEXaH3MOB.
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Fighting cancer is one of the top public health priorities.
Radiotherapy is an effective treatment modality used in patients
with different malignancies. However, its efficacy against some
radioresistant tumors remains as low as 30-50% [1]. It can
be improved by increasing the absorbed radiation dose at
the cost of damage to healthy surrounding tissues. One of
the methods of increasing the absorbed dose while sparing
healthy tissues is contrast-enhanced radiotherapy (CERT), in
which dose enhancement is achieved by injecting or otherwise
delivering dose-enhancing agents (DEA) to the tumor. DEA are
chemical elements with high Z numbers > 52, such as |, Gd,
Au, Pt, Bi, etc. These elements readily absorb external X-rays
and therefore can be used to enhance the dose absorbed by
the tumor at the site of their uptake [2-4]. Unlike conventional
radiotherapy in which tumor geometry is important, CERT
precision is ensured by the tumor-tropic properties of DEA-
based pharmaceuticals. The antitumor effect of CERT has
been demonstrated in a number of research studies conducted
in animals [5-11]. Unfortunately, the obtained results cannot be
translated into clinical practice, because a treatment outcome
cannot be predicted without establishing a correlation between
the observed therapeutic effect and the absorbed radiation
dose/its distribution in the tumor.

The hardest part of both research and clinical studies of
CERT efficacy is dosimetry, which is also its least elaborated
component. CERT is a binary modality; the absorbed dose
and its distribution in the tumor volume are determined not
only by the parameters of external radiation, but also by DEA
concentration and distribution in the tumor volume.

The intratumoral route of DEA administration is used in the
studies of CERT tumor suppressing efficacy both in lab animals
[12-17] and in real patients in the clinical setting [18].

The aim of this work was to study the distribution of bismuth
during CERT in the volume of a tumor grown from B16F10
murine melanoma cells following the intratumoral administration
of its single dose and to analyze the dose-volume histogram
data.

METHODS

The study was conducted in C57BI/6 female mice weighing
20 to 22 g purchased from Stolbovaya breeding and nursery
laboratory (Research Center for Biomedical Technologies of
FMBA; Russia). The animals were housed in a conventional
facility under natural lighting conditions. Murine melanoma
B16F10 was used as a tumor model. The 14% cell suspension
in 0.2 ml Hanks balanced salts prepared ex tempore was
injected subcutaneously in the middle third of the right hind leg.
DEA distribution was measured in the tumors of 6 animals once
the malignancies reached ~700 mm? in size. Tumor dimensions
were measured with a caliper in three perpendicular planes and
the tumor volume was calculated using the ellipsoid volume
formula.

Bismuth diethylenetriaminepentaacetic acid (Bi-DTPA) used
in our previous research study of CERT efficacy was chosen
as DEA [15]. Properties of the Bi-DTPA aqueous solution are
shown in the Table.

The animals received a single bolus intratumoral injection
of 50 pl of the Bi-DTPA solution containing 5 mg of bismuth.

Distribution of DEA in the tumor volume in vivo was studied
by micro-CT [19-21] performed on the IVIS Spectrum CT
scanner (Perkin Elmer; USA). For the procedure, the mice
were anesthetized with 2% isoflurane in air. The whole body
scans were obtained before the injection, ~1 min after the
injection, and then 3, 5, 10, 15, 20, 25, and 30 min following
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the injection. Examples of CT tumor images obtained before
and after intratumoral DEA administration are shown in Fig. 1.
Once the scanning was completed, the anesthetized mice
were euthanized by cervical dislocation.

DEA concentrations in the tumors were calculated from the
radiopacity per each pixel of the tomographic image. Because
the absolute radiopacity values for the homogenous object
returned by the IVIS Spectrum CT scanner depend on the
tomographic slice number and differ significantly between in
the central and peripheral zones of a studied object [22], we
calculated DEA concentrations from the difference between
the radiopacity of tumor tissues measured before and after
the DEA injection. Calibration curves were constructed from
the scans of reference tubes containing solutions with known
bismuth concentrations (Fig. 2).

To estimate the absorbed radiation dose per pixel on the
CT image of the tumor, the dose enhancement factor (DEF)
was calculated for the corresponding DEA concentration in this
particular pixel measured in every studied time interval. DEF is
a ratio of the dose absorbed by an object in the presence of
DEA to the dose absorbed in the absence of DEA, irradiation
parameters being the same. DEF is calculated by the formula:

DEF =D

DEA

€ /D, 1

where D, (C) is the absorbed dose at a point in an object
containing the DEA concertation C irradiated with /; intensity at
this particular point; D, is the absorbed dose at the same point
in the same object with zero DEA concentration (C = 0) upon
irradiation with the same intensity /, [23].

DEF was calculated from measured DEA concentrations
based on experimental and theoretical data [2, 24]. DEF
values were time-averaged in the 0-30 min interval; the same
irradiation time was used in our previous work [15]. Then
tumor voxels with the same average DEF values were added
up to obtain dose-volume histograms. Because the presence

Table. The main physical and chemical properties of the Bi-DTPA solution

Parameter Value
Gross formula BiNa,C, ,H,,0, N,
Molecular weight, Da 643.253
Metal content, wt% 34
Molarity M 0.5
Solution pH 7.4
Density at 20°C, g/cm?® 1.19
Complex stability, logK 31

Fig. 1. The CT scans of a mouse with melanoma B16F10 before (A) and after (B)
the intratumoral injection of 50 pL of the Bi-DTPA solution containing bismuth at
a concentration of 104.5 mg/mL
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of DEA leads to a local increase of the absorbed dose (the
tumor or its part receives a radiation dose exceeding the one
expected in the absence of DEA), we used modified cumulative
dose-volume histograms different from those constructed for
a conventional radiotherapy. The histograms demonstrate the
dependency of DEF on the relative tumor volume expressed
as percentages. In our study, each relative tumor volume was
plotted against the minimal corresponding DEF. This type of
dose-volume histograms is more informative for CERT because
it visually represents the role of DEA in enhancing the radiation
dose absorbed by the organ. The analysis of CT images, DEF
computation and construction of dose-volume histograms
were done in MATLAB (MathWorks; USA).

RESULTS

The analysis of Bi-DTPA distribution in the tumor injected with a
single dose of DEA revealed that the half-life of Bi-DTPA in the
tumor was 3 min. By minute 30 the tumor retained only 4% of
the injected bismuth (Fig. 3).

The volume of Bi-DTPA distribution measured 1 min after
the injection was 219 + 35 mm?® (24 + 1% relative to the total
tumor volume) (Fig. 4).

During the first two minutes after the injection there was a
competition between Bi-DTPA distribution in tumor tissues and
its elimination from the tumor, which kept the DEA-containing

50 000
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Bi concentration (mg/ml)

Fig. 2. The calibration curve showing the changes in radiopacity (ACT) detected on
CT images produced by the micro-CT scanner IVIS Spectrum CT plotted against
bismuth concentrations
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Fig. 4. The kinetics of DEA relative distribution volume in the tumor plotted
against time elapsed after the injection

tumor volume unchanged. Then it started to decline gradually
and by min 25 following the injection was as low as 1-7% of
the total tumor volume. The modified dose-volume histograms
are shown in Fig. 5.

As shown by the histograms, a twofold increase in the
absorbed radiation dose was observed for 6% of the total
tumor volume. Additional energy release exceeding the nominal
radiation dose (DEF > 1) due to the presence of DEA was
observed in 29% of the total tumor volume.

DISCUSSION

The obtained dose-volume histograms (Fig. 5) reveal a markedly
nonuniform distribution of DEA in the tumor volume. The
maximal predicted DEF value at the site of the maximum DEA
concentration irradiated for 28.5 minutes is 4. This ensures
an absorbed radiation dose of 80 Gy at the dose intensity of
0.7 Gy/min. However, such a significant increase in the
absorbed dose was observed for only 0.1% of the tumor
volume. A 1.5-fold or more dramatic increase in the absorbed
dose (> 30 Gy at the same dose rate) caused by the presence
of DEA was observed in 10% of the tumor volume.

In order to estimate the maximum growth delay for the
irradiated tumor, the following assumptions were made:

1) the irradiated tumor grows exponentially, its doubling
time being Td [25];

120
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0 5 10 15 20 25 30
Time post injection (min)

Fig. 3. The kinetics of bismuth relative mass content in the tumor plotted against
time elapsed after the injection
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Fig. 5. The modified dose-volume histogram for B16F10 melanoma injected with
DEA and subsequently exposed to X-rays for 28.5 minutes
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2) the death of tumor cells is caused only by direct damage
induced by radiation;

3) total cell death is observed in that 10% of the tumor
volume which was irradiated with a dose over 30 Gy.

The last assumption was made to simplify the estimation of
the maximum growth delay time. If some cells in the irradiated
volume do survive, the growth delay will be shorter, but the
minimum growth delay time will not be affected. If the volume
of the cells that survive irradiation in the absence of DEA is
taken as V,, then the volume of the cells surviving irradiation in
the presence of DEA injected into the tumor will be 0.9 V.. If the
doubling time is the same in both cases and equals 5 days (17,
26] and the tumor grows exponentially, then the growth delay
time will not exceed 0.76 days in the tumor exposed to CERT.

However, our previous experiments [15] demonstrated
a longer 10-day tumor growth delay in tumors injected with
DEA and exposed to X-ray radiation in comparison with those
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MECHANISMS OF CELL DEATH UNDER IRRADIATION OF LUNG CANCER AND
MELANOMA CELLS WITH ULTRA-HIGH DOSE RATE PHOTON RADIATION
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Research into the effects of radiation delivered at ultrahigh dose rates > 1 x 107 Gy/min to biological objects is a new promising
area of radiobiology. The unique characteristics of the high-current nanosecond electron accelerator Mir-M enable its use in
medical and biological research, specifically in the experiments aimed at investigating the effect of therapeutic doses at a dose
rate up to 100 MGy/s. In this work we study the effects of ultrahigh dose rate photon radiation on human lung carcinoma
(AB49) and melanoma (MelMtp-x) cells lines and compare them with those of the therapeutic gamma unit Rokus-AM. We show
that ultrahigh dose rates induce more significant damage in the studied cell lines at doses between 2 and 7 Gy, radioresistant
melanoma being more sensitive to photon radiation delivered at ultrahigh dose rates.
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NCCNIEOQOBAHUE YPOBHA OBYHUTEBbBLIX PA3PbIBOB AHK U MEXAHN3MOB
KNETOYHOW NMBENN NPU BO3OENCTBUN HA KITETKW PAKA JIETKOIO
N MENAHOMbI ®OTOHHOIO NU3NMYYEHUNSA CBEPXBbICOKOW MOLLIHOCTU

T. M. Kynunny', E. T. Kpactener?, HO. A. Bbikos?, B. . CmumpHoB?2, A. M. LLUnwkuH!, A. B. ViBaHoB!, B. K. BoxeHko'®

" Poccuiicknin Hay4HbIN LIEHTP peHTreHopaanonorumn, Mockea
2 O6bEeOVHEHHDIA MHCTUTYT BbICOKMX TeMnepaTtyp Poccuiickoin akagemmnn Hayk, Mockea
3 AO «Hay4Ho-1ccnenoBaTensCKuii UHCTUTYT TEXHUHYECKOW 3k 1 aBTomaTnaaumm» fockopnopauum «Pocatom», Mocksa

13y4eHme BAVSHNSE DOTOHHOIO U3MYyHEHNsT CBEPXBLICOKOM MOLLIHOCTY (MOLLHOCTb A03bl > 1 x 107 p/MuH) Ha Bronornyeckmne
0OBEKTBI ABNAETCH HOBbIM Y MEPCMNEKTUBHBIM HanpaBeHNeM paamroboMonorim. dkcnepumMeHTansHas yctaHoska «MVIP-M»
06nafaeT YHUKaNIbHbIMI XapakTepUCTUKaMM, MO3BONSIOLLMMY MPOBOAUTL Ha HEW MednKO-O1ONormyeckme aKCnepumMeHTbl
N U3y4aTb BANSIHWE TepaneBTUHECKMX A03 MpPW MHTEHCMBHOCTM A03bl A0 100 MIp/c. Liensto paboTsl 66110 nccnenosatb
BNVSHNE (DOTOHHOMO U3MTY4EHNST CBEPXBLICOKON MOLLIHOCTW Ha KNETKM OMyXOEBbIX NIMHMI paka nerkoro (A549) 1 menaHombl
(MelMtp-x), NpoBeCTM CpaBHeHWEe MNOMyYeHHbIX 3NAEKTOB C BO3AENCTBMEM Ha KIETKM U3MYyHEHMS TepaneBTU4eCKon raMmma-
YCTaHOBKM «Pokyc-AM». Moka3aHo, YTO 13/yHeHe CBEPXBbICOKOM MOLLHOCTI MMEET BoJbLLee MOBPeXJatoLLee BO3AENCTBIE
Ha KNETKM NCCNEAyEeMbIX OMyXONEBbIX IMHM B Ananas3oHe 403 OT 2 A0 7 [p, Mpyn STOM paariope3nCTeHTHAsA NIMHMS MeNaHOMbI
bonee 4YyBCTBUTENBHA K (DOTOHHOMY M3MTyHEHNIO CBEPXBBICOKOM MOLLHOCTU.
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anonTos, AByHuUTeBble paspbiebl JHK
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Just like chemotherapy and surgery, radiation therapy is an
important cancer treatment modality. Among the problems
that have been receiving a lot of attention lately are individual
sensitivity of patients to radiation and the choice of adequate
radiation strategy [1-3]. The efficacy of treatment can be
improved by applying ultrahigh dose rate radiation, which at
the same time can reduce the adverse effects of radiotherapy.
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However, some authors report that increased dose rates
produce no biological effects, whereas others point to severe
biological damage caused by radiation with ultrahigh dose rates
[4-7]. Our previous in vitro study [8] has demonstrated that
exposure of peripheral blood lymphocytes to photon radiation
with dose rates of ~10° Gy/s entails some effects different from
those of standard dose rates used in conventional radiation
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therapy. Our findings suggest that ultra high-dose photon
radiation may be more beneficial for the patient in terms of its
therapeutic ratio and the mechanisms of damage induced.
Photon radiation delivered at ultrahigh dose rates may one day
become a new component of cancer treatment.

The aim of this work was to study the effect of ultrahigh
dose rate photon radiation generated by the experimental
Mir-M machine on human cancer cell lines in vitro.

METHODS

Photon pulses were generated by the experimental high-current
nanosecond electron accelerator Mir-M developed at the Joint
Institute for High Temperatures, RAS (Moscow). The dose rates
ranged from 1 x 10° to 4 x 10° Gy/min. Standard therapeutic
doses of 1 Gy/min used in patients with malignant tumors were
generated by the therapeutic Co60-based gamma-ray unit
Rokus-AM.

To study irradiation effects on a biological model in vitro,
2 cell lines were chosen: MelMtp-x (human melanoma cells
from the collection of Blokhin Cancer Research Center, Russia)
and A549 (human lung carcinoma 300114 from the Cell Lines
Service repository). We assessed the cytotoxic effect of both
radiation types by measuring the total number of killed cells,
the proportion of apoptotic and necrotic cells, and the number
of double-strand DNA breaks (DSBSs).

The cells were thawed and cultured following standard
protocols. A549 cells were cultured in the DMEM medium

(PanEco; Russia). MelMtp-x cells were cultured in RPMI 1640
(Gibco; USA). Both media were supplemented with 10% fetal
bovine serum (S1800; BioWest; France).

Irradiation of the samples on the "Mir-M" and therapeutic
gamma-unit "Rokus-AM" were produced by the described
methods [8].

The cytofluorometric analysis was performed on the Flow
Cytometer Cytomics FC 500 (Beckman Coulter; USA) equipped
with an argon ion laser (A = 488 nm).

The number of double-strand DNA breaks was estimated
from the levels of phosphorylated H2A.X histone using the
17-344 H2A X Phosphorylation Assay Kit for Flow Cytometry
(Millipore; USA) according to the manufacturer’s protocol.

Cell death pathways in the irradiated samples were studied
24 and 48 hours after irradiation with the help of the Annexin
V-FITC Kit (Beckman Coulter; USA). The kit contains annexin V
and propidium iodide (Pl) and can be used to simultaneously
estimate the proportion of both apoptotic and necrotic cells
[8]. The significance of differences was assessed by Sudent's
t-test. Differences were considered significant at p < 0.1.

RESULTS

The relative number of DSBs did not differ significantly between
the A549 (human lung carcinoma) cells irradiated at standard
therapeutic dose rates and those exposed to ultrahigh dose rate
radiation (Fig. 1A). For MelMtp-x cells irradiated with standard
therapeutic doses generated by Rokus-AM, the dose-effect
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Fig. 1. Changes in the relative number of double-strand DNA breaks in A549 (A) and MelMtp-x (B) cells irradiated with therapeutic (Rokus-AM) and ultrahigh dose rate

photon radiation (Mir-M)
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relationship was linear, in contrast to MelMtp-x cells exposed
to Mir-M pulses that demonstrated a nonlinear relationship
(Fig. 1B). Photon pulses applied to MelMtp-x cells at doses
from 2 to 5 Gy caused a sharp increase in the relative number
of DSBs (65.7-80%; p < 0.1). For doses > 7 Gy, the levels
of DSBs did not differ significantly between the two studied
radiation types, reaching their maximum of 95%.

While analyzing the number of killed cells, we discovered
a few different patterns possibly related to the radiation type
applied and the specifics of the used cell lines (Fig. 2). The 24-h
incubation of A549 cells irradiated with therapeutic gamma
rays did not result in a significant increase in the number of
killed cells; Pl-positive cells made up only 6% of the total cells
in the culture (Fig. 2A). But longer post-irradiation incubation
time (48 h) caused a significant increase in the number of
killed cells: 32.6% at 8 Gy and 41.2% at 16 Gy. Significant
differences were also observed for the number of Pl-positive
cells between the MelMtp-x cultures irradiated at ultrahigh
dose rates and subsequently incubated for 24 h, unirradiated
controls and MelMtp-x irradiated with therapeutic gamma rays
generated by Rokus-AM (Fig. 2B). The proportion of killed
cells grew significantly at a dose of 1.4 Gy and higher (14.8%)
reaching its maximum at 11.7 Gy (31.2%). At the same time,
extended 48-h incubation of the samples irradiated by the
Mir-M machine did not cause a significate rise in the number
of killed cells. Interestingly, the differences in the proportion of
killed cells between the cultures undergoing 48-h incubation
and irradiated by different radiation sources were insignificant.
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In MelMtp-x cultures irradiated by Rokus-AM the proportion
of killed cells was no bigger than 7%; incubation time did
not have any effect on cell mortality. Exposure to ultrahigh
dose rates followed by 24-h incubation did not produce any
significant therapeutic effect. But longer 48-h incubation led
to a sharp rise in the proportion of killed cells in the sample:
13.4% at 2.5 Gy and 33.8%. at 11.8 Gy.

The analysis of cell death pathways revealed that the
contribution of apoptosis to cell death was the largest (Fig. 3).
For A549 cells, significant differences in the levels of apoptosis
induced by photon radiation as compared to the therapeutic
gamma rays generated by Rokus-AM were observed at doses
> 1.4 Gy given that the cells were incubated for 24 h (Fig. 3A).
When incubation time was increased to 48 h, the differences
were leveled out. However, the rise in the number of apoptotic
A549 cells was significant for both irradiation types: in A549
cells exposed to ultrahigh photon radiation doses of 11.7 Gy
the level of apoptosis was 21.4 + 3.2% after 24 h of incubation
and 43.0 + 5.2% after 48 h of incubation. In the culture exposed
to 16 Gy doses generated by Rokus -AM and incubated for
24 h, the proportion of apoptotic cells was 4.8 + 0.7%; 48-h
incubation resulted in the higher level of apoptosis (38.4 + 4.6%).

The proportion of apoptotic MelMtp-x cells measured after
irradiation with standard therapeutic gamma ray doses did
not exceed 4%; incubation time did not affect cell mortality in
the culture. Exposure to = 5 Gy photon radiation followed by
48-h incubation led to a reliable increase in the proportion of
apoptotic cells (Fig. 3B).
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Fig. 2. Changes in the number of killed cells in A549 (A) and MelMtp-x (B) cell cultures irradiated with therapeutic (Rokus-AM) and ultrahigh dose rate photon radiation (Mir-M)
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The proportion of necrotic A549 cells measured after
irradiation with photon pulses generated by Mir-M was
significant at 4.3 Gy (38.6% of the total killed cells in the culture)
and at 11.7 Gy (30.6%) if the cells were incubated for 24 h
(Fig. 4A). This proportion shrank to 7.1% and 6.1%, respectively,
if the cells were incubated for 48 h. This leads to a supposition
that in the A549 culture necrotic cells are eliminated within
48 hours while apoptosis induced by ultrahigh photon radiation
doses goes on.

While analyzing the level of necrotic cells in the irradiated
MelMtp-x culture, we found out that it did not differ significantly
between the cells exposed to different radiation sources
and incubated for 24 h (Fig. 4B). When incubation time was
extended to 48 h, the proportion of necrotic cells increased
in the samples irradiated by Mir-M with 1.58 Gy. At 2.6 Gy
this proportion was 8.9 + 1.1% making up 66.4% of total cell
death; at 11.8 Gy the level of necrosis reached 17.5 + 2.1%
(51.8% of total cell death).

DISCUSSION

Our study demonstrates that cell mortality measured in
irradiated A549 (human lung carcinoma) and MelMtp-x
(human melanoma) cells is higher for the cells exposed to
photon radiation generated by Mir-M, although the number of

induced DSBs is comparable between these two cell lines. The
proportion of apoptotic cells is significantly higher in the A549
culture irradiated at ultrahigh dose rates.

The number of radiation-induced DSBs characterizes the
DNA-damaging capacity of radiation and largely determines
the fate of the affected cell [9]. The cell responds to this
traumatic event by activating DNA repair pathways; if DNA
integrity cannot be restored apoptosis is launched. Problems
at any stage of DNA repair lead to chromosomal aberrations
and eventually to cell death [10].

The number of DSBs estimated in our experiment is
determined by the parameters of the radiation type and
the state of DNA repair systems, in the first place. The
relationships between the number of DSBs in A549 cells
and the radiation type applied turned to be linear and almost
identical, meaning that the damage caused by ultrahigh
and standard therapeutic dose rates was comparable or
that DNA repair mechanisms were intact in this cell line. In
A549 cells irradiated at ultrahigh dose rates, apoptosis is
induced 24 h after the exposure, whereas therapeutic gamma
rays trigger it only 48 h after irradiation. One can assume
that damage caused by the energies generated by Rokus-
AM does not prevent A549 cells from activating their DNA
repair mechanisms, while damage induced by Mir-M ultrahigh
dose rates is soon identified by DNA repair mechanisms as
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Level of necrosis in A549 cells
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irreversible, and apoptosis is triggered as early as 24 h after
the exposure. The proportion of apoptotic cells remains high
48 h after irradiation at ultrahigh dose rates but the level of
necrosis drops.

The number of DSBs was significantly higher in the
MelMtp-x culture irradiated with doses ranging from 2.15 to
7.6 Gy generated by the Mir-M machine. Possibly, at doses
starting from ~2 Gy the type and extent of DNA damage in
the cell prevent DNA repair systems from exerting their
function. The results of cell death analysis in MelMtp-x cells
are consistent with the reports of melanoma radioresistance
[11, 12]; exposure to radiation generated by the therapeutic
gamma ray machine Rokus-AM hardly induces cell death,
which means that either apoptosis is not activated in response
to DSBs [13], or DSB reparation is effective [14]. Cell death
was observed in melanoma cells irradiated at ultrahigh dose
rates with the same doses (= 2.15 Gy) that caused an increase
in the number of DSBs. Cell death was induced on day 2
after irradiation. Both apoptosis and necrosis pathways were
equally involved. Perhaps, exposure of melanoma cells to
ultrahigh dose rates causes their irreversible damage, which in
some cases both triggers apoptosis and activates other death
pathways. To sum up, we have demonstrated that radiation
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generated by the experimental Mir-M machine kills significantly
more cells than therapeutic gamma rays (Rokus-AM) in both
studied cultures: A549 (human lung carcinoma) and MelMtp-x
(human melanoma), although the number of induced DSBs is
comparable between the cultures at the highest doses applied.
In A549 cells irradiated by the Mir-M machine, apoptosis was
more extensive.

The use of ultrahigh dose rate radiation holds promise
for the treatment of radioresistant cancers and can minimize
damage to the surrounding tissues when applied to solid
tumors [15, 16].

Our findings may be interesting for clinicians looking for an
alternative to conventional radiotherapy and for researchers
studying the mechanisms of radioresistance and the ways to
overcome it.

CONCLUSIONS

Our findings pave the way for further research of the effect of
photon radiation delivered at ultrahigh dose rates on biological
objects. This type of radiation may help to improve the efficacy
of radiotherapy of radioresistant tumors and mitigate their
detrimental effect on the surrounding healthy tissue.
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TESTING OF MONOCLONAL ANTIBODIES AGAINST THE T-CELL
RECEPTOR ASSOCIATED WITH ANKYLOSING SPONDYLITIS
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In the last decade there has been a tendency to move away from the symptomatic treatment and embrace targeted therapies.
This process is underpinned by the accumulated knowledge of the mechanisms underlying the pathogenesis of diseases and
driven by the advances in biotechnologies. T-cell receptors with variable TRBV9 B-chain regions have been recently associated
with spondyloarthritis including its subtype, ankylosing spondylitis. The aim of this work was to engineer a chimeric monoclonal
antibody targeting the variable region of the T-cell receptor B-chain encoded by the TRBV9 gene segment and assess its
specificity and cytotoxicity. Using flow cytometry and next generation sequencing, we demonstrate that the engineered chimeric
antibody is highly specific and exhibits cytotoxic activity against its target. Approaches based on the use of therapeutic chimeric
antibodies against pathogenic T-clones may hold great promise for the therapy of autoimmune disorders in general and AS in
particular.
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TECTUPOBAHUE MOHOKIJTIOHAJIbHbLIX AHTUTEN K T-KIIETO4HHOMY
PELENTOPY, ACCOLUUNPOBAHHOMY C AHKNJTIO3UPYHOLLIUM
CNOHOWNJTIUTOM

M. A. N3paenbcoH'?, A. B. CtenaHor?, [1. 6. Ctaposepos'?, V1. A. LLarnHa', A. K. Mucopur?, M. A. LLlemenesa?,
A. B. EBcTpatbeBat, E. M. Mepansk'?, E. A. borgaHosa', O. B. bputaHoBa®®, C. A. JlykbsiHOB'
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B nocnegHve pecatunetTnst B NieHeHUM ayTOMMMYHHbIX 3ab0fneBaHuin NPOCNEXNBAETCA TEHOEHUMS K 3aMEeLLEeHUIO
CYMMTOMAaTNYECKON Ha MONEKYNAPHO-TapreTHyt0 Tepanuio. [pegnocbiikamy A8 STOro CAy»aT Kak YCTaHOBMEHHbIE
MexaH13Mbl pas3BuUTUS 3aboneBaHns, Tak 1 Nporpecc B obnactu brotexHonorun. HegasHo Obio NokasaHo, YTo T-KNeToYHble
peLenTopsbl, codepxallive BapnabensHble yHacTkm B-uenv TRBVY, accoummpoBaHbl CO CNOHAMN0aPTPONATUAMN, BKIOHasA
AHKUNO3VPYIOLLMIA  CROHAMANT. Llensto  faHHoM paboTel Obi1O  NonyYeHWe, onpeaeneHne cneunuiHoOCTM U OLeHKa
LIMTOTOKCUYHOCTU XMMEPHOIO MOHOKJ/IOHa/IbHOMO aHTUTena, B3aWMOLENCTBYIOLLErO C BaprabenbHbIM yHacTKOM [-Lienm
T-KNETOYHOro peLenTopa, KOTOPbI KOAMPYETCA reHHbIM cermeHTomM TRBVIY. C MOMOLLBbIO LIMTOMETPUYECKOrO aHanmsa,
a TaKxe MacCVPOBaHHOMO CEKBEHMPOBAHWS MOKa3aHO, YTO XMMEPHOEe aHTUTENO 0bnafjaeT BbICOKON CreumdUYHOCTBIO 1
LINTOTOKCUYECKOW aKTVBHOCTBIO. [onyyeHve nevebHoro aHTuTena K MNoTeHUManbHO MaToreHHOMY T-KNOHY MOXKET ObiTb
NepCneKTBHLIM MOAXOAOM ANs Tepanum ayTOUMMYHHbIX 3abonesaHni B uenom 1 AC B 4aCTHOCTW.
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Ankylosing spondylitis (AS, or Bekhterev’s disease) is a chronic
progressive autoimmune disease associated with HLA B2705
and characterized by the inflammation of the spine and
sacroiliac, intervertebral and costovertebral joints that causes
stiffness and eventually leads to spinal fusion. Treatment
options include physical therapy and anti-inflammatories,
mostly nonsteroidal, such as ibuprofen, diclofenac, or
indomethacin. The use of steroids in patients with AS is only
scarcely covered in the literature. Some authors report that
high doses of prednisolone (50 mg a day) administered over
the course of two weeks provide a good short-term fix [1].
Others describe a sustained symptomatic relief observed for
an entire year following the intravenous injection of high doses
of corticosteroids [2]. However, steroids also cause their
typical side effects, including high blood pressure, elevated
blood glucose and reduced bone mineral density. Patients
with severe AS are prescribed phenylbutazone and opioids
to ameliorate pain. The existing regimens bring partial relief
but cannot prevent the disease from progressing and do not
protect against ankylosis while causing complications, such as
digestive tract problems, etc. [3].

The real breakthrough in the therapy of AS made in
the last 15 years is linked to the use of biologic inhibitors of
tumor necrosis factor alpha (TNF-a), among which are the
monoclonal antibodies infliximab, adalimumab, golimumab, and
certolizumab pegol. TNF is the major mediator of inflammation
also involved in the progression of other autoimmune disorders
[4]. In 2010 TNF inhibitors were added to the list of AS therapies
recommended by the Assessment of Spondyloarthritis
International Society (ASAS) [5]. Thus, infliximab suppresses
inflamnmation and therefore alleviates pain and reduces stiffness
[6]. However, clinical data show that only 50-60% of patients
with AS respond to anti-TNF therapy [7]. Besides, although
inhibition of TNF or its receptor reduces inflammation, it cannot
stop the progression of the disease [8, 9].

It is known that autoimmune disorders are accompanied
by overproduction of IL17, in which a few different cell types
are involved, including CD4* T helpers, gamma delta and
KIR3DL2-expressing T-cells. A 2013 study investigating the
effect of secukinumab (a monoclonal antibody against IL17)
on AS symptoms demonstrated that the drug can mitigate the
manifestations of the disease in patients with exacerbated AS [10, 11].

Anti-CD3 and anti-CD4 antibodies also may have a potential
to treat autoimmune disorders in general and AS in particular
due to their immunomodulating properties [12—-14]. They are
currently undergoing clinical trials and so far have been shown
to reduce the levels of proinflammatory factors and induce
production of the suppressor cytokines IL10 and TGFB [14, 15].
At the same time, anti-CD3 antibodies stimulate other T-cell
populations besides Tregs and can trigger massive apoptosis
of T lymphocytes [16]. Obviously, depletion of T lymphocytes is
a traumatic event for the immune system that compromises the
immunity, increases susceptibility to infections and cancer, and
entails the risk of developing secondary autoimmune diseases.

T cells recognize antigens by means of their receptors
(TCRs) consisting of two polypeptide chains (a« and B). The
chains are assembled during somatic recombination when V-,
D- and J-segments of the gene are rearranged and juxtaposed
and the terminal transferase adds random nucleotides at the
site of their junction creating unique hypervariable regions
(CDR). This process is key to the diversity of TCRs.

The IMGT nomenclature distinguishes between 26 different
variable segments in the TCR -chain and 41 different segments
in the a-chain [17]. Normally, during the process of positive and
negative selections occurring in the thymus autoaggressive T

cells are eliminated. Pathologic T-cell autoreactivity is a cause
of many autoimmune conditions.

One of the approaches to the treatment of autoimmune
diseases discussed in the literature is based on the use of
antibodies that recognize all alpha/beta TCRs. It is described in
the work [18] demonstrating that administration of an anti-TCR
antibody right after the injection of myelin peptide MOG35-55
inducing experimental autoimmune encephalomyelitis (EAE)
blocks the development of this condition. The authors did
observe the predicted depletion of CD4+- and CD8+-cells, but
these T-cell subsets behaved differently: CD4+ were the first
to deplete and recover, while in CD8* both processes were
delayed. The authors noted the robust therapeutic effect of the
treatment: in contrast to the CD3-based therapy, no signs of
the disease were observed even after the T-cell population was
completely restored. Although both therapies aim to deplete
T cells, the intracellular pathways activated by the TCR-CD3-
antibody complex are different and produce different effects.
Monoclonal antibodies targeting variable domains typical
for autoreactive TCRs seem to be a promising therapeutic
tool. They cause selective elimination of T-cell subsets with
pathogenic clones. The arrival of NGS technologies has given
rise to new approaches based on the deep sequencing of TCR
repertoires. The difficulty of such approaches lies in the great
diversity of TCRs [19]. Identification of pathogenic clones is
based on the comparison of TCR repertoires of healthy and
diseased individuals and therefore becomes a very labor-
consuming task. Itis also important to account for the structural
features of proteins constituting the major histocompatibility
complex involved in antigen presentation as these features also
affect the composition of a T-cell repertoire.

In spite of the obstacles, the T-cell clones potentially
implicated in the pathogenesis of AS and the CDR3 consensus
motif were finally identified in 2017 [20, 21]. The pathogenic
clones were present in the synovial fluid and peripheral blood
of patients with AS. Interestingly, the pathogenic TCRs were
not detected in the samples of healthy individuals at the same
sequencing depth regardless of whether the participants had
the HLA*B27 allele or not. The identified AS-associated TCRs
carried the gene segment TRBV9 (name specified in the IMGT
database) coding for the variable domain of the B-chain. The
obtained data suggest that anti-TRBV9 antibodies have a
therapeutic potential for treating AS.

Elimination of T cells carrying a pathogenic TCR is
an indispensable prerequisite for the effective therapy of
autoimmune diseases. It is known that IgG1 antibodies,
which have an Fc-region, induce death of the target cell
by binding to it. There are two possible explanations of this
phenomenon: antibody-dependent cellular cytotoxicity (ADCC)
and complement-dependent cytotoxicity (CDC). In ADCC the
antibody with a particular Fc binds its epitope on the surface
of the target cell. An effector T cell that expresses an FcR
receptor or a CD16 molecule recognizes the Fc domain and
binds to it. Formation of this triple complex triggers a cascade
of reactions inside the effector T cell resulting in the release
of cytotoxic granules. Thus, the death of the target cell is
mediated by the perforin-granzyme pathway. The effectiveness
of Fc binding to the receptor of the effector T cell depends
on the immunoglobulin allotype and the pattern of amino acid
glycosylation. Therefore, the cytotoxic activity of the antibody
can vary [22]. CDC is similar to ASCC but in CDC a complement
complex is assembled on the cell surface triggering a cascade
of reactions that eventually induce apoptosis of the target cell.
The therapeutic antibodies modelled for the present work
carried the same IgG1 Fc allotype as rituximab.
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The aim of our study was to assess specificity and
cytotoxicity of a few variants of engineered monoclonal antibodies
against the variable TRBV9 domain of the TCR B-chain in vitro.

METHODS
Blood donors

Samples of peripheral blood were collected from two 53-year-
old male donors 7 times at a minimum interval of 7 days between
the procedures. The study was approved by the Ethics Committee
of Dmitry Rogachev National Research Center of Pediatric
Hematology, Oncology and Immunology (Protocol 2013-5/4).

Isolation of mononuclear cells from peripheral blood

Peripheral blood samples were collected into K2-EDTA-
containing Vacuette tubes (4 ml of blood per tube) and
diluted fourfold with PBS. Peripheral blood mononuclear cells
(PBMC) were separated by Ficoll-urografin density gradient
centrifugation (density of 1.077 g/cm®) (PanEco; Russia).
Briefly, the diluted blood sample was layered onto the Ficoll-
urografin solution at the ratio of 1:1. Then, the sample was
centrifuged in the swinging bucket rotor at room temperature
and 400 g for 30 min. The cell suspension was collected from
the interface, washed twice in PBS, and centrifuged again at
room temperature and 400 g for 10 min. PMBC count was
done in the Goryaev chamber.

Chimeric antibodies and their kinetic screening by biolayer
interferometry

Monoclonal antibodies MA-K1, MA-K2, MA-K3, and MA-
K4 were manufactured by the biotech company Biocad and
their nucleotide and amino acid sequences were published
in the patent application. These antibodies contain chimeric
heavy- (H) and light- (L) chains with a variable region of the
rat immunoglobulin and a constant region of the human
immunoglobulin. The degree of antibody humanization is 65%.

To measure the dissociation constant of the TCR/AB
complex, we performed biolayer interferometry using the
ForteBio Octet RED384 detection system (Pall Corporation;
USA). The soluble TCR taken at a concentration of 20 pg/ml
was immobilized on the surface of AR2G sensors (ForteBio)
and subsequently deactivated by 1 M ethanolamine (pH 8.5)
according to the standard protocol supplied by the vendor.
The temperature was set to 30 °C. The buffer used for the
procedure was PBS supplemented with 0.1% Tween-20 and
0.1% BSA. After the baseline step, the sensors were dipped for
300 sec in the wells containing 67 nM antibody solutions where
the TCR/AB complex was formed. Dissociation of the complex
in the buffer was recorded for 600 sec. Reference subtraction
was applied, and the binding curves were analyzed in Octet
Data Analysis software (ver. 9.0) using the standard procedure
and the 1:1 Global interaction model.

ORIGINAL RESEARCH | IMMUNOLOGY

Flow cytometry analysis

To visualize their reactivity, the studied antibodies MA-K1,
MA-K2, MA-K3, and MA-K4 were labeled with fluorescein
isothiocyanate (Sigma; USA) following the manufacturer’s
protocol. The number of fluorochromes that reacted with
antibodies was evaluated based on the ratio of the absorption
spectra at 495/280 nm wavelengths.

A total of 10° PMBC cells separated by Ficoll-urographin
density gradient centrifugation as described above were
incubated with each of the FITC-labeled monoclonal antibodies
MA-K1, MA-K2, MA-K3, and MA-K4 taken at two different
concentrations (8 pg /ml (A) and 200 ng/ml (B)) and CD3-
eFluor450 (clone UCHT1; eBioscience; USA) added in the
quantity recommended by the manufacturer. The sample was
transferred to 50 pl 1X PBS supplemented with 0.5% BSA,
incubated at room temperature for 20 min, and then washed in
the same buffer solution.

Cell sorting and sequencing

PMBC (3x10% were combined with 100 ul of 0.5% PBS/
BSA solution, 6 pl of anti-CD3-eFluor 450 (clone UCHTT;
eBioscience; USA) and each of the studied FITC-labeled
antibodies (one antibody variant per sample) taken at a final
concentration of 100 ng/ml. The mixture was incubated at
room temperature for 20 min and washed in 0.5% PBS/BSA
solution.

Cell sorting and the analysis of cell subpopulations were
carried out on FACSarialll (BD; USA). To exclude debris and
cells that did not meet the criteria for the size and granularity of
live lymphocytes, forward and side scatter gating was applied.
Two-parameter density plots were constructed to distinguish
the populations of CD3*TRBV9+ and CD3*TRBV9- cells.

To be sure of high sorting quality, we re-sorted the
CDG3*TRBV9* subpopulation. The sorted cell population
was 95% enriched in the target cells. The sorted cells were
transferred to the RLT buffer (Qiagen; Germany) prior to RNA
isolation. Total RNA was isolated using the Qiagen RNAeasy
mini kit #217004 according to the manufacturer’s protocol.
cDNA was synthesized from the obtained RNA template and
the TCR beta chain fragment was amplified as described in
[23]. PCR products were ligated to lllumina adaptors and then
sequenced on MiSeq lllumina (lllumina; USA). Sequencing
yield was analyzed in MiIGEC, MIXCR and VDJtools [24]
as described in [25]. Statistical processing was done in
GraphpadPrism 3.0.

Cytotoxicity testing

The studied chimeric antibodies were tested for their
cytotoxicity towards PMBC obtained from two donors.
Samples of peripheral blood were collected into Vacuette K2-
EDTA-containing tubes. Mononuclear cells were isolated as
described above.

Table. Interaction of the studied MA-K1, MA-K2, MA-K3, and MA-K4 antibodies with different TCR complexes. The table features the dissociation rates and dissociation
constants of the formed complexes. The measurements were done using ForteBio Octet RED384

TRBV9 + TRAV26 TRBV9 + TRAV38 TRBV7 + TRAV38

MA Kd Kdis Kdis Kd Kdis
MA-K1 2,90E-10 1,79E-04 3,21E-10 2,26E-04 Does not interact
MA-K2 <1.0E-12 <1.0E-07 <1.0E-12 <1.0E-07 Does not interact
MA-K3 2,44E-10 1,63E-04 3,53E-10 1,23E-04 Does not interact
MA-K4 <1.0E-12 <1.0E-07 <1.0E-12 <1.0E-07 Does not interact
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The mononuclear cell fraction was transferred to PBS
supplemented with 0.5% BSA and 2 mM EDTA. The total
cell number was inferred from the cell count in the aliquot.
Cell viability was determined by Trypan Blue staining. To
evaluate the cytotoxicity of the studied antibodies, 3-4 x 10°
cells were incubated with the MA-K2 antibody taken at different
concentrations (1 ng/ml, 10 ng/ml, 100 ng/ml, and 1 pg/ml)
for one hour. Following the incubation, the cells were washed
twice in PBS, transferred to the RPMI media supplemented

with 10% human serum (BiolVT; UK) and incubated for
24 h in the CO, incubator. Then the cells were collected
and stained with CD4-PE (clone RPA-T4; BD Bioscience;
USA), CD8-FITC (clone SK3; eBioscience; USA),
CD3-eFluord50 (clone UCHT1; eBioscience; USA), and
TO-Pro3readyflow (ThermoFisher; USA) as described in
the manufacturer’s protocol. Staining was followed by
the flow cytometry analysis on the FacsArialll cell sorter
(BD; USA).
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Fig. 1. Two-parameter density plots showing the distribution of mononuclear blood cells stained with anti-CD3-eFluor405 antibodies and 4 variants of FITC-
labeled anti-TRBV9 antibodies (MA-K1, MA-K2, MA-K3, and MA-K4). Every tested anti-TRBV9 antibody was taken at two different concentrations: 3 ug/ml (A)
or 200 ng/ml (B) per 10° mononuclear cells. The CD3*TRBV9* population is marked by a small square. The proportion of TRBV9*CD3* cells is given relative to
all CD3+ lymphocytes. C. Staining with different concentrations of the chimeric MA-K2 antibody: 2 ng/ml, 20 ng/ml, 50 ng/ml, 200 ng/ml (top to bottom)
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RESULTS

Chimeric monoclonal antibodies MA-K1, MA-K2, MA-K3, and
MA-K4 specifically bind the soluble TCRs carrying TRBV9

In this work we tested 4 variants of the monoclonal anti-
TRBV9 antibody (MA-K1, MA-K2, MA-K3, and MA-K4)
different in the amino acid sequence of their hypervariable
CDR3 domain.

The dissociation and binding constants of the complexes
formed by soluble TCRs and chimeric MA-K1, MA-K2, MA-K3,
and MA-K4 were measured by biolayer interferometry (ForteBio;
Pall Corporation; USA) and surface plasmon resonance (SPR)
(see the Table). Each of the studied immunoglobulins exhibited
high specificity and an ability to effectively bind the target TCR
encoded by the TRBV9 gene segment; the antibodies did not
react with TCRs that carried a variable domain encoded by
a different gene segment (TRBV7). Specificity of the studied
antibodies did not depend on the composition of the TCR
alpha-chain in the complex. We tested two TCR complexes
carrying TRBV9 and TRAV26 /TRAV38 only to reveal no

ORIGINAL RESEARCH | IMMUNOLOGY

difference in the binding effectiveness. Based on the results
of our experiments, we selected two antibody variants MA-K2
and MA-K4 for which dissociation constants and rates were
the lowest (kD <1.0E-12 and kdis <1.0E-07 1/s) (see the Table).
Affinity of cytotoxic antibodies often determines their in vivo
effective concentrations, specificity and safety. The chimeric
MA-K2 and MA-K4 bound at high affinity to their targets, which
speaks in favor of their potential use as therapeutic agents.

Chimeric immunoglobulins specifically target the
population of TRBV9+ lymphocytes

As part of the flow cytometry analysis, the obtained chimeric
antigens MA-K1, MA-K2, MA-K3, and MA-K4 were conjugated
to fluorescein isothiocyanate. Importantly, direct labeling
significantly increases the informative value of the analysis.
The studied chimeric MA taken at a concentration of 3 ug / ml
stained about 3% of the CD3* subpopulation (Fig. 1A). At
200 ng/ml (Fig. 1B) it became clear that 3 pug/ml exceed the
critical concentration; at this concentration the proportion of the
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Fig. 2. A. The schematic of the experiment conducted to assess the binding specificity of the chimeric antibody MA-K2 to TCR using cell sorting and the analysis
of the TCR repertoire of the sorted cells. Two T-cell populations were obtained: TRBV9* (shown in blue) and TRBV9- (shown in red) and their TCR repertoires were
further analyzed. Results are presented as a proportion of all TCRs identified by sequencing. B. Flow cytometry cytotoxic activity analysis of the chimeric MA-K2
antibody. The panel shows the gated CD45*CD3* population; the CD45+*CD3*TRBV9* population is marked by a rectangle. C. Half maximal effective concentration
(EC,,) of MA-K2 estimated by the cytotoxicity test. D. The proportion of dead cells (% TO-Pro3readyflow+) upon addition of 100 ng/ml of MA-K2 to human PBMC
and staining with TO-Pro3readyflow. The plots show gated CD4*CD3* and CD8+*CD3* lymphocyte populations. The population of dead cells is marked by a

black rectangle

BULLETIN OF RSMU |5, 2018 | VESTNIKRGMU.RU



OPUTMHAJIbHOE UCCJIEQOBAHNE | UMMYHOIJIOI A

stained TRBV9* cells remained the same, but the percentage
of nonspecifically bound CD3 cells increased (13 = 2%)
(Fig. 1).

Based on the maximum ratio of CD3*TRBV9* to
TRBV9+CD3 and the high intensity of the fluorescence signal
indicating specific binding, we chose the MA-K2 antibody
as the best candidate for further experiments. To determine
the optimal antibody concentration, titration was performed
at concentrations ranging from 200 to 2 ng/ml (Fig. 1C).
For titration, PBMC of the healthy donor were used. The
test determined the minimal MA-K2 concentration of 50 ng/
ml applied to stain 106 PBMC at which the TRBV9* cells
amounted to 3% of the entire CD3* population and nonspecific
binding was not observed.

MA-K2 specificity was confirmed by lymphocyte sorting
and the subsequent sequencing-based analysis of the TCR
repertoire (Fig. 2A). For sorting, we used PBMC isolated from
the peripheral blood of the healthy donor and stained with
fluorescently labeled antibodies CD45, CD3 and MA-K2 taken
at concentrations of 100 ng/ml each (Fig. 2A). To analyze the
repertoire of T cell receptors, we selected two populations of
CDG*TRBV9* cells, as well as a population of TRBV9-CD3* cells.
Sorting was carried out in two replicates, which was necessary
to demonstrate its quality. Generally, when MA-K2 antibodies
specifically bind to the TCRs representing the CD3*TRBV9*
subpopulation, the corresponding cDNA library is expected to
be enriched in TRBV9 transcripts, whereas the CD3*TRBV9-
subpopulation is supposed to be free of the target sequences.
Total RNA was isolated from all selected cell subpopulations
and cDNA was synthesized using primers complementary to
the constant region of the TCR beta chain. The libraries were
amplified and sequenced by NGS (MISEQ; lllumina; USA). The
analysis of the obtained TCR beta chain repertoires revealed
that the libraries obtained from the sorted MA-K2-stained cells
were 93% enriched in the sequences encoded by the TRBV9
gene segment, whereas no TRBV9 sequences were observed
in the repertoires of CD3*TRBV9- beta chains.

This suggests high specificity and efficacy of the studied
chimeric antibody.

Cytotoxicity of chimeric immunoglobulins

To assess the cytotoxic activity of the studied monoclonal
antibody, we had to resort to a non-standard approach for a
few reasons. First, the target population of cells constituted
only a small proportion of the total cell pool (2.5% of CD3*
lymphocytes). Second, this population can be distinguished
from the rest of the cells based on only one surface marker:
the T cell receptor that has a unique variable beta chain
domain. This obstructs the use of cell sorting for the purpose
of enriching the target TRBV9* population and complicates
the classic cytotoxic test protocol (the target cell population +
natural killers taken at various proportions).

Therefore, flow cytometry was employed to assess the
cytotoxic activity of MA-K2. We used the mononuclear cell
fraction as it contains both the target population and other
cells that mediate the cytotoxic reaction (natural killers, etc.).
The half maximal effective concentration (EC, ) of the MA-K2
antibodies was determined in a series of in vitro experiments.
The cytotoxic effect was measured based on the progressively
declining proportion of TRBV9* cells in the population of
CD3* lymphocytes correlated with an increase in MA-K2
concentrations (Fig. 2B). At a concentration of 100 ng/ml
complete elimination of TRBV9+*CD3* was observed. Thus,
EC50 for MA-K2 was 7 ng/ml (Fig. 2C).

To measure the proportion of dead cells among the
populations of CD4*CD3* and CD8*CD3* lymphocytes, we
added TO-Pro3readyflow (ThermoFisher) to the cells incubated
with MA-K2 (Fig. 2D). Twenty-four hours after incubation with
MA-K2 taken at a concentration of 100 ng/ml, a significant
increase in the proportion of dead cells was observed in
comparison with the control (Fig. 2D). This experiment was
conducted in 7 replicates, and every time we observed an
increase in the proportion of dead cells depending on the
concentration of MA-K2.

To sum up, the chimeric MA-K2 antibody exhibits high
cytotoxic activity and target specificity in vitro.

DISCUSSION

The existing therapeutic antibodies are successfully used to
manage severe disorders, such as multiple sclerosis, some
cancers and retinal degeneration. Their development relies on
the knowledge of targets they are expected to work against
implicated in the pathogenesis of a disease. In a recent work
published by our colleagues a correlation has been shown
between AS and the T-cell clones carrying a variable beta
chain region encoded by the TRBV9 gene segment [20, 21].
Involvement of certain T clones in the pathogenesis of AS is
yet to be confirmed, but the T cell receptor itself is a promising
candidate target for a therapeutic antibody.

The engineered cytotoxic chimeric (human-rat) antibody
MA-K2 is the most important outcome of our work. It specifically
and effectively binds the TCR beta chain region encoded
by TRBVIT. To test its cytotoxicity, we used flow cytometry
and TO-Pro3readyflow staining (ThermoFisher; USA), which
enabled us to accurately separate dead and viable cells. This
is not a common approach to assessing antibody-dependent
cell-mediated cytotoxicity (ADCC). The literature describes a
few methods of quantifying cells killed through an interaction
with a cytotoxic antibody, but they all have their downsides.
For example, the widely used method based on the detection
of 5'Cr [26] released in the course of cell lysis is not sensitive
enough and cannot be employed to count dead cells in a cell
population. This limits its application in cases when the target
cell subset makes up only 3% or less of the total population.
The approach exploited in this study was recently used to
assess the toxicity of Trastuzumab detecting small proportions
of dead cells (> 10%) in the cell culture and PBMC [27].

We hope that the engineered MA-K2 antibody has a good
potential to be used in vivo to deplete the T-cell population
associated with ankylosing spondylitis, thereby alleviating its
symptoms. As noted previously, elimination of pathogenic
clones is a promising approach to treating autoimmune
diseases and another step towards precision medicine. The
literature reports successful use of monoclonal antibodies
against VB and for treating autoimmune diseases in model
systems. In an experiment conducted in mice, all autoreactive T
cell clones isolated from the animals with induced autoimmune
encephalomyelitis carried a TCR domain encoded by the V(8
segment (TRBV13). Encephalomyelitis was induced by the
injection of the MBP peptide. The subsequent injection of
the antibody specific to that domain had a protective effect
and blocked the development of the disease [28]. Another
monoclonal antibody against VB8, KJ16, was used to
protect mice against collagen-induced arthritis. Injections of
this antibody significantly reduced the incidence of the
condition [29].

Importantly, the proportion of cells carrying a TRBV9-
encoded TCR on their surface is low and does not exceed
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3%. This leads us to hypothesize that once an anti-TRBV9 is
administered, no severe toxic effect will be observed caused
by massive cell death and a cytokine storm, as is the case with
some anti-CD3 monoclonal antibodies [30].

At present, targeted therapies rely on the use of monoclonal
antibodies with different degree of humanization required to
attenuate the immunogenicity of the drug. Three main types
of therapeutic antibodies can be distinguished: chimeric (a
constant domain of humans + a mouse variable domain),
humanized (@ human antibody + a mouse CDR) and fully
human [31]. MA-K2 whose properties were studied in this
work is 65% humanized. In the next stage of our research we
are planning to humanize it further and to conduct a series
of in vivo experiments in primates using the humanized
antibody.
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TARGETED SEQUENCING IN PATIENTS WITH CLINICALLY DIAGNOSED
HEREDITARY LIPID METABOLISM DISORDER AND ACUTE CORONARY SYNDROME

Averkova AO'™ Brazhnik VA'?, Speshilov GI**4, Rogozhina AA', Koroleva OS', Zubova EA?, Galyavich AS®, Tereshenko SNE,
Boyeva Ql’, Zateyshchikov DA'?

"Central State Medical Academy of the Department of Presidential Affairs of the Russian Federation, Moscow

2 City Clinical Hospital No 51, Moscow

¢ Kharkevich Institute for Information Transmission Problems, RAS, Moscow

“ReadSense OO0, Troitsk Center for Nanotechnologies of Rusnano Foundation for Nanotechnology Infrastructure and Educational Projects, Moscow

5Kazan State Medical University, Kazan

6National Medical Research Center for Cardiology, Moscow

7 Stavropol State Medical University, Stavropol

The actual prevalence of genetic variants causing familial hypercholesterolemia (FH) in every population remains unknown. The aim of this
work was to determine the spectrum of pathogenic variants in patients with acute coronary syndrome (ACS) and clinically diagnosed FH
using targeted sequencing. We selected 38 patients with ACS from the sample of 2,081 participants of two multicenter observational
studies (2004—2007; 2014-2016) who had a clinical diagnosis of FH based on the Dutch Lipid Clinic Network score and Simon Broome
criteria. The men and women included in the study were < 55 and < 60 years of age, respectively. Molecular genetic screening was done
by targeted next-generation sequencing. We started by sequencing 3 genes associated with FH, including LDLR, APOB, and PCSKO. If
no relevant variants were detected, the panel was expanded. Of 38 patients, 24 (63.2%) were shown to have mutations that could cause
clinical manifestations of FH and premature coronary artery disease. All patients were heterozygous carriers. Mutations were detected
in three “classic” genes LDLR, APOB, and PCSK9 associated with FH, as well as in other genes involved in lipid metabolism, such
as APOE, ABCAT1, ABCG5, ABCGS, LPL, ANGPTL3, and MTTP. Five variants detected in our study sample had not been described
previously: the pathogenic p.Val273_Cys313del variant of the LDLR gene, the likely pathogenic p.Arg160His variant in the APOE gene,
two variants of uncertain significance p.Glu612Lys and ¢.*415G>A in the PCSK9 gene, and the mutant variant p.Ala776Ser in the LDLR
gene. We conclude that the use of clinical diagnostic criteria in patients with ACS and FH enables identification of carriers of both “classic”
mutations associated with FH and rare genetic variants that can be phenotypically expressed as FH.

Keywords: familial hypercholesterolemia, acute coronary syndrome, genetic testing, lipid metabolism disorder, targeted sequencing

><] Correspondence should be addressed: Anastasia O. Averkova
Marshala Timoshenko 19, b. 1A, Moscow, 121359; avek@mail.ru

Received: 30.09.2018 Accepted: 05.11.2018
DOI: 10.24075/brsmu.2018.061

TAPTETHOE CEKBEHUPOBAHUE Y BOJIbHbIX C KITMHNYECKW
ONATHOCTUPOBAHHbLIM HACNIEACTBEHHbLIM HAPYLLUEHUEM
JamnmnaHoro oMeHA 1 OCTPbiIM KOPOHAPHbIM CUHOPOMOM
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7 CTaBPOMONbCKMIA rOCYAaPCTBEHHBIN MEAULWHCKIIA YHUBEPCUTET, CTaBpOnosb
VICTWHHAs pacnpOCTPaHEHHOCTb MEHETUHECKNX BapUaHTOB, CTOSILLMX 3a pasBUTMEM CeMelHon rnepxonectepuHemun (CIMXC)
N XapaKTepHbIX O51 KOKOOM MOMyNsauyM, OCTaeTca HensBeCTHOM. Llenbto paboTsl Oblno OMpeaeneHe CrexkTpa natoiormyecknx
MEHETUHECKIMX BAPVAHTOB Y BOMbHBIX OCTPbIM KOPOHaPHBIM chHapoMoM (OKC) ¢ kKnHudeckn ayarHocTypoBaHHoM CIXC ¢ MOMOLLO
TapreTHOrO CEKBEHMPOBaHNA. Bbinn otobpaHb! 38 13 2081 maLyeHTOB ABYX MHOMOLIEHTPOBLIX HAOMKOAATENbHBIX MCCIEA0BaHMA 6OsIbHbIX
OKC (2004-2007; 2014-2016 rT.) Bo3pacTom < 55 f1eT (My>k4mHbl) 1 < 60 neT pkeHLWWHbI) ¢ CIMXC, KIMHUHECK AMarHOCTUPOBAHHOM
Mo KpUTepUaM [onNaHOCKON CETU NMMUAHBIX KIMHUK 1 KpUTEPUAM perncTpa Simon Broome. MonekynspHo-reHeTny4eckoe
NCCNenoBaHne MPOBOANN C MOMOLLbKO TaPFETHOMO CEKBEHNPOBAHMISA CreOytOLLIEro MOKOMEHST: CHaYala CEKBEHNPOBaNM 3 reHa,
accoupmpoBanHble ¢ CITXC: LDLR, APOB, PCSK9; npv OTCYTCTBUAN 3HA4YMMBIX U3MEHEHWI MaHemnb paclumpsani. 113 38 nauveHTos
y 24 (63,2%) 6bIn BbISIBEHbI FEHETUHECKIE USMEHEHVIS, KOTOPbIE MO 00YCNOBUTL KMHMYecke nposiieHnst CIXC 1 paHHIon
MaHhECTaLMIO NLIEMUHECKO 60Me3HM cepata. Bece maumeHTb! ABNAMCh reTepO3UroTHBIMM HOCUTENSIMU FEHETUHECKUX BapUAHTOB.
BbisiBneHb! BapmaHTbl B Tpex OCHOBHbIX reHax (LDLR, APOB, PCSKO9), ceasaHHbix ¢ CIXC, 1 penkve BapyaHTbl B APYrAX reHax
cucTeMbl vnmaHoro obmeHa (APOE, ABCAT, ABCG5, ABCGS8, LPL, ANGPTL3, MTTP). MNdaTb reHETUHECKNX BapPVIaHTOB OMICaHbI
BrepBble: MatoreHHbIn BapuaHT p.Val273_Cys313del reHa LDLR; BeposTHO maToreHHbin BapyaHT p.Arg160His reHa APOE; BapuiaHTb!
HEYTOYHEHHOW KIMHYeCKoM 3HaqnMocTn P.Glub12Lys 1 ¢.*415G>A reHa PCSK9; BapuaHT p.Ala776Ser reHa LDLR. Takm 06pasom,
MNCMOMBb30BaHNE KIMHUYECKMX KPUTEPVEB MNO3BONSET BbigBUTL cpeay nauneHtoB ¢ OKC n CIMXC HocuTenen MyTauuii He TONbKO
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One of the known causes of premature coronary artery disease
(CAD) is familial hypercholesterolemia (FH), a hereditary lipid
metabolism disorder that increases the risk of developing
cardiovascular disease twentyfold [1]. It is the most common
monogenic autosomal-dominant lipid metabolism disorder
characterized by elevated low-density lipoprotein (LDL)
cholesterol. The majority (60-80%) of patients with clinically
established heterozygous FH carry mutations in the gene
coding for the LDL receptor (LDLR); the prevalence of each
implicated mutation varies geographically. These mutant
variants result in fewer LDL receptor molecules on the cell
surface or their decreased activity. The LDLR gene is located
on the short arm of chromosome 19 and consists of 18 exons
transcribed and translated into 5 LDLR-forming domains [2].
About 5-10% patients with heterozygous FH have mutations
in the APOB gene that are phenotypically expressed as a
less pronounced elevation of cholesterol levels; these mutant
variants are more common in Central Europe than in other
regions [3]. The defect in the ApoB100 protein, a component
of LDL particles, prevents it from binding to LDLRs. APOB
has been mapped to chromosome 2p and comprises 29
exons [2]. Gain-of-function (GOF) mutations of the proprotein
convertase subtilisin/kexin type 9 gene (PCSK9) are another
cause of autosomal-dominant FH accounting for < 1% of
all FH cases in the majority of the studied populations. GOF
variants lead to rapid LDLR internalization and downregulate
the number of LDLR molecules. The PCSK9 gene sits on
the short arm of chromosome 1p32 and is constituted by 12
exons and 11 introns [4, 5]. Mutations in other genes involved
in lipid metabolism rarely cause FH [3]. Some patients carry two
mutations in the genes associated with FH. Unfortunately, in 20
to 40% of patients with clinically confirmed FH the causative
mutation cannot be identified.

The aim of this work was to determine the spectrum of
pathogenic variants involved in lipid metabolism in patients with
acute coronary syndrome (ACS) and a clinical diagnosis of FH
by targeted sequencing.

METHODS

For this study we used the samples obtained from 2,081
patients with ACS who had participated in two multicenter
observational studies carried out in 4 centers in Moscow,
Kazan and Stavropol. The patients had been recruited in 2004
through 2007 and in 2014 through 2016. The study protocol
was described in [6]. The study was approved by the Ethics
Committee of the Medical Educational Research Center of the
Department of Presidential Affairs of the Russian Federation
(Protocol 14/14 dated October 20, 2014).

We selected 326 patients from the 15t and 374 patients
from the 2" recruitment periods. Over the first recruitment
period the inclusion criteria were as follows: premature ACS
(at < 55 years of age in men and at < 60 years in women);
ACS with an onset at least 10 days before index admission to
hospital; FH diagnosis based on the Dutch Lipid Clinic Network
score and Simon Broome criteria [7, 8]; written informed
consent to participate. During the second recruitment period
the inclusion criteria were the same but additionally those
patients were included who had indications for percutaneous
coronary intervention (PCI), regardless of whether the latter was
eventually performed or not.

The diagnosis of FH was based on the Dutch Lipid Clinic
Network (DLCN) score and Simon Broome criteria. Generally,
the DLCN set of criteria accounts for the patient’s family history,
early CAD onset in the patient, physical examination (tendinous
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xanthomas, corneal arcus), and LDL levels. Patients who
score more than 8 points are concluded to have definite FH;
6-8 points, probable FH; 3-5 points, possible FH; less than
3 points, unlikely FH [7]. The Simon Broome criteria account
for the total cholesterol and LDL levels, the age of the patient
and their kinship to a relative who also has elevated LDL and
cholesterol. In the clinical setting, only possible FH can be
detected; the diagnosis of definite FH cannot be established
without identifying its causative mutation [8].

Molecular genetic screening was performed on the samples
of 38 patients selected using the following algorithm. Patients
enrolled during the first recruitment period were eligible for
the genetic screening if they scored = 5 points on the DLCN
scale or scored 4 points on the DLCN scale and also had FH
according to the Simon Broome criteria (a total of 10 people).
Patients recruited during the second period were eligible if
they scored = 5 points on the DLCN scale or met the Simon
Broome criteria and had a family history of cardiovascular
disorders (a total of 24 individuals). This second sample also
included 4 patients who did not have premature ACS at the
time of hospital admission but still had an episode of early CAD
manifestation according to their medical history (= 6 points
on the DLCN scale or 5 points on the DLCN scale + a family
history of cardiovascular disorders).

Sequencing was carried out in the ReadSense laboratory
(Moscow). DNA was isolated from blood samples using the
K-Sorb DNA isolation kit (Syntol; Russia) and spin columns.
Preparation of DNA libraries was aided by the NEB Next
Ultra kit (NEB; USA). Capture-based enrichment of target
protein-coding regions was done using the NimbleGen panel
of biotinylated probes (Roche; USA). Quality of the enriched
DNA libraries was assessed by capillary gel electrophoresis
on BioAnalyzer 2100 (Agilent; USA) and Qubit fluorometer
(Invitrogen; USA). The libraries were sequenced using the
300-cycle v2 MiSeq reagent kit on the lllumina MiSeq next-
generation sequencer (lllumina; USA) set up according to the
manufacturer’s recommendations.

First, 3 genes associated with FH were sequenced, including
LDLR, APOB, and PCSK9. Then, if no relevant variants were
detected, the panel was expanded to cover the entire range of
genes involved in lipid metabolism: APOA7, APOA5, APOC2,
APOE, APOC3, ABCA1, ABCG1, ABCG5, ABCG8, ANGPTLS3,
CEL, CH25H, CPT2, CYP2D6, CYP3A4, CYP3A5, GPD1,
GPIHBP1, INSIG2, LCAT, LDLRAP1, LIPA, LMF1, LPA, LPL,
MTTR, NPC1L1, PNPLA2, PPARA, and SAR1B.

A number of steps were taken to evaluate the quality of the
enrichment panel. The reads obtained for each sample were
mapped to the reference human genome (GRCh37.p13 hg19).
To understand whether sequencing coverage was sufficient,
we analyzed the nucleotides used for probe synthesis that
were covered at a minimum of 20x. Once detected, the
target mutations were annotated using HGMD, COSMIC,
Clinvar, 1000 GenomesProject, doSNP, and EXAC databases.
Conservation of substitutions was estimated by a number
of prediction tools (POLYPHEN, SIFT, MUTATION TASTER,
FATHMM, CADD, DANN, and EIGEN). Mutant variants were
annotated as recommended by ACMG [9].

RESULTS

All patients who carried variants of the studied genes were
heterozygous. Variants of the three “classic” genes implicated
in FH were detected in 11 patients.

Among them were 3 pathogenic and likely pathogenic
variants of the LDLR gene and one variant with uncertain
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Table. Sequencing results in patients with premature ACS and clinically established FH

No | Sex | Age Eamﬂy LDL. DLCN FH. Slmop Result Pathogenicity Population
history mmol/I score Broome registry frequency
Gene LDLR p.Val273_Cys313del; . .
1 F 48 + 9.6 11 + ¢.817+303_940+943del Pathogenic Not described
2 M 53 - 9.1 11 + Not detected - -
H i 0,
’ 2. Gene PCSK9 p.Glu612Lys; c.1834G>A S o
significance described
Polymorphism of gene APOE p.Cys130Arg; e o
4 F 51 + 5.9 6 + ¢.388T>C; isoform apoE4 Modifying factor >1%
5 M 46 + 5.6 6 + Not detected - -
M 49 + 5.1 6 + Not detected - -
7 F 57 + 5.7 6 + Gene LDLR p.Ala776Ser; ¢.2326G>T Of uncertain significance th
described
8 F 59 + 5.2 6 + Not detected - -
1. Polymorphism of gene APOE 1. Modifying factor 1.5 1%
9 M 52 + 6.2 6 + p.Cys130Arg; ¢.388T>C; isoform apoE4 2. Of uncertain 2' - 10/0
2. Gene APOB p.Ala4002Val; c.12005C>T significance ’ °
10 M 55 + 6.2 6 + Gene PCSK9 c.*415G>A Of uncertain significance th
described
11 M 54 + 6.5 6 + Gene ABCGS8 p.Ala642Thr; ¢.G1924A Of uncertain significance <1%
12 M 54 + 5.1 6 + Not detected - -
13 M 36 + 5.6 6 - Gene APOE p.Arg180Cys; ¢.C538T Likely pathogenic <1%
Polymorphism of gene APOE p.Cys130Arg; o o
14 M 34 N/A 5.4 5 + ¢.388T>C; isoform apoE4 Modifying factor >1%
15 M 53 N/A 5.2 5 + Not detected - -
16 F 56 N/A 5.5 5 - Not detected - -
17 M 44 - 5.8 5 + Gene LDLR p.Gly20Arg; c.58G>A Likely pathogenic <1%
18 M 50 - 5.1 5 + Not detected - -
19 F 58 - 5.0 5 - Gene APOE p.Arg160His; ¢.479G>A Likely pathogenic Not described
20 M 55 - 6.3 5 - Not detected - -
Polymorphism of gene APOE p.Cys130Arg; o o
21 M 51 + 4.0 4 + ¢.388T>C; isoform apoEd Modifying factor >1%
22 F 57 + 4.0 + Gene ABCAT p.Pro85Leu; c.C254T Likely pathogenic <1%
23 M 43 + 4.9 4 + Gene LPL p.Thr379lle; c.C1136T Likely pathogenic <1%
24 M 53 + 4.6 4 + Gene LDLR p.Glu208Lys; c.G622A Pathogenic <1%
Gene ANGPTL3 p.Asn147%; Pathogenic. familial o
25 M 47 + 5.4 6 + c.431_434del hypobetalipoproteinemia <1%
26 F 54 + 5.0 6 + Not detected - -
Likely pathogenic.
27 M 39 + 5.3 6 + Gene ABCG5 p.Gly27Ala; ¢.G80C sitosterolemia/ <1%
hypercholesterolemia
28 M 46 + 6.5 6 + Gene MTTP p.Leu838Phe; c.G2514C Of uncertain significance <1%
29 M 45 + 5.0 6 + Not detected - -
30 M 42 + 4.8 6 - Not detected - -
31 M 51 N/A 5.2 5 + Gene ABCG8 p.Leu572Pro; ¢.T1715C Pathogenic. sitosterolemia <1%
32 F 47 N/A 5.7 5 - Gene APOB p.Val4265Ala; ¢.T12794C Likely pathogenic <1%
33 M 48 - 4.9 5 - Not detected - -
34| F | 59 + 4.9 4 + Gene ABCAT p.Val399Ala; ¢.T1196C Pathogenic. congenital <1%
HDL deficiency
35 M 56 + 6.5 7 - Not detected - -
36 M 64 + 5.0 6 + Gene APOB p.Ser3279Gly; c.A9835G Likely pathogenic <1%
37 M 57 + 5.8 6 + Gene APOB p.Asn2971Thr; c.A8912C Of uncertain significance <1%
38| F | 64 + 5.6 5 - Gene ABCAT p.Arg496Trp; c.C1486T Possibly pathogenic. <1%
: : T congenital HDL deficiency
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clinical significance. Of them, one deleterious mutation
(p.Val273_Cys313del) was previously undescribed. It is an
in-frame deletion in exon 6 resulting in a missing class A7
domain at the N-terminus of the LDLR [10]. This mutation
belongs to class 3 of LDLR mutations leading to the production
of a defective receptor that cannot bind to LDL. A similar
mutation g.11218068_11218190del was described by Usifo
et al. [11]. Another mutation detected in our sample yet
previously undescribed (p.Ala776Ser) is located in exon 16
and has uncertain significance. Such rare missense mutations
observed in the general population are normally classified as
non-pathogenic. However, we cannot completely rule out their
contribution to hypercholesterolemia [12]. The likely pathogenic
mutation p.Gly20Arg in the LDLR gene occurred in two
patients. The pathogenic mutation p.Glu208Lys was detected
in one patient.

Pathogenic and likely pathogenic APOB variants were
observed in two patients. Two more patients carried mutant
APOB variants of uncertain significance. The population
frequency of all APOB mutations identified in our study is less
than 1%.

Two patients carried previously undescribed PCSK9
mutations of uncertain significance. One of them (p.Glu612Lys)
is located in exon 11. PCSK9 mutations resulting in the
modification of the functional cysteine- and histidine-rich
C-terminal domain are known to be associated with FH.
Specifically, these genetic variants add to the severity of
hypercholesterolemic phenotype in patients who also have
mutations in the LDLR gene (our patient also had a likely
pathogenic mutation p.Gly20Arg in this gene) [13]. The second
PCSK9 mutation ¢.*415G>A is located in exon 12. This region
is untranslatable and contains elements responsible for PCSK9
expression. However, it is impossible to predict the functional
consequences of this genetic variation.

OPUTMHAJIbHOE UCCJIEQOBAHNE | MEOVILIMHCKAA MEHETUKA

Patients with clinically established FH had mutations in
other genes involved in lipid metabolism, such as APOE,
which turned to be mutant in two participants. One of those
patients had a previously undescribed and likely pathogenic
mutation (p.Arg160His) located in exon 4. This genomic
region is involved in the binding of the APOE lipoprotein to
LDLR. Its mutant variants have been shown to be associated
with  autosomal-dominant familial ~ dysbetalipoproteinemia
[14]. Four participants carried the €4 allele of the APOE gene
resulting in the atherogenic isoform of apolipoprotein E (one of
those patients also had the p.Ala4002Val variant of uncertain
significance in the APOB gene).

Three patients had ABCA7 mutations; of them one was
pathogenic and two likely pathogenic implicated in low HDL.
Two patients were found to have ABCG8 mutations thought
to be associated with sitosterolemia: one was pathogenic and
another one of uncertain significance [15]. One patient had a
likely pathogenic mutation in the ABCG5 gene; one patient
carried a possibly pathogenic mutation in the LPL gene; one
bore a pathogenic mutation in ANGPTL3; another, a mutation
of uncertain significance in the MTTP gene.

Thus, of 38 patients with clinically established FH 24 (63.2%)
carried variants that could be phenotypically expressed as FH
or early CAD. Five of the identified variants were previously
undescribed.

The results of our study are presented in the Table below
and in Fig. 1.

DISCUSSION

The prevalence of FH in the general population is 0.2-0.5%,
but in patients with ACS it can be as high as 8%. Therefore,
its accurate diagnosis in this particular subpopulation is very
important as it enables adequate lipid-lowering therapy and

PCSK9

(Of uncertain significance)

*  p.Gluel2Llys*
*  c.*415G>A¥

LDLR 1

Pathogenic/likely pathogenic
*  pNal273_Cys313del*
¢ p.Gly20Arg (2 patients)

APOB

Pathogenic/likely pathogenic
+  pMNald265Ala

¢  p.Ser3279Gly

¢ p.Argl80Cys (Likely pathogenic)

*  p.Argl60His* (Likely pathogenic)

¢ MNonumopousm p.Cys130Arg, apoE4
(4 patients)

ABCA1

*  p.Pro85Leu (Likely pathogenic)

¢  p.Argd96Trp (Likely pathogenic)

*  pVal399Ala (Pathogenic)

ABCGS5

*  p.Gly27Ala (Likely pathogenic)

*  pGlu208Lys < Genes »| (Of uncertain significance)

(Of uncertain significance) +  p.Alad002Val

*  p.Ala776Ser* *  p.Asn2971Thr
APOE ABCGS8

LPL

ANGPTL3

MTTP

p-Ala642Thr (Of uncertain significance)
p.Leu572Pro (Pathogenic)
p.Thr379lle (Likely pathogenic)
p.Asn147* (Pathogenic)

p.Leu838Phe (Of uncertain significance)

* Previously undescribed variant

Fig. 1. Genetic variants associated with clinically diagnosed FH in patients with early ACS
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initiate cascade screening [16, 17]. In Russia the first steps
are being taken in investigating the prevalence of mutations
implicated in FH [18]. However, we already know about the
extreme genetic heterogeneity and the absence of the founder
effect demonstrated by a research team from Saint Petersburg
[19]. They screened a group of patients with FH who did not have
ACS and found no carriers of mutant APOB. Another research
work conducted in Northwest part of Russia also showed the
absence of APOB mutations in the studied subpopulation [20].
In our sample of patients with premature ACS, LDLR and APOB
mutant variants were equally represented (4 mutant variants
of LDLR of which 3 were pathogenic or likely pathogenic and
one was present in two patients; 4 mutant variants of APOB of
which two were pathogenic or likely pathogenic). Interestingly,
there were 2 patients in our sample with the FH phenotype
who carried mutations of uncertain significance in the PCSK9
gene. So far, only a few cases of PCSK9 variants have been
described in the Russian population [21]. All known deleterious
mutations of PCSK9 are very rare and have an allelic frequency
of < 0.1% in the general population [22]. Distribution of SNPs
in the general population only mildly affecting cholesterol
metabolism demonstrates a balance between the alleles that
up- and downregulate the levels of LDL. In the individuals at
the extreme ends of this spectrum, alleles that increase LDL
levels are hereditarily prevalent; together these alleles can
cause elevated LDL characteristic of heterozygous FH. One
of the most typical and well-studied examples of such single
nucleotide polymorphisms is the €2/€3/€4 polymorphism of the
APQE gene. The risk of developing CAD increases in the carriers
of the €4 allele manifold [23, 24]. The €4 allele of p.Cys130Arg
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BIOLUMINESCENT IMAGING: NEW OPPORTUNITIES
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Modern biomedical research technologies actively use bioimaging for studying cells, tissues and whole organisms. Multicolor
bioimaging is applied when simultaneous observation of different events at the molecular and cellular level is needed.
Bioluminescent imaging methods are the most sensitive, however, their use for multicolor labeling is complicated due to
the insufficient number of available uciferin-luciferase pairs. Having a number of advantages compared to previously studied
bioluminescent systems, the new bioluminescence systems of higher fungi and marine polychaete Odontosyllis could become
a useful expansion of the bioimaging toolbox.
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BUONIKOMUHECLEEHTHBIV UMUO)KWHI: HOBBIE BOSMO>XHOCTH

3. M. Ocunoga'?, A. C. LLernos'? = . B. SmMnonbckuii'?

T OTaen 6uoMonekynapHoON XuMmnm, VIHCTUTYT BroopraHmydeckor xummmn nvenn M. M. LLemsikuHa v FO. A. OunHHMKoBa PAH, Mockea
2 [labopaTtopus XM NPUPOAHBIX COEAMHEHNI, POCCUNCKIMIA HALMOHaNbHDBIA NCCNeaoBaTeNbCKUA MeaNUMHCKUIA yHBepcuTeT nMmeHn H. W. Miuporoea, Mockea

CoBpeMeHHble G1MOMEAMLIMHCKME VCCNEO0BaHNs aKTMBHO UCMOMb3YHOT METOAbl BUONUMUOIKMHIA KNETOK, TKaHen 1 LembixX
opraHnmamMoB. MHOIOLBETHbIN BUOVMUIDKUHI HaXOAWT CBOE MPVMEHeHWe B Cryvae HeoBXOavMOCTW OAHOBPEMEHHOro
HaOMOOEHVS PasHbIX COBBITUIA Ha MONEKYMSIPHOM 1 KIETOYHOM YPOBHSIX. Hanbonee YyBCTBUTENbHBIMA SBASKOTCS METOMbI
OVIOMFOMNHECLIEHTHOMO UMUOPKMHIE, OOHAKO UX UCTIONB30BaHME A1t MHOMOLIBETHOMO MEYEHS CASPKMBAETCA HEAOCTATOHbIM
KOMMHYECTBOM [OCTYMHbIX Nap noumdepasa—noLndepnt. YaauHbiM paclUnpeHnemM nanntpbl MHCTPYMEHTOB MOMEKYISPHOIO
UMUOKVMHIA MOryT CTaTb HOBble BMOMOMUHECLIEHTHbIE CUCTEMbI BbICLLMX TPUOOB M MOPCKOW nonwxetsl Odontosyilis,
obrnagatoLLme PSOoM NPErMYLLIECTB MO CPaABHEHWIO C paHee N3yHeHHbIMW CUCTEMaMN.

Knto4yeBble cnosa: 6V0IOMUHECLIEHLNS, BUONMUIKUHT, roumnbepvH, aroumndepasa
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Bioimaging of tissues and whole organisms is an integral part
of the current research routines aimed at studying molecular
events in the context of the disease development investigations
[1]. Fluorescent and bioluminescent proteins (luciferases)
are a very popular vehicle in bioimaging. For the purposes
of fluorescent bioimaging, there was developed a set of
fluorescent proteins with various spectral properties, ranging
from violet to far-red, photoactivated and photoconvertible,
as well as derivative sensors [2]. Luciferases that can be used
for bioimaging are significantly more scarce than fluorescent
proteins, but the methods making use of bioluminescence
deliver some of the most accurate results when applied to
examine deep tissues.

Luciferase catalyzes luminescence through oxidation
of luciferin, molecular substrate, which allows receiving the
analytical signal without using an external source of radiation,
an integral part of the routine with fluorescent proteins. Thus,
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bioluminescent imaging in vivo is virtually free from background
noise and offers unequaled sensitivity [3]. However, luciferases
as reporter proteins are not flawless. The activity of some of
them is strongly dependent on the number of cofactors and
can be inhibited by intracellular components or medicines
[4]. Still, despite bioluminescent systems being less practical
because of the need for at least two components to trigger light
emission, the relevant examination methods continue to evolve
and gain popularity rapidly.

Tools for bioluminescent imaging

Multicolor bioimaging allows simultaneous observation of
different events at the molecular level (e.g., gene expression
or protein-protein interactions), which translates into a smaller
number of animals used in the context of an experiment. There
is a number of strategies to follow; some of them are: joint
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use of luciferases of different organisms, mutant luciferases
of one organism, use of "luciferase-fluorescent protein" hybrid
constructs, etc. [5].

Some of the most popular luciferases used for
bioimaging are those of Photinus pyralis (62 kDa) Fluc, a
North American firefly, Pyrophorus plagiophthalamus (62 kDa)
(A, = 540-615 nm), a click beetle, and Renilla reniformis
Rluc (36 kDa) and Gaussia princeps Gluc (20 kDa)
(A, = 480 Hwm), both of which are marine creatures [6].
Luciferases of terricole organisms catalyze the D-luciferin-
oxygen reaction in the presence of ATP and Mg?* ions;
luciferases of marine organisms utilize coelenterazine as a sole
substrate. NanolLuc (19 kDa) (A, = 460 nm), an engineered
luciferase derived from the small domain of Oplophorus
gracilirostris luciferase, has been very popular since
2012, when it was developed [7]. NanoLuc makes use of
a different substrate, furimazine, a synthetic analogue of
coelenterazine.

Apart from the purely historical reasons, luciferases
catalyzing D-luciferin are popular because of their applicability
to imaging the processes involving ATP molecule [8]. Also,
there is a wide range of structural analogues of D-luciferin
available [3], including those emitting in the more red portion
of the spectrum, like the recently developed AkalLumine-HCI
(A, = 677 nm) [9]. It is necessary to clarify here that shifting
bioluminescence to the near IR range is important because
the spectral window for in vivo examination of processes
in deep tissues belongs there. In addition to the improved
spectral characteristics, AkalLumine-HCI distributes through
the cells better than D-luciferin and saturates firefly luciferase
(Fluc) more effectively. Directed mutagenesis of Fluc produced
Akaluc, an artificial luciferase, the synthetic substrate of which
is more active than the natural one [10]. The developed AlaBLI
system is almost 100-1000 times brighter than other available
systems; it allows bioimaging of a single deep tissue cells of
freely moving animals.

Technologically, a light filter and different bioluminescent
systems used together allow analysis of signals from different
processes; to this effect, the standard Promega DLR
assay contains both P pyralis and R. reniformis luciferase.
Another option is to introduce several mutant proteins to a
single bioluminescent system. DART, a recently developed
examination method, is an example of the latter. The system
makes use of green (PLG) and red (PLR1) firefly luciferase
mutants together with D-luciferin and its benzothiophene
analogue, respectively [11]. However, the techniques described
above are not flawless: the former carries a risk of light signal
inhibition by luciferases, the latter can produce cross-reactions
of the related luciferases with similar substrates.

Development of the fully artificial luciferases that work with
standard substrates (based on the genetic sequences of known
proteins) is an interesting approach to remedying the flaws,
one similar to the approach that produced the aforementioned
AlaBLI system. An example of the product thereof is Aluc, a
recent development that interacts with coelenterazine and
analogues (A = 487-500 nm) [12]. Chemical modification of
coelenterazine by conjugation with fluorescent dyes allowed
shifting the Aluc reaction's emission maximum to an even
longer wavelength region [13]. Preliminary calculations in the
context of an effort guided by a similar approach revealed

several orthogonal pairs "D-luciferin analogue-mutant Fluc
luciferase"; their activity was further confirmed in vivo [14].

Absence of cofactors in the luminescence reaction
simplifies analysis and makes marine luciferases usable in
extracellular imaging, which makes them a convenient vehicle.
NanolLuc, an engineered luciferase, is especially popular. Its
miniature size simplifies development of the new "luciferase—
fluorescent protein" fusion proteins used to expand the
imaging palette with the help of the BRET technique. BRET is
based on the Forster Resonant Energy Transfer (FRET) from
luciferase to a fluorescent protein, which results in a shift of
the emission maximum. Nanoluc luciferase and applicable
proteins produced a whole range of chimeric proteins that have
the emission maximum shifted to up to 680 nm with the help of
various fluorophores [15]. The recently developed Rluc8-iRFPs
chimeric proteins that also work in the long-wavelength portion
of the spectrum are a similar example [16].

Expansion of the palette: new luminescent system

Studying new, previously unresearched luminescent systems is
another approach to expanding the bioluminescent palette that
shows promise. Some of the recent discoveries here include
luciferin from Fridericia heliota (A, = 480 nm), an earthworm,
and that from fungi A, = 530 nm) [3]. Researchers have
already obtained a recombinant luciferase for the latter [17].
The cost price of fungal luciferin is several orders of magnitude
lower than that of D-luciferin while its stability is much higher.
The new fungal bioluminescent system allows for a simple
modification of luciferin structure, thus enabling production of
the functional analogues emitting light in the longer wavelength
range [18]; this property makes it a quite promising tool for
bioimaging, even considering the membrane localization of
the fungal luciferase, which may somewhat complicate its
practical use.

In 2018, researchers isolated luciferase of Odontosyllis
undecimonta, a marine polychaete [19]. This protein does
not luminesce with the known luciferins of marine organisms
(coelenterazine, Cypridina luciferin), which makes it the first
marine luciferase belonging to a fundamentally new type
of bioluminescent systems (i.e. orthogonal to all previously
studied) described in a long time. In vivo, the bioluminescence
of Odontosyllis peaks at around 510 nm. The reaction between
Odontosyllis luciferin and luciferase requires no cofactors, which
is also the case for other marine luminescent systems. As soon
as the structure of Odontosyillis luciferin is deciphered and its
synthesis method developed, this bioluminescent system will
be actively used in bioimaging.

CONCLUSIONS

A huge variety of multicolor bioimaging techniques available
allows choosing the one optimal for the particular task in the
context of a specific medical research. The most sensitive are the
bioluminescent imaging techniques, but in terms of multicolor
labelling, their application is limited by the insufficient number
of available luciferase-luciferin pairs. The recently discovered
bioluminescent systems of higher fungi and Odontosyllis, a
marine polychaete, which have several advantages over those
that are currently popular, can extend the palette.
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INSTRUMENTAL PALPATION IN ENDOSCOPIC RENAL SURGERY: CASE
REPORTS AND ANALYSIS
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Palpation is one of the classic examination methods in open surgeries. In minimally invasive surgery, intra-operational manual
palpation is impossible to use for assessing tactile characteristics of tissues. In Russia, the only available instrument for intra-
operational assessment and objective registration of tissue visco-elastic properties is the Medical Tactile Endosurgical Complex
(MTEC). The aim of this work was to study the performance of MTEC in renal surgery. The study was performed during nine
elective laparoscopic surgeries for clear cell renal carcinoma and simple renal cysts. We have found several differences in
the use of MTEC in renal surgery, as compared to its use in gastrointestinal or lung surgeries. The key factor determining
these differences was the inverse relations between tissue visco-elastic properties: the studied tumors were softer than the
surrounding tissue. Detection of intraparenchymal tumors by tactile methods was impossible. For surface tumors, in one case
out of nine it was possible to strictly locate the border of the tumor by tactile examination. We were able to quantitatively assess
and determine the difference in hardness of tumors and intact tissue using MTEC. This allows studying the prognostic value of
objectively registered tactile characteristics of renal tumors.

Keywords: renal surgery, instrumental mechanoreceptoric palpation, objective registration of tactile images, Medical Tactile
Endosurgical Complex (MTEC), clear cell renal carcinoma, renal cyst
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WHCTPYMEHTAJIbHASA NANBIMALMSA B 9HAOCKOMUYECKOW XUPYPI N
MOYEK: OMNbIT MPUMEHEHUA

P. ®. Conoposa' &= M. M. Tonctbix?, T. K. Vcaes®, P. H. TpywkuH®, B. 1. Btoperko?®, B. M. Ctaposepos’, M. 3. Cokonos'

" MexaHnko-mMaTemaTn4eckuin haxynsteT, MOCKOBCKWUIN roCyAaPCTBEHHbIN YHMBEPCUTET UMeHn M. B. JlomoHocoBa, Mocksa
2 MOCKOBCKWIA FOCYAAPCTBEHHBIA MEAVKO-CTOMATONOMMHECKUA yHUBEPCUTET UMeHn A. V1. EBokumoBa, Mockea
3 Yponoruyeckoe otaeneHve, fopoackas knmHndeckast 6onbHuLa Ne 52, Mocksa

ManbnaTopHas OLeHKa — OAMH U3 KNAaCCUYECKMX METOAOB MCCAEO0BaHNA MPU OTKPBITbIX XVPYPIMHECKMX BMELLIATENbCTBAX.
B ManovHBasnBHOM XMPyprum WHTPaonepaLyoHHas MaHyanbHasd nanbnauvs HEeBO3MOXKHa MPU OLEHKE TaKTWIbHbIX
XapaKTepUCTUK TkaHen. B Poccun eguHCTBEHHBIM AOCTYMHBIM MPYOOPOM AN NHTPaoNepaLiOHHON OLEHKN 11 OO BEKTUNBHON
PEerncTpaLnn BA3KO-yMPYrX XapakTePUCTVK TKaHen ABASETCA MEOVLMHCKUA TakTUbHbIA SHAOXVPYPIUHECKUIA KOMMIEKC
(MTOK). Llenbto paboTbl 66110 1M3y4mTb BO3MOXHOCTU NMpuMeHeHVs MTOK B xvpyprim nodek. ViccneqosaHne npoBoanm
B XOAe AEBATU MNIaHOBbIX 1anapOCKOMMYECKNX BMELLATENbCTB: MO MOBOAY CBET/IOKNETOYHOMO paka NoYKM 1 MPOCTbIX KUCT
NoYKK. BbisBneHsl 0COB6eHHOCTN, oTInHaoLLe ncnonb3osaHne MTIOK B Xvpyprm nodek OT ero MPUMEHEHWS Ha opraHax
raCTPOVHTECTUHABHOIO TPaKTa 1 nerkmnx. KnoyesbiM (hakTopoM, ONPEeRENsoLLMM Hanu4mne 3Tux OCOBEHHOCTEN, ABAETCA
06paTHOE COOTHOLLIEHME BA3KO-YMPYIrMX XapakTEPUCTUK: UCCNeaoBaHHbIe OMyxOn OKasach MArde OKpYy>KaroLLen TKaHW.
CphenaH BbIBOA, O HEBO3MOXXHOCTM BbISBIEHNS TaKTUbHBIMI METOAAMM HOBOOOPA30BaHWN, PaCMONOMEHHbIX B MapeHXMME.
[1ns NOBEPXHOCTHBIX HOBOOOPA30BaHWiA B OOAHOM 13 AEBATU ClyHaeB MeXaHOPELENTopHasA nanbnauvsa no3Bonmna BbISBUTb
4YETKOE pacnosiokeHne rpaHuLpl onyxonu. MpumeHeHne MTOK Mo3BOMMAO KOAMHYECTBEHHO OUEHUTb U 3adKCUpPOBaThb
Pa3HKLY B XKECTKOCTHBIX XapakTEPUCTUKaX OMYXOSN 1 HEM3MEHEHHOW TKaHW, YTO OTKPbIBAET BOSMOXHOCTb VCCNef0BaHNs
MPOrHOCTUYECKOW 3HAYMMOCT OOBEKTUBHO PErMCTPUPYEMBIX TaKTUAbHBIX XapakTepUCTUK HOBOOOPAa30BaHWA MOYKMU Ha
OCHOBaHMM MOMyYEHHbIX LIMOPOBBIX AaHHBIX.

KntoyeBble cnoBa: xvpyprusi novek, UHCTPyMeHTallbHasi MexaHopeLenTopHasa nasnbrnaums, 06bekTBHAS perncTpaums
TaKTUIbHOro 06pagda, MedVNUMHCKMA TaKTUIbHBIM SHAOXMPYPrndeckut komnnekc (MTOK), CBETNOKNETOUHbIN pak MoYky,
K1CTa NOYKN

®uHaHcupoBaHue: paboTa BbiNONHeHa Npw noaaepxke Poccunckoro HayydHoro donaa: npoekT Ne 16-11-00058 «PaspaboTka MeTogoB 1 anropuTMoB
aBTOMAaTU3MPOBAHHOMO aHanM3a MeaVLMHCKOM TaKTUbHOM MH(OPMaLIA 1 KnacCudUKaLmm TakTUIbHbIX 06pa3oB».
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OPUTMHAJIbHOE UCCJIEQOBAHNE | XNPYPI'NA

Palpation, based on the sense of touch, is one of the basic
parts of physical examination and is routinely used in open
surgeries. During manual palpation, the visco-elastic properties
of tissues and organs are assessed. This method is based on
the evaluation of tactile characteristics, which change due to
various pathologic processes. In particular, when malignant
tumors form, the hardness of the tissue usually increases [1].

With the advent of minimally invasive surgery, intra-
operational assessment of tissue tactile characteristics has
changed. It is mediated by instruments and has taken the
form of kinesthetic feedback in endoscopic surgery [2], and
has practically disappeared in robot-assisted surgery [3, 4].
Information value of the feedback during manipulation strongly
depends on the qualification and experience of the surgeon.
It needs to be noted that even traditional palpation, despite
its prolonged use in medical practice, is not a thoroughly
standardized procedure, and the interpretation of its results
depends significantly on the skill of the doctor [5, 6].

Development of instrumental tactile methods will help
increase the awareness of the operator about tactile properties
of the tissues during minimally invasive surgery and, in particular,
will allow such assessment during robot-assisted surgery [7].
It will also help make palpation more objective, due to the
possibility to save and reproduce the acquired information,
among other features.

In medical practice, instruments for objective assessment
of tissue tactile characteristics and tumor detection with
tactile mechanoreceptor diagnostics are used in mammary
glands and the prostate [8, 9]. An instrumental tactile vaginal
examination method has been described for diagnosing pelvic
organ prolapse [10]. Another instrumental palpation method
has been described for detecting kidney stones during their
laparoscopic extraction [11].

In Russia, the only commercially available instrument for
intra-operational assessment of tissue tactile characteristics
is the Medical Tactile Endosurgical Complex, MTEC-01
(“SPLAV”; Russia). MTEC is used, in particular, to detect and
locate tumors in patients with peripheral lung cancers and
gastrointestinal malignant tumors [12, 13].

Active implementation of minimally invasive treatment
methods in renal surgery leads to an increased need for
instrumental tactile examination. It is crucial for precise
localization of the zone of pathological changes and additional

assessment of the spread of the pathological process during
surgery. The aim of this work was to study the performance of
MTEC in renal surgery.

METHODS
Patients

From March to May 2017, nine surgeries were performed
using MTEC-01 in the City Clinical Hospital Ne52. The study
was approved by the ethics committee of the hospital
(protocol No. 0101/0117, January 25, 2017). Inclusion criteria
were: indications for an elective, potentially organ-preserving
laparoscopic surgery (cyst fenestration, kidney resection)
or the diagnostic stage of a laparoscopic surgery on kidney
parenchyma (in the course of nephrectomy). Exclusion criteria
were: lack of the possibility and indications for a laparoscopic
surgery. Nine patients took part in the study, four men and
five women, aged 48-78 (average age 63.7 years). After the
patients were informed about the possibility of using additional
intra-operational diagnostic methods during surgery, all of
them signed a voluntary informed consent form for the surgical
procedure.

The surgeries included seven kidney resections, one
nephrectomy and one elective nephradrenalectomy (see Table).

MTEC description

To perform an instrumental tactile examination during surgeries,
we used MTEC-01 (“SPLAV”, Russia). It comprises tactile
mechanoreceptors (probes), a computer with special software,
and an optional tactile display from which the surgeon can feel
tactile images by hand. The instrument exists in two versions
with different diameters of working part — 20 and 10 mm. On
the working surface of the probe, depending on its diameter,
19 or 7 pressure sensors are located. They transfer data to
the computer through a wireless connection, up to 100 times
per second. Fig. 1 shows a probe with diameter 10 mm and
seven sensors at the working surface. The results are shown
on the tactile display in real-time, and also on a screen with the
use of an adaptive color scale. With an average press force,
softer tissues are shown green, harder tissues — red, and blue
indicates intermediate results.

Table. Clinical characteristic of patients, type of surgery and results of histological analysis

Patient | Sex | Age Diagnosis Laparoscopic procedure Histological description Tumor size, mm
Renal cancer in left kidney, T3aNOMO. Clear cell renal carcinoma
1 M 52 Chronic renal failure st. 1. Chronic Left nephrectomy . ’ 68
. ) G2 according to Fuhrman
kidney disease st. 3.
2 M 66 Renal cancer in left kidney, TIbNOMO | Left nephradrenalectomy Clear cell rgnal carcinoma, 54
G3 according to Fuhrman
3 E 78 Renal cancer in sole remaining right Resection of sole right kidney Clear cell renal carcinoma, 34
kidney, T1aNOMO with tumor G1 according to Fuhrman
4 F 77 stt in the upper segment of right Rgsectlon of upper pole of right kidney Simple tense renal cyst 62
kidney Bosniak IIF with cyst wall
5 F 48 ggz;:zkuﬁlper segment of right kidney Resection of right kidney with cyst wall | Simple renal cyst 86
6 F 53 Cyst n lower segment of left kidney Resection of left kidney with cyst wall Simple renal cyst 79
Bosniak IIF
7 M 63 Cyst n lower pole of left kidney Resection of left kidney with cyst wall Simple renal cyst 64
Bosniak IIF
8 M 68 Cyst n middle segment of left kidney Resection of left kidney with cyst wall Simple renal cyst 57
Bosniak Il
9 F 68 ggz;:gkum?er segment of left kidney Resection of left kidney with cyst wall Simple renal cyst 41
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Surgical team training

When a new type of instrument is being introduced into
clinical practice, theoretical and practical personnel training is
necessary. Training with a simulator helps ensure reproducibility
of results. All members of the surgical team (not only the
operating surgeon) developed instrumental palpation skills
with a box trainer. The aims of training were: to form a realistic
vision of the method’s capabilities, without unreasonably high
expectations; to develop skills for understanding the adaptive
color scale and assessing the amount of mistakes made when
locating a hard object in soft tissues. Experienced practicing
surgeons took part in the training. The length of the training
was no more than 45 minutes. Later, during the study, one
surgeon did all assessments, while assisting surgeons could
also use the method if necessary. The training began with
a brief explanation of the basics of the method and use of
the instrument. Then the surgeons performed instrumental
palpation on objects of different hardness, not hidden inside
tissue. After that, they practiced palpating a metal ball placed
inside soft spongy material. All surgeons mastered the method
in 5 minutes, except one surgeon who needed a personal
training session. Even taking this into account, six sessions
with a laparoscopic box trainer were enough to achieve the
goals of training.

The results of training have confirmed that information
acquired by the surgeon with instrumental tactile examination
is not analogue of information received during traditional
palpation. While using MTEC, the surgeon combines kinesthetic
sensations from contact with tissues, a visual image of the
palpated organ, visualization of the tactile image based on
the adaptive color scale and, optionally, a tactile image on the
tactile display. The surgeon analyzes this information to find
answers to the questions set by the aim of examination (for
example, locating the border of the tumor to determine the
necessary and sufficient resection margins).

Course of the study

MTEC was used for patients who, according to medical
urological indications, had elective laparoscopic kidney
resection, cyst fenestration, or nephrectomy. Tactile examination
was performed by one surgeon in a stable laparoscopic surgical
team. When planning the surgery, we took into account that
the increase in surgery and anesthesia time cannot be more
than 10-15 min. The palpation zone was controlled visually
at all times. The paranephrium over the examination zone
was removed according to the standard surgical protocol.
Instrumental mechanoreceptor palpation and is results did not
affect the initial surgery plan. To verify intra-operationally the
location of the tumor and to verify the results of instrumental
tactile examination, an intra-operational ultrasound examination
was performed with an ultrasound apparatus Flex Focus (BK
Medical; Denmark). There was no need to extend the stages
of the surgery that require temporary cessation of blood flow
(during resection). Thus, in the course of instrumental tactile
examination the surgeon was not subjected to temporal stress
due to the use of a new instrument. Additional laparoscopic
ports, apart from the ones installed as a part of the standard
laparoscopy protocol, were not used.

Conditions of instrumental palpation differed depending
on tumor characteristics. Examination of visible tumors was
performed starting from an arbitrary point closest to the renal
hilum, clockwise until the tumor was fully localized. Two types
of examination were used: static and dynamic. For static
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examination, the tactile probe was applied to different parts of
the tissue step by step. For dynamic examination, the probe was
moved along the tissue under light pressure, while constantly
preserving the contact between sensors and the tissue. When
the border of the tumor was not visible, instrumental tactile
examination was started from the upper pole of the assumed
tumor location zone and continued clockwise. In the course
of examination, (1) the possibility to locate the tumor border
based on tactile mechanoreceptor data was analyzed; (2) a
tactile characteristic of the tumor was given; (3) the kinesthetic
sensation was recorded (soft-hard, softer or harder than healthy
kidney tissue).

When visualizing the tactile image based on the adaptive
color scale, the following templates were described:

— soft: the center is outside the palpation zone due to
pressure on the outside perimeter of the mechanoreceptor
working part (center is light green) (Fig. 2A);

— firm: the center is under pressure, the outside perimeter
is partially outside the palpation zone (center is blue or red,
perimeter color indicates lower pressure) (Fig. 2B);

— border: a border line without acute angles is visible, and
on both sides of it the registered pressure values are close
to uniform (but the pressure on different sides of the line is
visualized with different colors) (Fig. 2C).

Due to the standard position of laparoscopic ports, the
optimal contact angle (when the tactile probe is almost
perpendicular to the examined tissue) could be reached
when examining mainly the front, medial and, partly, other
side surfaces of the kidney. Instrumental palpation of the
back surface of the kidney required mobilizing the organ and
rotating the renal pedicle. Because of this, in order to avoid
ischemic injury, instrumental palpation of the back surface
was performed only in the cases when kidney removal was
planned.

RESULTS

During the study, the following points were considered most
important:
—the possibility of “palpatory visualization” of the renal tumor
for surface tumors and tumors located inside the parenchyma;
— how visco-elastic properties of the surrounding tissue
(characteristics of the parenchyma) influence the information
value of instrumental tactile examination;

Fig. 1. A tactile probe with diameter 10 mm and seven pressure sensors on the
working surface
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— comparability of the results of instrumental tactile
examination to information acquired from kinesthetic feedback.

The following results were obtained.

Patient Po., 52 years old. Macroscopically solid nodular
tumor, up to 68 mm in size, located on the surface and
visualized during laparoscopy (Fig. 3). Kinesthetically hard.
According to kinesthetic sensation, the tumor was softer than
intact tissue, which was consistent with the visualization of
the registered tactile image based on the adaptive color scale
(Fig. 3C). The border was convincingly detected by the
instrumental tactile method. It needs to be noted that, due
to the size of the tumor, the working angle of the tactile
probe on the tumor was substantially different than on intact
kidney tissue.

Patient Pe., 66 years old. Macroscopically cystic tumor,
54 mm in size, located on the surface and visualized during
laparoscopy. Kinesthetically soft. According to kinesthetic
sensation, kidney parenchyma is harder than the tumor.
Instrumental palpation also showed that the tumor was softer
than the parenchyma. Precise determination of the tumor
border with instrumental tactile examination was deemed
impossible.

Patient S., 78 years old. Tumor in the upper pole of the
kidney, 34 mm in size (T1aNOMO0). An organ-preserving
resection of the sole remaining kidney was performed. The
tumor was located under the renal capsule, was not visible
and could not be located with instrumental tactile examination
(Fig. 4). Resection became technically possible only after
tumor visualization with an ultrasound 3D-reconstrucion, which
confirmed resectability and allowed determining the necessary
operative procedure. At the same time, the tumor was found
to be only 2 mm below the surface of the organ (Fig. 4A). The
surgery lasted 140 mins. Temporary hemostasis control was
obtained by endoscopically applying a bulldog clip on the
whole renal pedicle. Warm ischemia time was 17 mins. Final
hemostasis was reached by stitching the kidney wound.

Patient Sh., 77 years old. Macroscopically tense renal
cyst, located on the surface, 62 mm in size, easily visible.
Kinesthetically soft. According to kinesthetic sensation, the
cyst was softer than kidney parenchyma. According to tactile
characteristics visualized with the adaptive color scale, it did
not differ significantly from healthy tissue and was difficult to
localize. Under moderate pressure all fields were green.

The remaining five cases were presented with macro- and
microscopically non-tense simple renal cysts and were analyzed
together. In all five cases, strict localization of cyst borders
based on the data from instrumental mechanoreceptoric
examination was deemed impossible.

Cyst visualization yielded a template with an evenly colored
perimeter. With this template, an analysis of cyst tension was
possible by comparing the colors of the central and peripheral
fields. A tense cyst yielded the firm template, and non-tense
cysts yielded intermediate patterns between distinctly soft and
distinctly firm templates.

DISCUSSION

When the first laparoscopic nephrectomy was described [14],
the era of minimally invasive operations in renal surgery has
started. Advantages of endoscopy, including less trauma,
shorter postoperative period, and better visualization during
surgery with instruments, come together with a shortage of
available examination methods because palpating organs and
tissues is rendered impossible. In endoscopic surgery, the only
available feedback is kinesthetic, determined by the pressure

applied to muscles and ligaments [2]. Standard robot-assisted
surgery lacks both tactile and kinesthetic feedback [3]. Studies
with additional instruments creating tissue response have
shown that these instruments allow reducing grasping power
and, consequently, decreasing tissue damage [15].

In literature, several types of instruments have been
described that help obtain kinesthetic and tactile information
during laparoscopic  surgeries, including robot-assisted
surgeries [12, 13, 16-19]. The majority of these instruments
performs specific tasks, such as controlling the grasping power,
and does not allow an instrumental tactile examination. MTEC,
on the contrary, is designed specifically for mechanoreceptoric
palpation.

Apart from obtaining additional information during
endoscopic surgery, with instrumental palpation it is possible
to make the results of tactile examination more objective.
This, in turn, increases the efficiency of examination for less
experienced surgeons.

Implementing an objective method of tissue tactile
characteristic assessment during surgery seems to be a
promising but understudied aspect of renal surgery. In this
work, we studied the performance of MTEC for instrumental
mechanoreceptoric palpation in renal surgery. We found
several features that differentiate the use of MTEC for
instrumental mechanoreceptoric palpation in renal surgery from
its use on gastrointestinal organs and lungs [12, 13]. The key
factor determining these differences is the inverse relations
between tissue visco-elastic properties of renal tumors and
surrounding tissues. While most malignant tumors are harder
than healthy tissue [1, 20-22], the studied renal tumors
(according to histological examination, all studied tumors were
clear cell renal carcinoma) were softer than the surrounding
healthy tissue. These results consistent with observations
showing that Young’s modulus of healthy kidney tissue
is significantly higher than Young’s modulus of renal cell
carcinoma [23]. The difference between direct and inverse
relations of hardness in tumors and surrounding tissue is
essential because, even with manual palpation, tissue softness
is assessed not separately but together with other tissues and
parameters. Because of this, intraparenchymal tumors, even at
a small depth (2 mm), cannot be located with tactile methods

' ‘I
C
Fig. 2. Visualization of characteristic tactile frames in the adaptive color scale: soft
template (A), firm template (B), border template (C)

A
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due to their softness: the harder surrounding tissue conceals
softer structures. We can propose an appropriate cooking
analogy. When baking, the readiness of dough cannot be
assessed with tactile characteristics, because the upper crust
springs in the same way regardless of the state of inner parts.
Other methods are used to determine if the product is ready.
At the same time, surface tumors were identified with tactile
examination. In one case, tactile examination made it possible
to precisely localize the tumor border.

Cysts, according to their instrumentally registered tactile
characteristics, did not differ significantly from healthy kidney
tissue, which conformed well to results of instrument-
mediated palpation and further manual palpation of removed
specimens. Hardness of the tense cyst was slightly higher than
in surrounding tissue, but it was impossible to locate its border
with tactile methods.

Another important observation is that instrumental tactile
examination with  MTEC becomes more informative with
dynamic rather than static palpation. The key feature of dynamic
palpation is the “roll-over” of the instrument’s working surface
from the initial point over the study area. Because the probe
was fixed inside a trocar, freedom of movement for dynamic
palpation was limited but still sufficient for the manipulation.
Static palpation, with pressure applied along the axis of the
probe, was notably less informative.

During training with a metal ball inside spongy material, we
discovered that with MTEC, localizing hard inclusions smaller
that the working surface of the probe is easier than localizing
larger inclusions. We propose that MTEC efficiency can be
enhanced if the working surface area is increased without
increasing the diameter of the probe itself.

For renal surgery, it is necessary to modify MTEC software
to include a regime for localizing tumors softer that the
surrounding tissue. Current software is aimed at searching for
harder structures [24, 25]. A simple change in the adaptive
color scale that would highlight softer zones during visualization
will already help the surgeon read the image more naturally.

In most cases it was impossible to localize tumor borders
based solely on the results of instrumental tactile palpation with
MTEC. However, the study has shown differences in registered
tactile templates for cases when tumors were harder or softer
than the surrounding tissue. Standardization of instrumentally
registered tactile information (for example, allocation of tactile
frames which correspond to the pressure exactly determined by
the probe’s weight) raise a question of studying the prognostic
value of instrumentally registered tactile characteristics for
tumor staging. Standardization will also help specify surgical
tactics. For several types of malignant tumors this connection
was already described [22, 26, 27].

CONCLUSIONS

Malignant renal tumors show an inverse relations of tumor and
healthy tissue hardness: tumors are softer than the surrounding
kidney tissue. This feature is highly significiant for instrumental
tactile examination. Because of this, it is impossible to locate
tumors situated inside the parenchyma, even at a small depth,
with tactile methods. For surface tumors, in one of the cases,
information from mechanoreceptoric palpation was sufficient
to precisely locate the tumor border. In other cases, it was
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impossible to locate the tumor based on the information from
instrumental tactile examination. However, in these cases use
of MTEC allowed a quantitative evaluation of the difference in
hardness between the tumor and intact tissue. The advent of
a technology that can perform such an evaluation opens the
possibility to study the prognostic value of objectively registered
tactile characteristics of renal tumors for intra-operational
express diagnosis. In the course of this study, the methodology
of tactile examination was improved and templates for use in
diagnosing renal tumors were developed.

Fig. 3. Examining a tumor with a visible border. A. Image from a laparoscopic
camera, examination with a tactile probe. B. Removed specimen; the visual border
of the tumoris shown. C. Visualization of a tactile frame with the adaptive color scale

Fig. 4. Examining a non-visible tumor inside the parenchyma. A. Ultrasound
visualization of the tumor; distance from the surface is shown. B. Examination
with a tactile probe: image from a laparoscopic camera. C. Scanning with an
ultrasound sensor; image from a laparoscopic camera. D. Visualization of a tactile
frame with the adaptive color scale




OPUTMHAJIbHOE UCCJIEQOBAHNE | XNPYPI'NA

References

1.

10.

11.

12.

13.

14.

15.

Paszek MJ, Zahir N, Johnson KR, Lakins JN, Rozenberg Gl,
Gefen A, et al. Tensional homeostasis and the malignant
phenotype. Cancer Cell. 2005; 8 (3): 241-54.

Abdul-Muhsin HM, Humphreys MR. Advances in laparoscopic
urologic surgery techniques. F1000Res. 2016; 5(F1000 Faculty
Rev): 716.

Okamura AM. Haptic feedback in robot-assisted minimally
invasive surgery. Curr Opin Urol. 2009; 19 (1): 102-7.

Lim SC, Lee HK, Park J. Role of combined tactile and kinesthetic
feedback in minimally invasive surgery. Int J Med Robot. 2015; 11
(3): 360-374.

Fletcher SW, O'Malley MS, Pilgrim CA, Gonzalez JJ. How do
women compare with internal medicine residents in breast lump
detection? A study with silicone models. J Gen Intern Med. 1989;
4 (4): 277-83.

McDonald S, Saslow D, Alciati MH. Performance and reporting
of clinical breast examination: A review of the literature. CA: A
Cancer J Clin. 2004; 54 (6): 345-361.

Lim SC, Lee HK, Park J. Role of combined tactile and kinesthetic
feedback in minimally invasive surgery. Int J Med Robot. 2015; 11
(3): 360-374.

Egorov V, Sarvazyan AP. Mechanical imaging of the breast. IEEE
Trans Med Imaging. 2008; 27 (9): 1275-87.

Weiss RE, Egorov V, Ayrapetyan S, Sarvazyan N, Sarvazyan A.
Prostate mechanical imaging: a new method for prostate
assessment. Urology. 2008; 71 (3): 425A.9.

Egorov V, van Raalte H, Lucente V. Quantifying vaginal tissue
elasticity under normal and prolapse conditions by tactile imaging.
Int Urogynecol J. 2012; 23 (4): 459-66.

Afshari E, Najarian S, Simforoosh N. Application of artificial tactile
sensing approach in kidney-stone-removal laparoscopy. Biomed
Mater Eng. 2010; 20 (5): 261-7.

Barmin V, Sadovnichy V, Sokolov M, Pikin O, Amiraliev A. An
original device for intraoperative detection of small indeterminate
nodules. Eur J Cardiothorac Surg. 2014; 46: 1027-1031.
Solodova RF, Galatenko VV, Nakashidze ER, Shapovalyants SG,
Andreytsev IL, Sokolov ME. et al. Instrumental mechanoreceptoric
palpation in gastrointestinal surgery. Minimally invasive surgery.
2017;2017.

Clayman RV, Kavoussi LR, Soper NJ, Dierks SM, Merety K,S,
Darcy MD, et al. Laparoscopic nephrectomy: initial case report. J
Urol. 1991; 146 (2): 278-282.

Wottawa CR, Genovese B, Nowroozi BN, Hart SD, Bisley JW,
Grundfest WS, et al. Evaluating tactile feedback in robotic surgery

Jlutepatypa

1.

Paszek MJ, Zahir N, Johnson KR, Lakins JN, Rozenberg Gl,
Gefen A, et al. Tensional homeostasis and the malignant
phenotype. Cancer Cell. 2005; 8 (3): 241-54.

Abdul-Muhsin HM, Humphreys MR. Advances in laparoscopic
urologic surgery techniques. F1000Res. 2016; 5(F1000 Faculty
Rev): 716.

Okamura AM. Haptic feedback in robot-assisted minimally
invasive surgery. Curr Opin Urol. 2009; 19 (1): 102-7.

Lim SC, Lee HK, Park J. Role of combined tactile and kinesthetic
feedback in minimally invasive surgery. Int J Med Robot. 2015; 11
(3): 360-374.

Fletcher SW, O'Malley MS, Pilgrim CA, Gonzalez JJ. How do
women compare with internal medicine residents in breast lump
detection? A study with silicone models. J Gen Intern Med. 1989;
4 (4): 277-83.

McDonald S, Saslow D, Alciati MH. Performance and reporting
of clinical breast examination: A review of the literature. CA: A
Cancer J Clin. 2004; 54 (6): 345-361.

Lim SC, Lee HK, Park J. Role of combined tactile and kinesthetic
feedback in minimally invasive surgery. Int J Med Robot. 2015; 11
(3): 360-374.

Egorov V, Sarvazyan AP. Mechanical imaging of the breast. IEEE

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

10.

11.

12.

13.

14.

15.

for potential clinical application using an animal model. Surg
Endosc. 2016; 30 (8): 3198-209.

Puangmali P, Althoefer K, Seneviratne LD, Murphy D, Dasgupta P.
State-of-the-art in force and tactile sensing for minimally invasive
surgery. [EEE Sensors J. 2008; 8 (4): 371-381.

Dahiya RS, Metta G, Valle M, Sandini G. Tactile sensing — From
humans to humanoids. IEEE Trans Robot. 2010; 26 (1): 1-20.
Schostek S, Schurr MO, Buess GF. Review on aspects of artificial
tactile feedback in laparoscopic surgery. Med Eng Phys. 2009; 31
(8): 887-898.

Schostek S, Zimmermann M, Schurr MO, Prosst RL. Design
and Performance of a Low-Cost Telemetric Laparoscopic Tactile
Grasper. Surg Innov. 2016; 23 (3): 291-7.

Samani A, Zubovits J, Plewes D. Elastic moduli of normal and
pathological human breast tissues: an inversion-technique-
based investigation of 169 samples. Phys Med Biol. 2007; 52 (6):
1565-76.

Hoyt K, Castaneda B, Zhang M, Nigwekar P, di Sant'agnese PA,
Joseph JV, et al. Tissue elasticity properties as biomarkers for
prostate cancer. Cancer Biomark. 2008; 4 (4-5): 213-25.
Kawano S, Kojima M, Higuchi Y, Sugimoto M, Ikeda K, Sakuyama N,
et al. Assessment of elasticity of colorectal cancer tissue, clinical
utility, pathological and phenotypical relevance. Cancer Sci. 2015;
106 (9): 1232-9.

Lee JW, Lorenzo El, Ahn B, Oh CK, Kim HJ, Han WK, et al.
Palpation device for the identification of kidney and bladder
cancer: a pilot study. Yonsei Med J. 2011; 52 (5): 768-72.
Solodova R, Staroverov V, Galatenko V, Galatenko A, Solodov E,
Antonov A., et al. Automated detection of heterogeneity in medical
tactile images. In: Westwood JD, Westwood SW, Fellander-Tsai L,
Fidopiastis CM, Liu A, Senger S, et al, editors. Medicine Meets
Virtual Reality 22. Vol. 220 of Studies in Health Technology and
Informatics. Amsterdam: 10S Press, 2016; 383-389.

Solodova RF, Galatenko VV, Nakashidze ER, Andreytsev IL,
Galatenko AV, Senchik DK, et al. Instrumental tactile diagnostics
in robot-assisted surgery. Med Devices (Auckl). 2016; 9: 377-382.
Evans A, Armstrong S, Whelehan P, Thomson K, Rauchhaus P,
Purdie C, et al. Can shear-wave elastography predict response
to neoadjuvant chemotherapy in women with invasive breast
cancer? Br J Cancer. 2013; 109 (11): 2798-802.

Fenner J, Stacer AC, Winterroth F, Johnson TD, Luker KE, Luker GD.
Macroscopic stiffness of breast tumors predicts metastasis. Sci
Rep. 2014; 4: 5512.

Trans Med Imaging. 2008; 27 (9): 1275-87.

Weiss RE, Egorov V, Ayrapetyan S, Sarvazyan N, Sarvazyan A.
Prostate mechanical imaging: a new method for prostate
assessment. Urology. 2008; 71 (3): 425A.9.

Egorov V, van Raalte H, Lucente V. Quantifying vaginal tissue
elasticity under normal and prolapse conditions by tactile imaging.
Int Urogynecol J. 2012; 23 (4): 459-66.

Afshari E, Najarian S, Simforoosh N. Application of artificial tactile
sensing approach in kidney-stone-removal laparoscopy. Biomed
Mater Eng. 2010; 20 (5): 261-7.

Barmin V, Sadovnichy V, Sokolov M, Pikin O, Amiraliev A. An
original device for intraoperative detection of small indeterminate
nodules. Eur J Cardiothorac Surg. 2014; 46: 1027-1031.
Solodova RF, Galatenko VV, Nakashidze ER, Shapovalyants SG,
Andreytsev IL, Sokolov ME. et al. Instrumental mechanoreceptoric
palpation in gastrointestinal surgery. Minimally invasive surgery.
2017; 2017.

Clayman RV, Kavoussi LR, Soper NJ, Dierks SM, Merety K,S,
Darcy MD, et al. Laparoscopic nephrectomy: initial case report. J
Urol. 1991; 146 (2): 278-282.

Wottawa CR, Genovese B, Nowroozi BN, Hart SD, Bisley JW,
Grundfest WS, et al. Evaluating tactile feedback in robotic surgery

BECTHUK PIrMY | 5, 2018 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | SURGERY

16.

17.

18.

19.

20.

21.

22.

for potential clinical application using an animal model. Surg
Endosc. 2016; 30 (8): 3198-209.

Puangmali P, Althoefer K, Seneviratne LD, Murphy D, Dasgupta P.
State-of-the-art in force and tactile sensing for minimally invasive
surgery. [IEEE Sensors J. 2008; 8 (4): 371-381.

Dahiya RS, Metta G, Valle M, Sandini G. Tactile sensing — From
humans to humanoids. |[EEE Trans Robot. 2010; 26 (1): 1-20.
Schostek S, Schurr MO, Buess GF. Review on aspects of artificial
tactile feedback in laparoscopic surgery. Med Eng Phys. 2009; 31
(8): 887-898.

Schostek S, Zimmermann M, Schurr MO, Prosst RL. Design
and Performance of a Low-Cost Telemetric Laparoscopic Tactile
Grasper. Surg Innov. 2016; 23 (3): 291-7.

Samani A, Zubovits J, Plewes D. Elastic moduli of normal and
pathological human breast tissues: an inversion-technique-
based investigation of 169 samples. Phys Med Biol. 2007; 52 (6):
1565-76.

Hoyt K, Castaneda B, Zhang M, Nigwekar P, di Sant'agnese PA,
Joseph JV, et al. Tissue elasticity properties as biomarkers for
prostate cancer. Cancer Biomark. 2008; 4 (4-5): 213-25.
Kawano S, Kojima M, Higuchi Y, Sugimoto M, lkeda K, Sakuyama N,
et al. Assessment of elasticity of colorectal cancer tissue, clinical

BULLETIN OF RSMU | 5, 2018 | VESTNIKRGMU.RU

23.

24.

25.

26.

27.

utility, pathological and phenotypical relevance. Cancer Sci. 2015;
106 (9): 1232-9.

Lee JW, Lorenzo El, Ahn B, Oh CK, Kim HJ, Han WK, et al.
Palpation device for the identification of kidney and bladder
cancer: a pilot study. Yonsei Med J. 2011; 52 (5): 768-72.
Solodova R, Staroverov V, Galatenko V, Galatenko A, Solodov E,
Antonov A, et al. Automated detection of heterogeneity in medical
tactile images. In: Westwood JD, Westwood SW, Fellander-Tsai L,
Fidopiastis CM, Liu A, Senger S, et al, editors. Medicine Meets
Virtual Reality 22. Vol. 220 of Studies in Health Technology and
Informatics. Amsterdam: |IOS Press. 2016; 383-389.

Solodova RF, Galatenko VV, Nakashidze ER, Andreytsev IL,
Galatenko AV, Senchik DK, et al. Instrumental tactile diagnostics
in robot-assisted surgery. Med Devices (Auckl). 2016; 9: 377-382.
Evans A, Armstrong S, Whelehan P, Thomson K, Rauchhaus P,
Purdie C, et al. Can shear-wave elastography predict response
to neoadjuvant chemotherapy in women with invasive breast
cancer? Br J Cancer. 2013; 109 (11): 2798-802.

Fenner J, Stacer AC, Winterroth F, Johnson TD, Luker KE, Luker GD.
Macroscopic stiffness of breast tumors predicts metastasis. Sci
Rep. 2014; 4: 5512.




ORIGINAL RESEARCH | PHARMACOLOGY

SYNTHESIS OF AU (lll) POLYACRYLATES AND STUDY OF THEIR
TUMORICIDAL ACTIVITY

Shibaeva AV', Pozdniakova NV?, Spiridonov V2, Smirnova MS*, Korman DB', Ostrovskaya LA!, Abzaeva KAS, Belyakova AV'S,
Biryukova YuK'®, Zylkova MV', Ivanov KP?, Shevelev AB*® Kuzmin VA'

" Emanuel Institute of Biochemical Physics, Moscow

2 Blokhin Russian Cancer Research Centre, Moscow

% Lomonosov Moscow State University, Moscow

“Vavilov Institute of General Genetics, Russian Academy of Sciences, Moscow

5 Favorsky Irkutsk Institute of Chemistry, Irkutsk

8 Chumakov Federal Scientific Center for Research and Development of Immune-and- Biological Products, Russian Academy of Sciences, Moscow
” National Medical Research Center of Cardiology, Moscow

Aurumacryl is an incomplete metal salt of poly(acrylic acid) that exhibits hemostatic activity and inhibits the growth of
transplantable carcinomas in vivo. The samples of aurumacryl synthesized following the original technique are insufficiently
soluble, which complicates the study of the mechanisms involved in their synthesis and underlying their cytotoxic effect.
The aim of this work was to study the impact of the following factors on aurumacryl properties: the molecular weight of the
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T VIHCTUTYT BroxmumMmyeckor manki umern H. M. OmaHyans PAH, Mocksa

2 HaumoHanbHbI MeAMUMHCKIMIA MCCReaoBaTeNbCKi LIEHTP OHKonori nmvenn H. H. BnoxuHa, Mocksa
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5 depepanbHbIi HayYHbIA LIEHTP UCCRefoBaHui 1 padpaboTky MMMYHOMOMMYECKUX npenapaTtos uMeHn M. T, Yymakosa PAH, Mocksa

7 HaumoHanbHbIN MEAVLMHCKWIA CCNeaoBaTeNbCKU LEHTP Kapauonorun, Mockea

AypyMaKkpui NMposiIBASET reMOCTATUHECKYIO aKTMBHOCTb 1 00afaeT OHKOMMTUHECKUM U OHKOCTAaTUHECKMM OEVCTBMEM B
OTHOLLIEHWI MEPEBMBAEMBIX KapLMHOM in vivo. O6pa3subl aypyMakpuia, nosyyYeHHbIe Mo N3BECTHOW METOAMKE, HEOOCTATOYHO
CTaHOaPTU3MPOBaHbI MO PACTBOPVIMOCTU, HYTO HE MO3BONSET U3YHNTb MEXAHV3MbI PEAKLIM U LIUTOCTaTUHECKOro AENCTBUS.
Llenbto paboTbl 6610 NCCnenoBaTh BAVSHME Ha CBOVICTBA aypyMakpuia CnedytoLLmnx napaMmeTpoB NPOBEAEHVA PeakLMn ero
CVHTE3a: MOMEKYNSpHasA Macca NonmakpuiaTHoro novmepa (B avanadoHe 2—1000 k[a), Hanv4me B kKadecTBe MpoTyBovoHa H*
v Na*, CoOOTHOLEHME MoHa TeTpax/iopaypara 1 3BeHa noanakpunatHoro noammepa (1 : 5 unm 1 : 10), obuias KoHUeHTpaums
NoNMakpUNaTHOro nonMMepa B MOMeHT cuHTeda (0,1 nnn 3%), a Takke BAnsHME NMOMUIBHOIO BbICYLLMBaHUS aypyMakpuia.
ConocTtaBneHne LUTOTOKCUHYECKON aKTUBHOCTU MOMyYeHHbIX 00pasLoB aypymakpuia CO 3HaYMTENbHO pa3nM{aroLLMCH
COOTHOLLIEHVIEM VMIOHOB 30/10Ta M MOMMaKpUIaTHOro NonMMepa B OTHOLLIEHWN KINETOK KapLMHOMbI MOSTOYHOW »Kernesbl YenoBeka
MCF-7 no3Bomno yCTaHOBUTb, YTO YAENbHOE COAEPKaHe B Mpenapare noavakpuiaTHoro noMMmepa 1 ero MosekynsapHas
Macca MpakTUHECKN He CKa3bIBAOTCA Ha OMOMOrMYECcKMX CBOMCTBAX KOHEYHOro npopykta. Metogom Y®-cnektpockonun
nokasaHo BAMsAHME KOHUeHTpaummn noHoB Au (IIl) B aypymakpune Ha nx LMTOTOKCUHECKYO aKTUBHOCTb.

Knto4yeBble cnosa: aypymMakpus, NoMakpmniar, 300TOXI0PUCTOBOAOPOAHASA KNCOTa, TeTpaxiopaypar, NpOTOBOOMYXONeBoe
CPeacTBo, LMTOTOKCUYEeCKasa akTnBHOCTb, MCF-7

®duHaHcupoBaHue: 1ccnegoBaHne nogaepkaHo MUHUCTEPCTBOM 06pasoBaHna 1 Hayku Poccuinckoin ®epepaummn (CornalleHns o npeactasneHnn cyocuoum
Ne 14.607.21.0199 o1 26.09.2017, yHuKanbHbii naeHTudmnkatop RFMEFIB0717X0199). CnekTpocKonuyeckre namepermnst nposeaeHsl Ha 6ase LIKIT «Hosbie
mMartepuassl 1 TexHonorum» BXd PAH.

><] Bnsa koppecnonpeHumn: Anekcen Bopucosny LLlesenes
yn. Ny6kunHa, a. 3, . Mockea, 119991; shevel_a@hotmail.com

CraTbsl nonyyeHa: 28.09.2018 CtaTbsi NpuHATa K nevatu: 26.10.2018
DOI: 10.24075/vrgmu.2018.071

m BULLETIN OF RSMU | 5, 2018 | VESTNIKRGMU.RU



Aurumacryl first described in [1] is an incomplete metal salt of
poly(acrylic acid) (PAA) containing gold (Ill) ions. Based on the
amount of the initial reactants consumed during aurumacryl
synthesis, it was concluded that the final metal wt% in the
substance would be 8.03% whereas the molecular weight
of the polymer would fall within the range between 100 and
300 kDA. The chemical formula of aurumacryl is

(-CH,~CHCOOH-~) (-CH,CHCOOAUCI H-) ,
where n = 1,263 and m = 124.

In the original study, aurumacryl was synthesized by
combining aqueous PAA solutions and chloroauric acid
tetrahydrate (HAUCI,) at room temperature [1]. Briefly, HAuCI,
was taken in the amount sufficient to produce 8.3% wt of gold
in the resulting gold polyacrylate and added to a 5.7% PAA
solution (the molar mass of the solute M, was 100, 000). The
reaction mixture was stirred, and the solution was then left in
a vacuum desiccator. The resulting substance was a dense
yellow film. Its physical and chemical properties can be inferred
from the absorption bands of its IR spectra characteristic of
carboxyl and carboxylate groups at 1,720 and 1,570 cm
wavelengths, respectively. However, the actual content of
aurumacryl components in the resulting compound, including
polyacrylic acid, gold ions (lll), gold ions (I), elemental gold,
and other anions and cations, cannot be deduced from the
presented data.

The aim of this work was to improve the technique for
aurumacryl synthesis in order to obtain a chemically stable
standard preparation sufficiently soluble in water and to
elaborate a method for testing aurumacryl quality thereby
predicting its biological activity. The substance was synthesized
using commercially available PAA and sodium polyacrylate
(PANa) with known molecular weights. The molar ratio between
AuCI, anions and PAA in the reaction mixture was 1:5and 1: 10.

Unlike our colleagues, we thoroughly desalted the PAA
polymer by continuous-flow dialysis, which took a few days, and
dried the solutions of the obtained polymer-gold complexes in
a freeze dryer instead of leaving them to air-dry. The lyophilized
aurumacryl samples were cryopreserved in liquid nitrogen and
vacuumized.

To evaluate our improved method of synthesis, we tested
aurumacryl for solubility and cytotoxicity against MCF-
7 cells, measured the amount of gold salts in the produced
samples by UV-spectroscopy, and estimated the content of
gold nanoparticles in aurumacryl using transmission electron
microscopy.

METHODS
Reagents

Commercially available PAA and PANa (Sigma Aldrich; USA)
with different polymerization degrees (i.e., the average number
of monomers per molecule) of 23; 80; 160; 1,389; 1,944;
3,472; and 13,889 were used as starting materials. The average
degree of polymerization and polymer dispersion properties
were specified by the manufacturer. Another component used
for aurumacryl synthesis was dry chloroauric acid (Aurat;
Moscow) with 48% gold content.

Preparing polyacrylic polymers for synthesis

For synthesis we chose PAA with an average molecular weight
of 1,633 Da, 11,360 Da, 100,000 Da, 140,000 Da, 250,000
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Da, and 1,000,000 Da (the molecular weight was specified
by the manufacturer) and sodium polyacrylate (SigmaAldrich;
USA) with an average molecular weight of 2,100 Da, 15,000
Da, 132,350 Da, 185,370 Da, 330,980 Da, and 1,324,000 Da.

Prior to synthesis, all PAA samples were additionally purified
by flow dialysis continued for several days and thoroughly dried
by freezing.

Then, weighted amounts of the polymers (50 mg) were
dissolved at room temperature in 50 and 1.67 ml of water to
obtain 0.1% and 3% wt polymer solutions, respectively. During
the 12-h process the polymers were continuously stirred on the
magnetic stirrer.

Aurumacryl synthesis

Chloroauric acid was added to the solutions of pre-deionized
polymers as described below:

— 50 pL of the aqueous solutions containing 23.8 and
47.6 mg of chloroauric acid were added dropwise to 0.1% wt
PAA solutions;

— 30 pL of the aqueous solutions containing 23.8 and
47.6 mg of chloroauric acid were added dropwise to 0.3% wt
PAA solutions;

— 50 pL of the aqueous solution containing 18.4 and
36.7 mg of chloroauric acid were added dropwise to 0.1% wt
PANa solutions;

— 30 pL of the aqueous solution containing 23.8 and
47.6 mg of chloroauric acid were added dropwise to 0.3% wt
PAA solutions.

Synthesis was carried out at room temperature and took
24 h. The reaction mixture was continuously stirred on the
magnetic stirrer at 60 rpm.

Low molecular weight components were separated from
the obtained solutions by continuous-flow dialysis using
MWCO 15,000 dialysis tubing. The solutions of gold-polymer
complexes (1.7-20 ml) were poured into the tubing and dialyzed
against water for 3 h at room temperature.

After that, the solutions were frozen at =70 °C and
lyophilized, except for a few samples that were not freeze-dried
but stored at +4 °C under aseptic conditions instead.

Determining solubility of aurumacryl samples

Solubility was determined for each of the obtained dry
aurumacryl samples. Briefly, 100 pL water aliquots were added
one by one to 1 mg of the sample at room temperature and
its behavior was monitored for 30 min. If the sample did not
dissolve, another water aliquot was added to it. The procedure
was repeated until complete dissolution was achieved.

Measuring the conversion of gold ions in concentrated
aurumacryl solutions

The conversion of gold ions was measured in 100 mM HCI at
A = 226.5 nm. For the measurements, we took a 10 pL aliquot
of a concentrated solution obtained in the previous solubility
assessment step and 10 pL of a solution that was not dried
immediately after the synthesis. The aliquot was introduced
into 3 ml of a 100 mM HCI solution and then its absorbance
A .. at 226.5 nm was measured. The conversion of gold salts

wzzigsdetermined for each sample based on the calculated A, .
(=[HAUCI,], uM) relative to the total solids concentration (the
residual moisture in the dry sample was ignored). For further
toxicity experiments in MCF-7 cells, concentrations of all

samples were normalized based on absorbance at A = 226.5.
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Studying the cytotoxic activity of aurumacryl samples in
the MCF-7 cell line with an MTT assay

Five thousand cells were seeded onto the Costar 96-well plate
containing 180 pL of the DMEM medium (Paneco; Russia) per
well supplemented with 10% fetal bovine serum. The cells
were cultured at 37 °C and 5% CO, for 24 h. Then 20 pL
of the aqueous aurumacryl solution with the normalized
concentration (absorbance at 226.5 nm) were added into each
well and continued incubation at 37 °C and 5% CO, for 24 h.
After that, 10 pL of the MTT reagent 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (item 57360-69-7; Sigma
Aldrich; USA) were added at a final concentration of 0.5 mg/ml
to the culture, and the cells were incubated for 3 h. Absorbance
from the wells A, at 570 nm was measured by the Multiskan
Go spectrophotometer (Thermo Fisher Scientific; USA).

Measuring the proportion of gold nanoparticles in
aurumacryl samples by transmission electron microscopy

A 3 pL aliquot of the aqueous aurumacryl solution containing
1-5 g of the gold-polymer complex was applied onto the Fine
200 Copper Grid Mesh (SPI Supplies; USA) with a diameter of
3.5 mm, air-dried for 5 min and vacuumized. The analysis was
carried out using the JEM-100B microscope (JEOL; Japan)
at the accelerating voltage of 120 kV. The microscope was
equipped with an accessory for X-ray phase-contrast imaging.

The images of the particles detected within the field of
view were analyzed in ImageJ (a free software by the National
Institutes of Health; USA): the square area of each dark spot was
calculated allowing for the zoom factor. At least 10 randomly
chosen fields of view were analyzed for each sample. Once the
linear sizes of the particles and their number was identified, we
calculated the proportion of the particles falling within each of
5 diameter ranges of 1-10, 11-20, 20-50, 50-100, and >100
nm in Windows Excel.

RESULTS

We synthesized 23 aurumacryl samples from PAA and sodium
polyacrylate with various molecular weights at 2 different molar
ratios between AuCl, and PAA of 1:5 and 1:10; the initial
polymer concentration in the reaction mixture was 3% or 0.1%.

A total of 10 freeze-dried samples were re-dissolved in
water showing good solubility.

Chloroauric acid is known to undergo gradual hydrolysis in
aqueous solutions with neutral and alkaline pH; the reaction
produces hydrochloric acid, which increases the acidity of
the medium [2]. At pH < 1 this reaction is impossible. In our
experiment, the aqueous solution of chloroauric acid in 100 mM
HCI had an absorbance peak at A = 226.5 nm, the extinction
coefficient ¢ being 3.5 x 10* lemol-'ecm™". These values are
consistent with the published literature [2]. For the polyacrylates
synthesized in the course of our experiment the extinction
coefficient was below 10° lemol-'«cm'. Gold nanoparticles had
zero absorbance at A = 226.5 nm, except for the light scatter
effects. Therefore, we measured the proportion of gold ions in
the synthesized substance at A = 226.5 nm in 100 mM HCI
(see Methods).

To test a hypothesis that the cytotoxic activity of aurumacryl
is determined by the proportion of Au (lll) in the substance, the
solutions of the synthesized aurumacryl samples and the control
sample prepared following the original technique (sample 1)
were normalized to the Au (lll) concentration calculated from
absorbance at A = 226.5 nm. The solutions were tested for

cytotoxicity at concentrations of 9.1 mU/ml (the IC,, of the
control sample) and 91.0 mU/ml, which is 10 times higher than
the IC,, of the control sample. The results were averaged based
on 3 independent measurements and are presented in Table 1.

Although concentrations of Au ions expressed as pmol/mg
differed between the solutions, all normalized aurumacryl
samples exhibited the same cytotoxic potency as the control
aurumacryl sample prepared following the original technique.
The biological activity of the normalized aurumacryl samples
was identical both at concentrations equaling IC, of the control
sample and at those 10 times higher than IC,. This proves that
in vitro cytotoxicity of aurumacryl is determined by Au ions.
The polymer component of the compound seems to work
as a shield protecting Au ions from the interaction with other
organic molecules that can reduce them to inactive gold
nanoparticles.

We hypothesized that lower conversion of gold ions in the
process of aurumacryl synthesis is due to their spontaneous
reduction to elemental gold that aggregates into nanoparticles.
To test this hypothesis, we studied a few synthesized
aurumacryl samples by transmission electron microscopy
(TEM) (Table 2).

The bigger was the molecular weight of the polymer used
for aurumacryl synthesis, the higher was the proportion of gold
nanoparticles sized > 10 nm, which in essence are aggregates
of smaller particles under 10 nm in size. Regardless of PAA
molecular weight, the proportion of aggregated nanoparticles,
as compared to the proportion of unaggregated, increased
dramatically when the molar ratio of Au (lll) to PAA was reduced
from 1:51to 1:10. When PANa was used instead of PAA as
the starting component for aurumacryl synthesis, the average
size of gold nanoparticles increased and more pronounced
aggregation of gold nanoparticles was observed. For example,
in the samples synthesized from PANa with polymerization
degrees of 3,472 and 13,889 at the 1 : 10 molar ratio between
gold ions and PANa, the proportion of gold nanoparticles sized
~100 nm was 75%. In other samples synthesized from PANa,
such nanoparticles were not detected. The control aurumacryl
sample synthesized following the original technique contained
a remarkably high proportion of gold nanoparticles with an
average diameter of 20-50 nm, which exceeded the proportion
of such nanoparticles in other tested samples several-fold.

To validate our hypothesis about the cytotoxicity of
aurumacryl samples being dependent on the proportion of
Au ions and independent of the proportion of polyacrylate,
elemental gold and other components, the most active samples
3,10 and 17 (Table 1) were scrutinized for their cytotoxic activity
against MCF-7 cells. The aurumacryl solutions were normalized
to ion gold concentrations based on absorbance at A = 226.5
nm in 100 mM HCI. Aurumacryl synthesized following the
original technique was used as a control sample. The results of
the test are shown in Fig. 1.

The correlation between the cytotoxic activity of the sample
and the Au (lll) concentration was the same for samples 3 and
10, as well as for the control sample, although the samples
were different in their composition and the applied method of
synthesis. Sample 3 was synthesized from PAA with an average
molecular weight of 1.6 kDa (low polymerization degree) and
was freeze-dried immediately after synthesis. Sample 10 was
synthesized from PAA with a molecular weight of 250 kDa
and was stored as a solution. The molar ratio of gold ions
to PAA in the reaction was 1 : 32 for the control sample
and 1 : 10 for samples 3 and 10. Thus, the tested samples
had different solubility and a different molar ratio of Au (Ill) to
PAA. Table 2 suggests that the samples may have contained
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different proportions of gold nanoparticles. However, after
the concentrations of the tested samples were normalized
to Au (lll), they exhibited identical cytotoxicity against the
MCEF-7 cells.

The correlation between the cytotoxic activity of sample 17
synthesized from PANa with an average molecular weight of
5.75 kDa and spared from freeze-drying and the concentration
of gold ions in it implies that sample 17 has some properties
missing by other samples. At low concentrations in the solution
(0-10 mU/ml) its cytotoxicity is higher than that of the samples
synthesized from PAA whereas at higher concentrations of 25
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and 90 mU/ml its cytotoxic potency is worse. It means that the
interactions between chloroauric acid and PAA and between
chloroauric acid and PANa produce substances in which the
biological activity of Au ions is slightly different.

Aurumacryl synthesized from PANa (as opposed to PAA)
can hardly be used in clinical practice because of its insufficient
chemical stability during storage. Regardless of the molecular
weight of the polymer, both solutions and lyophilisates have
a tendency to the spontaneous reduction of Au ions that
subsequently form gold nanoparticles, which causes a dramatic
decline in their cytotoxicity.

Table 1. Synthesis conditions, physical, chemical and biological properties of aurumacryl samples

Concentration Molar ratio Max Proportion of surviving
. between Au concentration A, .. of the . MCF-7 cells at aurumacryl
of the initial Mr of . 2265 Concentration .
Samole olymer the initial (Il anions and of aurumacryl concentrated of Au ions concentration A, .
P poly! Counterion PAA or PANa solution based aurumacryl ! expressed as ml (MTT assay)
ID during polymer, . ) ) ) mmol/mg of
. in the reaction on total solids solution, .
synthesis, kDa : . solids
Yowt mixture, concentration, U/ml 9.1 muU 91.0 muU
mol:mol mg/ml

1 5.7 100-300 H 1:32 2.7 0.91 125 5 49
2 3.0 1.6 H 1:10 29.4 2.40 32.8 5 51
3 3.0 1.6 H 1:10 28.3 3.00 41.0 5 47
4 3.0 11.5 H 1:10 29.4 1.00 15.5 5 21
5 3.0 100 H 1:10 29.4 1.583 21.0 4 45
6 3.0 100 H 1:10 33.3 3.00 41.0 5 46
7 3.0 140 H 1:5 29.4 4.80 65.5 5 42
8 3.0 140 H 1:10 29.4 2.00 23.6 4 51
¢ 3.0 140 H 1:10 47.0 4.30 58.7 5 44
10 3.0 250 H 1:10 29.4 2.00 24.2 4 60
11 3.0 250 H 1:10 16.7 0.96 13.2 5 54
12 0.1 250 H 1:10 4.2 0.77 10.5 6 43
13 3.0 1000 H 1:10 29.4 0.56 7.7 5 44
14 0.1 1000 H 1:10 5.0 0.69 9.4 6 49
15 3.0 1.6 Na 1:10 29.4 1.27 17.4 5 45
16 0.1 1.6 Na 1:10 27.3 0.39 5.4 6 41
17 3.0 5.75 Na 1:10 29.4 1.00 14.8 6 39
18 3.0 100 Na 1:10 29.4 1.00 18.4 4 39
19 0.1 100 Na 1:5 12.6 2.58 35.3 6 46
20 3.0 140 Na 1:10 29.4 1.33 18.2 11 42
21 3.0 250 Na 1:10 29.4 1.30 17.8 6 44
22 0.1 250 Na 1:10 13.3 0.37 512 7 41
23 3.0 1000 Na 1:10 29.4 0.37 5.2 11 49
24 0.1 1000 Na 1:10 10.0 0.54 7.5 9 38

Note: Freeze-dried samples dissolved in water are shown in grey; other samples were not lyophilized but stored as solutions instead.

Table 2. Distribution of gold nanoparticle sizes in aurumacryl samples synthesized from PAA and PANa

M, of the polymer, | . | Molar ratio of Au ) ions to PAA or PANa in Proportion of nanoparticles of a given diameter, %

kDA the reaction mixture, mokmol 1-10nm | 11-20nm | 20-50 nm | 50-100nm | >100 nm
1.6 H 1:5 76.0 14.0 10.0 0.0 0.0
1.6 H 1:10 575 25.0 15.0 25 0.0
115 H 1:10 84.0 12.0 4.0 0.0 0.0
250 H 1:10 42.9 48.6 8.6 2.9 0.0
1000 H 1:10 36.0 50.0 2.0 0.0 12.0
11.5 Na 1:5 82.0 8.0 6.0 4.0 0.0
140 Na 1:5 78.0 16.0 6.0 0.0 0.0
140 Na 1:10 0.0 25 0.0 225 75.0

100-300 H 1:0.0018 46.7 233 30.0 0.0 0.0
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DISCUSSION

The tumoricidal effect of aurumacryl was investigated both in
vivo and in vitro in the study [3]. The authors report that a single
intraperitoneal injection of aurumacryl at a dose of 20 mg per
1 kg mouse weight causes 80-90% growth inhibition of solid
tumors in mice, including Lewis lung carcinoma, large intestine
adenocarcinoma ACATOL and Ca-755 adenocarcinoma, in
comparison with the controls. In the experiments in vitro the
aurumacryl concentration of 1 mg/ml kills ~70% of the MCF-7
cells (human breast carcinoma) by triggering both necrosis
and apoptosis [3]. The mechanism of the selective tumoricidal
effect of aurumacryl in vivo is yet to be elucidated; it is known,
though, that gold ions do not selectively accumulate in the
tumor following the intraperitoneal injection of aurumacryl but
are evenly distributed in the body of the mouse and eliminated
through excretion [3].

Over the past 3 years there have been reports that acrylic
acid polymers can effectively deliver different cytotoxic and
antiproliferative agents to cancer cells in vitro and in vivo (see
below), meaning that polyacrylic particles of different molecular
weight can selectively transport such agents to cancer cells
and enhance their activity inside the cancer cell. Importantly,
polyacrylates can selectively accumulate in dendritic cells and
macrophages. This can improve the presentation of antigens
carried by a polyacrylate agent to lymphoid cells as shown in
the successful test of a polyacrylate conjugated to the peptide
antigen mimetic of the HPV-16 oncoprotein 7 [4]. Polyacrylate
particles immobilized inside the virus-like particles composed
of the hepatitis B HBs-antigen enhanced the cytotoxic effect
of doxorubicin [5]. There is evidence that peroxovanadate
delivered to A495 lung carcinoma cells can effectively inhibit
their growth [6]. Another study demonstrates a possibility of
using theranostic polyacrylate-calcium phosphate complexes
as carriers of gold nanoclusters in the therapy and diagnostic
imaging of solid tumors [7].

Polyacrylic clusters can be used to deliver titanium oxide
nanoparticles, ferromagnetic contrast agents, and salts and
oxides of other metals to the tumor to increase its sensitivity to
radiotherapy, achieve a cytotoxic effect or facilitate bioimaging
based on the principles of fluorescence or magnetic resonance

%
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[8-11]. Polyacrylate can be employed to deliver methylene
blue used as a photosensitizer for contrast-enhanced
radiotherapy to human breast carcinoma cells (MCF-7) [12].
All data mentioned here indirectly suggest that polyacrylates
are capable of selectively targeting cancer cells in vivo. The
underlying mechanism is unclear but the existing evidence
leads us to hypothesize that PAA itself cannot exhibit cytotoxic
activity against cancer cells. It is probably Auions (lll) carried by
PAA that make the complex toxic for cancer cells.

This supposition can be confirmed by the findings of the
study [13] of Au (lll) compounds dichloro(ethylenediamine)
aurum and dichloro(S-methyl-L-cysteine)aurum that exhibit
pronounced cytotoxicity against human lymphoid leukemia
cells. The authors of the study prove that just like cisplatin Au (Ill)
ions can form DNA adducts in living cells causing their death.

The insufficient solubility of aurumacryl synthesized as
described in [1] complicates the testing of its safety and
therapeutic activity against cancer cells in biological models,
as well as its use in clinical practice. The effective aurumacryl
dose in the mouse model is 20 mg per 1 kg body weight. The
required concentration of aurumacryl in the solution would
be 1 mg/ml [3]. Given that a mouse weighs about 20 g, the
volume of the injected solution would be 200 pL per mouse,
approaching the acceptable threshold: further increase in the
injection volume would threaten the survival of mice regardless
of the composition of the injected drug. Besides, dry samples
stored at +4 °C for 6 months show a sharp decline in their
solubility.

By varying the parameters of the initial polymer and the
molar ratio of PAA or PANa to chloroauric acid, we were able
to study the impact of these factors on the reaction yield. We
revealed that PAA concentrations in the produced aurumacryl
and its molecular weight had almost no effect on the biological
properties of the obtained substance. In contrast, the
concentration of Au (lll) ions measured from the absorbance of
aurumacryl solutions (A = 226.5 nm) turned to be an accurate
predictor of their in vitro cytotoxic activity in the cell culture.

However, the molar ratio of the polymer to AuCl-, anions,
the molecular weight of the polymer and the absolute
concentration of the polymer solution have a profound impact
on the gold ion concentration in the synthesized sample and

20

0 20 40

o Favorsky Irkutsk Institute of Chemistry, Siberian branch of RAS =~ === 3 -

60 80 100

=10 =—o— 17

Fig. 1. The graph shows a correlation between the Au (lll) concentration in the tested aurumacryl samples and their cytotoxicity against human breast carcinoma cells

(MCF-7). Concentrations at A

226.5

expressed as mU are plotted on the X axis. The proportion of the surviving cells measured by the MTT assay is plotted on the Y axis. The

curves were constructed for samples 3, 10 and 17 synthesized in the course of this work and for the control sample synthesized at Irkutsk Institute of Chemistry (see Table 1).
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the solubility of the latter. In our experiment, the solubility of
the sample was the highest when aurumacryl was synthesized
from the polymers with polymerization degrees of 1,389 and
1,944. The use of the polymers with higher molecular weight
resulted in a slightly worse solubility of the aurumacryl sample
if the initial polymer had the polymerization degree of 3,472,
and caused a dramatic drop in the solubility of the sample
if the degree of polymerization was 13,889. The use of the
low molecular weight polymers with polymerization degrees
of 23, 80 and 160 enhanced the solubility of the synthesized
substance in some cases, but because the produced
substance tended to increasingly form nanoparticles, the
reproducibility of the synthesis technique remained poor. The
polymer with a polymerization degree of 1,389 was slightly
less beneficial for the solubility of the sample than the polymer
with a polymerization degree of 1,944.

The 1 : 5 molar ratio of chloroauric acid to the polymer with
an average molecular weight of 140 kDa ensured a slightly
better reaction yield than the 1 : 10 ratio. The concentrated
solution of the polyacrylate polymer (3%) significantly increased
the gold ion conversion in comparison with the diluted
solution (0.1%). The presence of Na+ as a counterion for the
carboxyl group of the polyacrylate polymer reduced the gold
ion conversion by 10%. Besides, the presence of Na* in the
sample negatively affected the chemical stability of the samples
during storage. The samples synthesized from PANa showed
the signs of steady spontaneous reduction of Au (lll) ions to
metal nanoparticles regardless of the PANa molecular weight
when stored at +4 °C for 5-30 days. Thus, pre-deionization of
the polymer aimed at eliminating the cations of alkali metals is
required to ensure the suitability of the polyacrylate polymer for
aurumacryl synthesis.

Importantly, we revealed that the interaction between AuCI-,
anions and the polyacrylate polymer can cause reduction of
gold atoms to elemental gold aggregating into nanoparticles.
This reaction results in the low gold conversion. We were
able to come to this conclusion using transmission electron
spectroscopy, which facilitates observation of electron-opaque
particles securely attached to the polymer. The presence of
gold nanoparticles of 1-100 nm in diameter in aurumacryl
samples does not affect the cytotoxic activity of aurumacryl
against MCF-7 cells at the studied range of concentrations: it
only indirectly suggests that the proportion of bioactive gold
ions decreases in such samples.

Based on the correlation between the concentration of
gold ions measured from the absorbance at 226.5 nm and
the cytotoxic activity of the obtained aurumacryl samples, we
developed a method for assessing the quality of the synthesized
aurumacryl. We applied this method to demonstrate that
regardless of the synthesis technique and the molar ratio
of Au ions to the polyacrylate polymer, the cytotoxicity of
aurumacryl against the MCF-7cell line was proportional to its
A, It means that aurumacryl quality assessment should
include measurements of the absorbance of the saturated
solution in the UV spectra at A = 226.5 nm. To avoid the impact
of hydrolysis on the measurements, the analysis should be
performed in the acidic media (such as 100 mM of HCI). Using
this principle, we were able to assess the reaction yield and
optimize the conditions of the reaction.
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The fact that the concentration of gold ions in the sample is a
predictor of aurumacryl toxicity against MCF-7 cells regardless
of the concentration of the polyacrylate polymer in it, leads us to
conclude that the polyacrylate polymer does not have a critical
role in transporting gold ions into cancer cells or at least does
not limit the efficacy of gold permeating the cell membranes in
vitro. Still, it is possible that in in vivo experiments the role of
the polyacrylate polymer in delivering the gold particles to the
tumor is quite important. In order to investigate the properties of
polyacrylate polymer carriers in biological systems, aurumacryl
cytotoxicity needs to be studied first against other cell lines
and primary cell cultures in vitro. Their nonspecific toxicity and
tumoricidal effects should also be compared in vivo.

Unlike our colleagues who resorted to air-drying and used
a vacuum exicator, we freeze-dried the obtained aurumacryl
samples immediately after synthesis. This type of drying
significantly improves the solubility of aurumacryl under
physiological conditions up to 30 mg/ml of solids and ensures
chemical stability necessary for long-term storage.

By optimizing the synthesis technique, we were able to
obtain an aurumacryl solution with A .. = 4.8 (equivalent to
the optical path length of 1 cm), which is 5.3 times higher
than the best result demonstrated by the aurumacryl samples
synthesized according to the original technique (A, = 0.9).
The cytotoxicity of our samples increases proportional to A, ..
The use of concentrated solutions will facilitate the testing of
aurumacry! biological activity in vivo and in vitro and promote
the application of the compound as an tumoricidal agent in the
future.

We believe that aurumacryl applications in medicine should
not be limited to adjuvant chemotherapy of carcinomas. TEM
findings suggest that aurumacryl is capable of forming gold
nanoparticles when interacting with reductants. Considering
the big atomic radius of gold, such particles can serve as
radiosensitizers to enhance the effect of ionizing radiation on
tumor cells [14]. This approach is underpinned by the affinity
of aurumacryl to cancer cells discovered in this work and in
[3], leading us to expect that gold nanoparticles will tend to
selectively accumulate in malignant cells instead of healthy tissue.

CONCLUSIONS

By comparing the cytotoxicity of aurumacryl samples with
significantly different molar ratio of gold ions to the polyacrylate
polymers, we established that the proportion of the polymer and
its molecular weight in the sample do not affect the biological
properties of the synthesized substance. On the contrary, the
concentration of Au (lll) ions measured from the absorbance of
aurumacryl solutions at A = 226.5 nm is an accurate predictor
of aurumacryl cytotoxicity against the MCF-7 cells in vitro.
To synthesize the sample with the highest Au (lll) conversion
and the best solubility in water, free PAA should be thoroughly
deionized prior to the synthesis. The recommended molecular
weight of PAA is 140 kDa; its recommended concentration
is 3%. The molar ratio of chloroauric acid to PAA should be
1: 5. Itis important to freeze-dry the solution immediately after
synthesis.

We hope that our findings will be useful for planning a
preclinical trial of aurumacryl.
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EVALUATION OF THE RIVAROXABAN-INFLUENCED EFFECT OF ABCB1 AND
CYP3A5 GENE POLYMORPHISMS ON PROTHROMBIN TIME IN PATIENTS
AFTER TOTAL HIP OR KNEE REPLACEMENT SURGERY

Sychev DA, Minnigulov RM? & Ryzhikova KA', Yudina IYu?, Lychagin AV?, Morozova TE?

" Russian Medical Academy of Continuous Professional Education, Moscow
2 Sechenov First Moscow State Medical University (Sechenov University), Moscow

Rivaroxaban is a safer and more effective alternative to warfarin. However, there are reports of some cases of major hemorrhagic
complications associated with rivaroxaban that significantly impair the patients' quality of life and can lead to a fatality. Personalized
therapy, including pharmacogenetic testing, may help prevent such adverse events. This study aimed to investigate how ABCB1
3435C>T (rs1045642) and CYP3AS5 6986A>G (rs776746) gene polymorphisms, when carried by a patient taking rivaroxaban to
prevent thrombosis after total hip or knee replacement surgery, affect prothrombin time (PT). Sixty-five patients participated in the
study. Their genotypes were identified by PCR in real time. To learn PT peculiar to each patient, we collected venous blood on
the 5" day of their anticoagulation therapy, 1 hour before they took rivaroxaban and 3 hours after. Having calculated %APT, we
divided the patients into 2 groups: 1) %APT < 0 (n = 7; 10.8%); 2) %APT > 0 (n = 58; 89.2%). Regarding the distribution of
rs1045642 polymorphism, we determined the difference between the groups to be statistically significant (x> = 6.64; p = 0.027). As
for rs776746 polymorphism, the difference was insignificant (x> = 0.101; p = 1.0). We discovered that rs1045642 polymorphism has
a significant effect on PT variance in patients taking rivaroxaban to prevent thrombosis after total hip or knee replacement surgery.

Keywords: rivaroxaban, pharmacogenetics, prothrombin time, hip replacement surgery, knee replacement surgery,
thromboprophylaxis
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OLEHKA BINAHUA NOJIMMOP®UN3MOB 'EHOB ABCB1W CYP3A5 HA
CTENEHb N3BMEHEHUNA MPOTPOMBUHOBOIO BPEMEHU NOA4 BIINMAHUEM
PUBAPOKCABAHA'Y NMALUMEHTOB MNOCJIE SHAOMNMPOTE3NPOBAHUSA
KPYTMHbIX CYCTABOB HM>XXHUX KOHEYHOCTEN

. A. Cbives', P. M. MuHHurynos? = K. A. Peixnkosa', /. KO. KOguHa?, A. B. Jlbiqarvn?, T. E. Mopo3sosa?

" Poccuiickast MegULIMHCKas akageMmst HempepbIBHOMO NpodeccroHansHoro obpasosaHisi, Mocksa
2[epBblii MOCKOBCKMIA rocyAapCTBEHHbIV MeAULIMHCKIIA yHBepcuTeT nmenn . M. CedeHoBa (CeveHoBCKMI yHBEpcuTeT), Mocksa

HecmoTpst Ha BbICOKYO a(HEKTUBHOCTL 1 BE30MAaCHOCTb NMPUMEHEHNST prBapoKcabaHa Mo CpaBHEHWIO C BapapuHOM,
B KJIMHWYECKOW MpaKTVKe HabModalTCs PefKkMe Crydam KpyrHbIX reMopparvyecknx OCNOXKHEHWIA, KOTOpble MOryT
3HaYNTENbHO YXyALATh Ka4eCTBO XXM3HW MauMeHTOB WM GbiTb netanbHbiMU. OCTaeTCa OTKPbIThIM BOMPOC, HACKOJSbKO
(hapmakoreHeTNHEeCKEe TECTbI MO3BONAT NPOMUNIAKTMPOBATL Pa3BUTUE Taknx HEGNAronPUATHBLIX CobbITUN. Llensio paboTbl
ObINO OLEHUTb BRUSIHWE HOcUTeNbCTBa Nonmmopdnamos ABCBT 3435C>T (rs1045642) n CYP3A5 6986A>G (rs776746)
Ha M3MeHeHVe NPOTPOMONHOBOrO BpemeHu (I11B) y naumeHToB, NpUHMMAaIOLLMX AN TPOMBONpPOohUnakTk prBapokcabaH
nocrne 3HO0MPOTE3NPOBAHNS KPYMHbIX CYCTaBOB HIDKHUX KOHEYHOCTel. B rccnenoBaHvie Obiin BKOYEHb! 65 naumeHToB.
[eHoTUNMpPOBaHWe NMpoBoaAVAN ¢ NomoLLkto [MLP B peansHoM BpemeHu. [nsa onpeneneHnst 1B BeHO3HYO KPOoBb OTOMpani Ha
5 cyTKM npremMa aHTuKoarynsHTa 2 pasa: 3a 1 4 4o nprema puBapokcabaHa 1 Yepes 3 4 nocne npvema. Berumncnne %AMNB,
naumeHToB AennmHa 2 rpynnbl: 1) %AMNB<0(n=7;10,8%); 2) %AlNB>0(n=58;89,2%). Mexay rpynnamm % AMNB oTHocUTeNnbHO
pacnpeneneHs reHoTunoB nonMopdurama rs1045642 6bina onpeaeneHa CTaTUcTUHecKn ocToBepHas pasHuua (x> = 6,64;
p =0,027). OTHOCUTENBHO pacnpeneneHns reHoTUNoB NoNMMopPMKn3ma rs776746 CTaTUCTUHECKM 3HAYUMOM Pa3HILbI MeX Iy
rpynnamu %AMNB obHapy»eHo He 6bino (x2 = 0,101; p = 1,0). BbisBNeHo CTaTUCTUYECKM 3HAYMMOE BVSHIE NonMMopdramMa
rs1045642 Ha xapakTep 1ameHeHns MNB y nauyeHToB, NPUHUMAKOLLMX C LIENbO TPOMOOMPOMUIaKTUKL prBapokcabaH nocne
3HAOMNPOTE3NPOBAHNS KPYMHBIX CYCTaBOB HUPKHNX KOHEYHOCTEN.

KntoyeBble crioBa: priBapokcabaH, hapMakoreHeTuka, NpoTPOMBUHOBOE BPEMsi, SHOOMPOTE3MPOBaHIE Tad0680pEHHOro
CycTaBa, 9HOO0MPOTE3NPOBAaHNE KOSIEHHOTO CyCTaBa, TPOMBOMPOMhUNaKT1Ka
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Deep vein thrombosis (DVT) and pulmonary embolism (PE)
are some of the most important problems encountered by
practitioners. PE risk group includes patients after hip or knee
replacement surgery. About 50-60% of THR (total hip replacement
surgery) and TKR (total knee replacement surgery) patients that
receive no thrombosis prevention therapy have DVT after surgery
[1]. Approximately 1 in every 500 THR patients can have a fatal
PE [2]. The number of THRs in Russia is increasing every year;
currently, about 25 persons in each 100,000 have THRs [3].

Direct oral anticoagulants (DOACs) have recently been
approved for the prevention of venous thromboembolism (VTE)
in patients after elective hip or knee arthroplasty. DOACs have
demonstrated acceptable efficacy and safety profiles. These drugs
require no laboratory control. This article focuses on rivaroxaban,
which is a direct factor Xa inhibitor. The anticoagulant got the
FDA approval in 2011 as a medication to prevent thrombosis in
patients after elective hip or knee arthroplasty [4].

About 18% of the rivaroxaban dose is metabolized by
CYP3A4/5, 14% — by CYP2J2.

Approximately 36% of the dose is excreted via kidney in
form of the unchanged drug, involving the active transporter-
mediated secretion by P-glycoprotein (P-gp) and BCRP (Breast
Cancer Resistance Protein) [5].

P-gp is a large membrane protein that transports drugs
from inside the cell. It is found on the surface of epithelial
cells lining small and large intestines, pancreatic duct, in the
liver's bile vessels membrane, proximal kidney tubules and
adrenal glands, as well as in endothelial cells of blood-tissue
interfaces (brain-blood, blood-follicle, blood-testis, and blood-
placental barriers) [6]. P-gp is encoded by the ABCB1 gene
located on chromosome 7 (7921.12) [7]. The most common
single nucleotide polymorphisms (SNPs) of the ABCB1 gene
are 1236T> C (rs1128503), 2677T> G / A (rs2032582) and
3435T> C (rs1045642) [8]. In this study, we focused on the
impact of the ABCB1 3435C>T polymorphism (rs1045642).

Jointly, CYP3A4 and CYP3A5 proteins account for about 30%
of hepatic cytochrome P450; about half of the drugs metabolized
by cytochrome P450 are CYP3A substrates. CYP3A4 and CYP3A5
are expressed in liver and intestines, with CYP3A5 expression
seen mostly in extrahepatic tissues. The CYP3AS gene is located
on chromosome 7 (7g22.1); it encodes the protein of 502 amino
acids. The most common SNP of the CYP3AS gene is 6986A>G
(rs776746). It should be noted here that CYP3A5 6986GG
genotype carriers do not fully express the CYP3A5 isoenzyme [9].

According to the RECORD 1-4 research program [10-13],
despite the good efficacy and safety profiles of rivaroxaban
when prescribed to prevent thrombosis after hip or knee
replacement surgery, 2.87% of patients exhibited nonmajor
clinically relevant bleeding, including hematomas in the area
of surgery that may be infected. Such complications require
removal of the endoprosthesis, which worsens the patient's
quality of life and translates into an additional financial burden
for the health care system. Currently, practitioners resort to the
personalized therapy, including pharmacogenetic testing, to
prevent such adverse events.

This study aimed to investigate how the ABCB7 3435C>T
(rs1045642) and CYP3A5 6986A>G (rs776746) gene
polymorphisms, when carried by a patient taking rivaroxaban to
prevent thrombosis after total hip or knee replacement surgery,
the affect prothrombin time (PT).

METHODS

The study protocol was reviewed and approved by the local
ethics committee of I. M. Sechenov First Moscow State Medical

University (Sechenov University) (meeting minutes #03-17 of
2017.04.19). The inclusion criteria were: any gender; age =18
years; primary TKR or THR performed; thrombosis prevention
therapy — 10 mg rivaroxaban OD; informed voluntary consent.
The exclusion criteria were: atrial fibrillation with anticoagulant
therapy; hemorrhagic diathesis; acute intracranial disease
or hemorrhagic stroke recorded in the past three months;
gastrointestinal bleeding, hematuria, peptic ulcer or duodenal
ulcer recorded in the last 6 months; severe liver disease; liver
transaminases (GPT and GOT) =2 upper limits of the norm
in the last month; severe renal impairment (CK <30 ml/min);
advanced stage of cancer; pregnancy, lactation; age <18 years.

Sixty-five persons participated in the study, 19 THR patients
(29.2%) and 46 TKR patients (70.8%). They were 48 (73.8%)
women and 17 (26.2%) men aged 24 to 83 years (mean age
— 59 + 12 years). Following the instructions detailing the use
of the medicine for the purposes of post-surgery thrombosis
prevention, the patients took 10 mg rivaroxaban once a day.
THR patietns received the medicine for 35 days, TKR patients
— for 14 days [14].

We purified DNA from the patients' venous blood. For the
purposes of genotyping, the blood was collected into 4 ml
Vacuette® vacuum tubes with EDTA-K3 anticoagulant. Real-time
polymerase chain reaction (PCR) allowed genotyping ABCB1
3435C>T (rs1045642) and CYP3A5 6986A>G (rs776746)
polymorphisms; we used the CFX96 Touch™ Real-Time PCR
Detection System DNA amplifier (Bio-Rad Laboratories, Inc.;
USA) at Research and Development center of the Russian
Medical Academy of Continuous Professional Education of the
Ministry of Health of Russia.

PT was the indicator reflecting the rivaroxaban's
pharmacodynamic properties; to learn it, we collected venous
blood of the patients on the 5th day of their anticoagulation
therapy, 1 hour before they took the medicine (PT,) and 3 hours
after (PT,), into 2.7 ml BD Vacutainer® vacuum tubes with 3.2%
sodium citrate. PT was determined manually, using Tekhplastin-
test (Tekhnologiya-Standard; Russia) in accordance with the
manufacturer's instructions.

The formula %APT = (PT, — PT,) / PT, x 100% allowed
finding the differences between PT values through calculating
%APT, which governed the division of patients into two
%APT groups: 1) patients with %APT < 0; 2) patients with
%APT > 0.

The studied polymorphism genotypes frequency distribution
was tested for compliance with the Hardy—Weinberg equilibrium
using an online calculator [15]. To determine the difference
between the groups as conditioned by the impact of ABCB1
3435C>T (rs1045642) and CYP3A5 6986A>G (rs776746)
polymorphisms, we ran the chi-square test for independence.
PASW Statistics 18 (2009) software was used to process the
results.

RESULTS

Based on the ABCB17 3435C>T (rs1045642) polymorphism
genotype, the patients were divided into 3 groups:
1) 3435CC genotype, n = 17 (26.2%); 2) 3435CT genotype,
n =27 (41.5%); 3) 3435TT genotype, n = 21 (32.3%). As for the
CYP3A5 6986A>G (rs776746) polymorphism genotypes, we
found 7 patients (10.8%) with 6986AG genotype (10.8%) and
58 patients (89.2%) with 6986GG genotype (Table 1).

The ABCBT1 3435C>T (rs1045642) and CYP3AS5 6986A>G
polymorphism genotypes distributions were within the Hardy-
Weinberg equilibrium, (x* = 1.79; p = 0.409 and x*> = 0.21;
p = 0.9, respectively).

BECTHUK PIMY | 5, 2018 | VESTNIKRGMU.RU



Among the patients participating in the study, the mean PT,
value (measured 1 hour before administration of rivaroxaban)
was 15.5 + 4.1 seconds, and the mean PT, value (measured
3 hours after administration of rivaroxaban) was 19.1 + 3.2
seconds. Table 2 shows other mean PT values through the lens
of their dependence on the ABCB1 3435C>T (rs1045642) and
CYP3AS5 6986A>G (rs776746) polymorphism genotypes.

Case-wise analysis of the PT variability revealed 7 patients
(10.8%) that had a paradoxical reaction, i.e. after administration
of rivaroxaban the PT in them either grew smaller or did not
change (%APT < 0). In the remaining 58 patients (89.2%)
rivaroxaban made the PT greater, as expected (%APT > 0).
6 patients (85.7%) were carrying the ABCB7 3435CT genotype
and none — the ABCB1 3435TT genotype in the group with
%APT < 0. The chi-square test for independence revealed a
statistically significant difference between %APT groups as
conditioned by the distribution of the ABCB1 3435C>T (rs1045642)
polymorphism genotypes (x* = 6.64; p = 0.027) (Table 3).

Patients with the ABCB1 3435CT genotype contributed the
most to the difference between %APT groups. Table 4 presents
"manual" determination of reliability of differences in the set of
frequencies, which allows seeing the reasons behind the main
difference.

As for the CYP3A5 6986A>G (rs776746) polymorphism
genotypes, there were no significant differences in their
distribution among %APT groups (x*> = 0.101; p = 1.0) (Table 5).

DISCUSSION

Drugs as P-gp substrates are widely used in the routine
clinical practice, which is why studying the effect ABCB1 gene
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polymorphisms have on pharmacodynamic and pharmacokinetic
qualities of medications is a matter of great interest.

Today, many researchers investigate the impact of ABCB1
gene polymorphisms on the pharmacodynamic properties of
various medicines. One of the efforts was aimed at studying
the relationship between ABCB1 3435C>T polymorphism and
response to antiretroviral therapy in HIV-1 patients (n = 123)
that received efavirenz or nelfinavir [16]. The authors of that
research found that patients with the 3435T allele respond
to antiretroviral therapy better. Another work revealed no link
between the ABCB1 3435C>T (rs1045642) polymorphism and
virological, immunological responses to antiretroviral therapy [17].

P-gp also transports antiepileptic drugs [18]. Genotyping
epilepsy patients (n = 315) by the ABCB17 3435C>T (rs1045642)
polymorphism, the researchers discovered that those resistant
to antiepileptic pharmacotherapy are more likely to carry the
ABCB1 3435CC genotype as opposed to the patients whose
response to such therapy was positive [19].

CYP3A5 gene polymorphism can contribute to the variability
of CYP3A5 substrates clearance. Studying the effect CYP3A5
expression has on the pharmacological response of statins,
the researchers have shown that lovastatin, simvastatin and
atorvastatin are significantly less effective in CYP3A5 expressors
than in non-expressors [20].

In the context of our work, which also addressed the
impact of ABCBT1 and CYP3A5 genes polymorphisms on the
pharmacodynamic properties of a drug — rivaroxaban, in our
case, — we have revealed a statistically significant difference
in distribution of ABCB17 3435C> T (rs1045642) polymorphism
genotypes between %APT groups, one with %APT < 0 and
another with %APT > 0. The difference mainly originates with

Table 1. Distribution of ABCB7 3435C>T (rs1045642) and CYP3A5 6986A>G (rs776746) polymorphisms genotypes in THR and TKR patients receiving rivaroxaban

Number of patients
Polymorphisms Genotype
absolute relative, %

ABCB13435CC 17 26.2
ABCB1 3435C>T (rs1045642) ABCB13435CT 27 41.5

ABCB13435TT 21 32.3

CYP3A5 6986AG 7 10.8
CYP3A5 6986A>G (rs776746)

CYP3A5 6986GG 58 89.2

TKR patients receiving rivaroxaban

Table 2. Mean PT values by group and as conditioned by the ABCB17 3435C>T (rs1045642) and CYP3A5 6986A>G (rs776746) polymorphism genotypes in THR and

Mean PT,, s Mean PT,, s P Mean APT, s Mean %APT, %

Participating patients (n = 65) 15.5+41 19.1+3.2 o :tz ?'18150_13 3.6+4.9 27.4 +26.3
t=5.48

ABCB13435CC 14.8+2.1 19.8 +3.7 p=503x10° 4.95+3.3 34.7 £ 245
t=4.074

ABCB13435CT 16.0 + 5.7 18.4+3.0 p=3.85x10% 24+6.8 22.8 +£32.9
t=6.652

ABCBT13435TT 15.5+2.8 19.5+27 p=1.77 x10% 4.02+2.2 27.3 +15.8
t=15.358

CYP3A5 6986AG 143+1.9 20.6 + 3.1 p=0.002 6.3+4.2 47.3£34.8
t=7.798

CYP3A56986GG 15.7 +4.3 18.9 + 3.1 p=1.49 x 1070 3.2+4.95 25.0 £24.3

Table 3. Distribution of ABCB1 3435C>T (rs1045642) polymorphism genotypes, %APT groups, THR and TKR patients receiving rivaroxaban (n = 65)

%APT < 0 %APT > 0
ABCB13435CC 1(14.3%) 16 (27.6%)
ABCB13435CT 6 (85.7%) 21 (36.2%)
ABCB13435TT 0 (0%) 21 (36.2%)

Note: * x? = 6.64; p = 0.027.
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Table 4. Determination of significance of differences between observed and expected distribution of ABCB71 3435C>T (rs1045642) polymorphism genotypes,

%APT groups
Observed genotypes distribution, %APT groups
%APT <0 %APT >0 Total
ABCB1 3435CC 1 16 17
ABCBT1 3435CT 6 21 27
ABCB13435TT 0 21 21
Total 7 58 65
Expected genotypes distribution, %APT groups
%APT <0 %APT >0 Total
ABCB13435CC 2 15 17
ABCB1 3435CT 3 24 27
ABCB1 3435TT 2 19 21
Total 7 58 65
Significant difference between observed and expected genotypes distribution
%APT <0 %APT >0 Total
ABCB1 3435CC 0.50 0.07 0.57
ABCB13435CT 3.00 0.38 3.38
ABCB1 3435TT 2.00 0.21 2.21
Total 5.50 0.66 6.16
Table 5. Distribution of CYP3A5 6986A>G (rs776746) polymorphism genotypes, %APT, THR and TKR patients receiving rivaroxaban (n = 65)*
%APT <0 %APT >0
CYP3A5 6986AG 1(14.3%) 6 (10.3%)
CYP3A5 6986GG 6 (85.7%) 52 (89.7%)

Note: "y =0.101; p = 1.0

the patients carrying the ABCB1 3435CT genotype (85.7%) that
belong to the %APT < 0 group; this may point to the necessity
to adjust the dose for such people, since the standard dose of
rivaroxaban may have no clinical effect in them.

The majority (89.2%) of patients participating in our study
had the CYP3A5 6986GG genotype; the CYP3A5 isoenzyme
was not fully expressed in their bodies. As for the distribution of
CYP3A5 6986A>G (rs776746) polymorphism genotypes in the
%APT groups, the difference between them was insignificant,
which presumably signals of the role of CYP3A5 isoenzyme in
rivaroxaban pharmacokinetics being inferior to that of the P-gp
membrane transporter.

Considering the discovered effect ABCB71 3435C>T
(rs1045642) polymorphism has on %APT under the influence

of rivaroxaban, we believe it is important to research not only
pharmacodynamics, but also pharmacokinetics of rivaroxaban
in patients with different genotypes.

CONCLUSIONS

We discovered that ABCB17 3435C>T (rs1045642) polymorphism
has a statistically significant effect on PT variance in THR
and TKR patients taking rivaroxaban to prevent thrombosis.
There was found no statistically significant dependence of
%APT on CYP3A5 6986A>G (rs776746) polymorphism. We
believe it is necessary to study both pharmacodynamics and
pharmacokinetics of rivaroxaban in patients with different
genotypes.

The funding organization played no role in the study design, collection, analysis and interpretation of data, writing of the report, or decision to submit the

report for publication.
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