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7 auBapA 2021 roaa ywen 13 XXU3HU rMaBHbIN pefaKTop »ypHana
HOBULUKWIA Bauecnas Bukroposuu (pogunca 23 asrycra 1946 r.) -
yueHbli-natopunsnonor c MMpoBbiMm nmeHeM, akagemuk PAH (PAMH)

BAvecnas BMKTOpPOBMY OKOHUMA NevebHbIN daKynbTeT TOMCKOTo MeAMLMHCKOro
MHCTUTYTa (1969, B H.B. CUBUPCKUI rOCYAaPCTBEHHbIN MEAULMHCKUIA YHUBEPCUTET —
CMBTMY). CBOIO HayuHYHO LeATENbHOCTb OH HAYas B CTYAEHYECKME rofbl (co 2-To Kypca)
noj, HenocpeACTBEHHbIM PYKOBOACTBOM 3aBeytoLLero kageapoii natodpusmonormm,
3acnyxeHHoro geatens Haykn PCOCP, npodeccopa A.M. lonbabepra. Kak akTUBHbIN
KPY)KKOBEL, M 0OLLEeCTBEHHUK, MO OKOHYaHMM By3a Obl1 OCTaBNEH 419 AasbHeNLWe
paboTbl B MHCTUTYTE, I4e NPOLLEN BCe 3Tarbl CTAHOB/IEHUA KakK HAay4YHOro COTPYAHMKA,
neAarora U afMUHUCTPATOpPa.
3awmTne B 1972 r. nog, Hay4HbIM pyKoBoacTBom npodeccopos [.U. Tonbabepra u
E.[. lonbabepra KaHAUAATCKYIO ANCCEPTaLMI0 «PeakLMm CUCTEMbI KPOBU NpK
BBeAeHUM 5-dTopypaumna u dTopadypa B IKCNepUMeHTE», NPOAOIKMA U3yYeHne
no60YHbIX 3GEKTOB Pa3NNYHbIX MPOTUBOOMYXONEBbIX MPENAPATOB, @ TAKKe
uccnefoBaHuA B 061acTv paguaLlMoOHHOM remaTonorMu 1 SKCnepuMeHTanbHOM
OHKon0rMK. B 1986 1. 3aWwmTa LOKTOPCKYIO AMCCEPTaLMI0 «PEaKTUBHOCTb CUCTEMBI
KPOBW B paHHME U OTAANIEHHbIE CPOKU NOC/E AeCTBUA NPOTUBOOMNYXOEBbIX
QHTMOMOTUKOB aHTPALMKAMHOBOTO PAfa» (Hay4YHbIN KOHCYNITAHT — UneH-koppecnoHaeHT AMH CCCP, npodeccop E.A.
lonbabepr). YueHoe 38aHMe CTAPLUETO HAYYHOTO COTPYAHMKA MO CNELMaNbHOCTM «NaToNOTMYecKasn GU3M0N0rUA» NPUCBOEHO
8 1977 r., yueHoe 3BaHMe AOLEHTA NO Kadeape natonornyeckon ousmonormm — e 1985 r., 3BaHue npodpeccopa—B 1989r.,
3BaHMWe YneH-KoppecnoHaeHta PAMH — 8 1989 r., 3BaHue AeiCTBUTENbHOTO YneHa (akagemmuka) PAMH — B 2005 r., 38aHue
[eNCTBUTENbHOIO YneHa (akagemuka) PAH — 8 2014 r.

B 1988 r. 6b11 NepBbIM U36PaHHBIM Ha aNbTEPHATUBHOM OCHOBE NPOPEKTOPOM MO Hay4YHOM paboTe, B Aekabpe 1997 r. —
nepBbIM M36paHHbIM PEKTOPOM TOMCKOro MeanHCTUTYTa (CM6IMY). B nepunog 2000-2017 rr. 3aBefoBan Kadeapoi
natodusuonorum.

Byay4u nporpeccuBHbIM, TaIaHT/IMBbIM aMUHUCTPATOPOM M YeJI0BEKOM, UCTUHHO NpesaHHbIM Hayke, Bayecnas
BukTOpOBMY 60/1bLIOE BHUMAHWME YAENAN BOCMUTAHUIO HayYHO-NEAArornyecknx KagpoB U BOBEUYEHWIO MOIOAEXKM B HAYKY.
OH co3aan cobCTBEHHOE HanpaB/eHWe B TOMCKOM LUKO/IE NaTOGU310I0roB — NaTodU3NO0N0rMs CUCTEMBI KPOBM 1
OHKOhapMaKonorua, B paMKkax KOTOporo 06beAUHUANCH OMbITHbIE M MONOAbIE NpenoAaBaTenu-uccnesosatenn Cu6rMy
[NA U3y4eHUs BONPOCOB NaToreHesa LuUTocTaTUieckon 6onesHu, GyHAaMEHTaIbHbIX MEXaHU3MOB HapyLIEHWUN
CTPYKTYPHO-MeTaboaMyYecKnx CBOMCTB KNETOK KPOBM NPU NCUXMYECKMX PACCTPOMCTBAX M COMATUYECKOW NaToNommu,
NaTONOTMYeCKOM PeaKTUBHOCTM CUCTEMbI KPOBM NPK MHPEKLMOHHOM npouecce. Moarotosun 108 kaHanAaToB 1 45
[LOKTOPOB HayK, 60NbLUMHCTBO M3 KOTOPbIX 3aLUTUANCH B Bo3pacTe Ao 35 net. HayuHas Wwkona akagemuka PAH B.B.
HoBuLKOrO LWecTb pa3 NOATBEPKAAA 3BaHME «BeayLLei HayuHoM WwKonbl PO» (2003, 2006, 2008, 2012, 2014, 2016). B
2010 rosy KoNNeKTMB Hay4HOM WKoAbl B.B. HoBuLKoro 6bin yaoCcTOEH 0fHOM U3 Hanbonee NPecTUKHbIX Harpas akagemum
HayK — npemuu um. U.B. [aBblA0BCKOro No 0bLueit NaTonor1m 3a LKA pabot «MonekynsapHble OCHOBbI NaTONIOMMMU KNETOK
KPOBW NPU COLMANbHO 3HAUYMMbIX 3360N1€BaAHMAXY.

B.B. HoBuuKui sBnsietca asTopom 6onee 800 HayyHbIX paboT B 06/1aCTH TEOPETMYECKOW FrEMATONOTUK,
naToduU3NO0rMK, LUTONOTUM U KNETOYHOM BUoNorMK, B TOM Yncae 44 moHorpaduit, 18 yuebHbix Nocobumit, 2 aBTOPCKMX
cBMAaeTensCcTs U 17 nateHToB PP Ha n306peTteHns. Co3aatenb, PeAaKTOP M COABTOP YHUKANbHOIO aT/1aca Mo 3NEKTPOHHOW
MWKPOCKOMWM 3PUTPOLIMTOB M NATU U3AAHWI y4ebHMKa N0 NaTONOrMYECKON GU3NONOTUMN ANA CTYLEHTOB MEANLMHCKMX
By308B (1994, 2001, 2006, 2009, 2018 rr.).

HayuHble goctuxkeHusa Bayecnasa Buktoposuya HoBULKOrO Npu3HaHbl He ToNbKO B Poccuu, HO 1 3a pybexkom:
[encTBUTENbHbIN YneH Monbekon Akagemun meauumHbl (c 1998), gercTeuTenbHbl YneH MexayHapoaHo akagemuu
meamnumHbl AnbbepTa Lseiiuepa (MonbLwa, ¢ 1999), professor honoris causa of philosophy (in humanities) Nonbckoi
Akagemun meguumHbl (2006). KaBanep 15 opaeHOB M Meaanei Hay4HbIX COOBLLECTB v akademuii Monbluu, lepmaHum,
®paHuum, BennkobputaHum, B TOM YnCae TpeX OPAEHOB KOMaHAOPCKOrO Kiacca.

YneH npaneHus Poccuidickoro Hay4yHoro obLiecTsa natoGpusnonoros.

3ac/yeHHbI geatenb Hayku PP (2000). 3acnyskeHHbI paboTHUK KyabTypbl PO (1996). MoyeTHbIN rpakaaHUH
r. TomcKa (2006). MoyeTHbIN npodeccop CM6IMY (2016). AenyTat locyaapcTBEHHOM AyMbl TOMCKO 06aacTu 2-ro, 3-ro
1 4-ro co3biBoB (1997-2001, 2001-2006, 2006-2011).
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Association of smoking with coronary artery disease depending
on other cardiovascular risk factors
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Artamonova G.V., Barbarash O.L.

Research Institute for Complex Issues of Cardiovascular Diseases
6, Sosnoviy Blvd., Kemerovo, 650002, Russian Federation

ABSTRACT

Aim. To study the possibility of the presence of coronary artery disease (CAD) depending on the smoking status,
as well as to estimate the association of smoking with other traditional risk factors in residents of Kemerovo region
aged 25—64 years.

Materials and methods. We analyzed the results of the multicenter epidemiological study “Epidemiology of
cardiovascular diseases and their risk factors in the Russian Federation” in Kemerovo region obtained from a random
sample of 1,599 subjects aged 25-64 years. Besides the smoking status, the following parameters were analyzed:
gender, age, education, diabetes mellitus (DM) and arterial hypertension (AH) history, hypercholesterolemia,
hypertriglyceridemia, high level of low-density lipoproteins (LDL), low level of high-density lipoproteins (HDL),
hyperglycemia, obesity, alcohol abuse, and depression.

Results. Three groups were formed depending on the smoking status: group 1 included 484 (30.3%) current
smokers, group 2 included 317 (19.8%) former smokers and group 3 consisted of 798 (49.9%) individuals who had
never smoked. The groups did not differ in the prevalence of CAD. When determining the rank significance of the
impact of risk factors on the possibility of CAD development in the overall population, it was revealed that the age
affected the risk of CAD the most, while smoking and low HDL had minimal impact. The impact of the smoking
factor on CAD was higher in the representatives of the older age group; however, even in the subjects aged > 50
years, the smoking factor was not the leading one and followed DM, hypertriglyceridemia, depression, and obesity.
The possibility of CAD development in smokers, as opposed to individuals who had never smoked, increased when
smoking was accompanied by hypercholesterolemia, hypertriglyceridemia, male sex, lack of higher education,
depression, and age of > 50 years. The possibility of CAD development in former smokers, as opposed to non-
smokers increased when smoking was accompanied by hyperglycemia.

Conclusion. Smoking is not the primary risk factor in CAD detection in the studied sample. In the presence of
additional risk factors, the impact of smoking on the possibility of CAD detection increases.

Key words: coronary artery disease, smoking, risk factors.
Conflict of interest. The authors declare the absence of obvious or potential conflict of interest related to the
publication of this article.

Source of financing. The authors state that they received no funding for the study.

Conformity with the principles of ethics. All individuals were notified of the objectives of the study and signed an
informed consent to participate in the study. The study was approved by the local Ethics Committee at the Research
Institute for Complex Issues of Cardiovascular Diseases (Protocol No. 71 of 02.09.2013).

For citation: Bazdyrev E.D., Maksimov S.A., Galimova N.A., Mulerova T.A., Indukaeva E.V., Artamonova

G.V., Barbarash O.L. Association of smoking with coronary artery disease depending on other cardiovascular risk
factors. Bulletin of Siberian Medicine. 2021; 20 (1): 7-15. https://doi.org: 10.20538/1682-0363-2021-1-7-15.

P} Bazdyrev Evgeny D., e-mail: edb624@mail.ru.

BionneteHb cMbupckon meanumHebl, 2021; 20 (1): 7-15



Bazdyrev E.D., Maksimov S.A., Galimova N.A. et al. Association of smoking with coronary artery disease depending on other

CBA3b KYpPEHUA C UemMU4ecKkon 60/1e3Hblo cepala B 3aBUCUMOCTH
OT APYruX ¢paKTOPOB CEPAEYHO-COCYAUCTOrO PUCKA

basabipeBE.Al., Makcumos C.A., Tanumosa H.A., MyneposaT.A., UnpaykaeBa E.B.,
AptamoHoBarl.B., bap6apaw O.J1.

Hayuno-uccredosamenvckuii uHCmumym KOMHIAEKCHBIX NPoOeM cepoeuro-cocyoucmoix sabonesanuii (HUHW KIICC3)
Poccus, 650002, 2. Kemepogo, Cocroguiii 6ynveap, 6

PE3IOME

Hean. M3ydyenue BepoATHOCTH Hanmuuus umemudyeckon Oonesnu cepaua (MBC) B 3aBucuMocTH OT craTtyca
KYPEHHs, a TAK)KE OLIEHKA CBSI3M KypEeHUsI C IPYTHMH TPaJUIIHOHHBIME (akTopamMu prcka y sxutenei Kysbacckoro
peruoHa B Bo3pacte 25—64 1er.

MatepuaJjibl M MeTOABL. IIpoBeieH aHanK3 pe3ynbTaTOB MHOTOLIEHTPOBOIO AMUAEMUOIOTNYECKOTO UCCIEIOBAHUS
«OIUIEMUONIOTHS CePICUHO-COCYANCTHIX 3aboyieBaHui M MX (akTopoB pucka B Poccuiickoit ®enepanuny B
KemepoBckoii obiacTH, HONyYeHHBIX Ha CiiydaiiHOW BeIOOpke 1 599 uenmoex B Bo3pacte 25-64 ner. [Tomumo
cTaTyca KypeHUs aHaJM3MPOBAINChH IOJ, BO3pacT, oOpa3oBaHue, Hanuuue caxapHoro auadera (C/1) u aprepu-
aJlbHAasl TMIEPTEH3Us, TUIIEPX0IECTEPUHEMHUS, TUIEPTPUITIULIEPUIEMUS], BBICOKUI YPOBEHb JIUIIONPOTEUIOB HU3-
KOH IUIOTHOCTH, HU3KUH YPOBEHb JIMIIONPOTEHHOB BbICOKOH moTHOocTH (JIIIBII), rumeprimkemusi, oxxupenue,
37I0yHOTpeOJICHUE aJIKOTOJIEM M ACTPECCHSI.

Pe3yabTathl. B 3aBuCcHMOCTH OT cTaTyca KypeHus: c)OpMUPOBaHEI TpH rPymbl. [lepBast rpymma — Kypsimue B Ha-
crostmiee Bpems, 484 enoseka (30,3%), Bropast — Kypusize B pornioM, 317 (19,8%), u TpeTss rpymmna — HUKOTAa
He KypuBinme, 798 uenosek (49,9%). I'pymmsl He nmenn pasnmmuuii o pacnpoctpanenHoctu UBC. Ipu onpene-
JICHUW PaHTOBOH 3HAYMMOCTH BIHMSHHSA (aKTOPOB pucka Ha BeposTHOCTs VIBC B 00mielt momysuy BEISBIEHO,
YTO BO3PACT SBISETCS CaMBbIM CHIIBHBIM (DaKTOpPOM, a KypeHHe W Hu3Kuil ypoBeHb JI[IBII — MHHUMAaIbHBIMA.
Crenens Biuusiaus Ha BC (akTopa KypeHHs BBIIIE Y MPEACTAaBUTENEH CTapiiell BO3PaCTHOW TPy, OJHAKO
nake y nwIl B Bo3pacte 50 seT u crapme QakT KypeHHs He 3aHsUI IHAupyomue no3umuu u crexosan 3a C/l,
THIIEPTPUTINLIEpUAEMHUei, aenpeccueit u oxupenueM. BepostHocts UBC y Kypsmux B cpaBHEHHH C HHKOTIA
HE KypHUBIINMH YCHIMBAeTCS NMPH COYETAHWH KypeHHUsS C THIEPXOJIEeCTepUHEMHEH, TMIepTpUTIHIepUAEeMHueH,
MY’KCKHM TI0JIOM, OTCYTCTBHEM BBICIIEr0 00pa30BaHUs, HATMINEM JeTpeccuu u Bo3pactoM 50 net u crapmre. Y
KypHBIIHX B IPOIIOM K HE KypAIIUM — TIPH COYETAHUH C THIEPIINKEMUCH.

3akmoyenue. Kypenue sBisiercs He MepBOCTENEHHBIM (GakTopoM pucka npu BeisiBienun VIBC B nccnenyemoit
BBIOOPKE, & ITPU HATMYHHU JOMONHUTENBHBIX ()aKTOPOB PHCKA BIMSHUE KyPEHUS Ha BEPOATHOCTH BhisiBneHus MbC
YCHUIIUBAETCA.

KunroueBble c1oBa: umeMmdaeckast 00Je3Hb cep/na, KypeHue, (GakTopsl prcka.

KOHQ).]'IP[KT HHTEPECOB. ABTOpI)I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIIUAJIBHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaIII/I€I71 HaCTOHIJ.[efI CTaTbHU.

Hcrounuk ¢QuHAHCHPOBAHUSA. ABTOPHI 3asBISAIOT 00 OTCYTCTBHMM (MHAHCHPOBAHHSA IIPH IIPOBEJCHUH
HCCIIEA0BAHMS.

CooTBeTCTBHE NPUHIMNAM 3THKH. Bce manueHThl MoAmucaan MHGOPMHUPOBAHHOE COIJIACHE HA Y4acTHE B
nccnenosanuu. Vccnenoanue ogodpeHo gokanbHeIM dTrdeckuM komuteroM HUU KIICC3 (mportokon Ne 71 ot
02.09.2013).

Jns uutupoBanus: bazaeipes E.JI., Makcumos C.A., 'amumoBa H.A., Myneposa T.A., Uanykaesa E.B., Ap-
tamonosa ['.B., Bap6apamr O.JI. CBsi3b KypeHHUs ¢ HIIEMHYECKON OOJE3HBIO CepAIa B 3aBHCHMOCTH OT JIPYTHX
(aKTOPOB CEPACYHO-COCYTUCTOTO pHUCKa. broanemens cubupckoi meduyunst. 2021; 20 (1): 7-15. https://doi.org:
10.20538/1682-0363-2021-1-7-15.
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INTRODUCTION

Coronary artery disease (CAD) has been a lead-
ing cause of death and disability for many years,
not only in the Russian Federation, but all over the
world. It is generally accepted that risk factors, such
as impaired lipid and carbohydrate metabolism, ar-
terial hypertension (AH), excessive alcohol intake,
low physical activity, obesity, and smoking, play a
crucial role in the development of cardiovascular
diseases (CVD). Research in recent years has fo-
cused primarily on the analysis of cause-and-effect
relationships from the point of view of the isolated
influence of these factors on the possibility of de-
veloping CAD. Unfortunately, there are not enough
studies that demonstrate a comprehensive approach
to assessing a possible impact of smoking in com-
bination with other traditional cardiovascular risk
factors.

MATERIALS AND METHODS

The analysis was based on the results of the study
“Epidemiology of cardiovascular diseases and their
risk factors in the Russian Federation” in Kemerovo
region, where a random sample of male and female
adults aged 2564 years (1,628 people) was inves-
tigated. The final sample size was 1,599 people af-
ter exclusion of individuals with incomplete data.
Their influence on the final results was not ana-
lyzed, since the percentage of missing data was less
than 2%.

The study was conducted in accordance with
the standards of good clinical practice and the prin-
ciples of the Helsinki Declaration. The patients
signed an informed consent approved by the insti-
tution’s Ethics Committee before being included in
the study.

The presence of CAD was assessed according to
the sum of 3 epidemiological criteria: ECG encoded
changes later classified according to the Minnesota
code and the Rose questionnaire and myocardial in-
farction (MI) in the medical history.

Depending on smoking habits, the respon-
dents were divided into three groups. Current
smokers were those who smoked at least one
cigarette a day or quit smoking less than a year
ago. “Former” smokers were patients who had
quit smoking a year or more before inclusion in
the study, non-smokers were those who had never
smoked [1].

In addition to smoking, the following cardiovas-
cular risk factors were analyzed: sex, age, education,
diabetes mellitus (DM) and AH, hypercholesterol-
emia, hypertriglyceridemia, high LDL, low HDL, hy-
perglycemia, obesity, alcohol abuse, and depression.

The smoking status (non-smokers / former
smokers / smokers), education (higher education
/ lack of higher education), diabetes (according to
the respondent), peculiarities of alcohol consump-
tion, and the level of depression were assessed ac-
cording to the survey data. Alcohol consumption
was assessed based on the data on the frequency,
amount and type of alcoholic beverages consumed.
The volume of alcohol consumption for the year
was calculated, followed by conversion to average
daily values in grams of ethanol. Alcohol abuse was
classified with estimated average daily ethanol con-
sumption of more than 72 grams.

The hospital scale of anxiety and depression
(HADS), validated in Russia, was used to assess de-
pression. The 75th percentile of depression in this
sample was calculated, in case values were above
it, the level of depression was considered to be in-
creased. AH was classified at systolic blood pres-
sure (SBP) >140 mm Hg and / or diastolic blood
pressure (DBP) > 90 mm Hg, regardless of the
level of blood pressure during the intake of anti-
hypertensive drugs. The person was considered to
be obese if the value of the Body Mass Index was
> 30 kg / m% Hypercholesterolemia was defined
when the concentration of total cholesterol was over
5.0 mmol / 1, hypertriglyceridemia was detected if
the triglyceride level was more than 1.7 mmol / 1,
high LDL was registered if values were greater than
3.0 mmol / 1, low HDL — if values were less than
1.0 mmol / 1, and fasting hyperglycemia was classi-
fied at the glucose level of more than 5.6 mmol / 1.

The distribution of quantitative indicators was
evaluated, taking into account that the distribution
did not deviate significantly from the normal value.
Descriptive statistics methods were used to calcu-
late the average value (M) and standard deviation
(SD) for quantitative indicators and frequency for
qualitative indicators. The Kruskall — Wallis test
and the Pearson Chi-square test were used to evalu-
ate differences in quantitative indicators. The rank-
ing of the risk factor influence on the probability
of developing CAD was determined using decision
trees. The method of discriminant one-dimensional
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branching for categorical and ordinal predictors was
applied.

Equal cost of misclassification of objects and
a priori probabilities proportional to the size of
classes of the dependent variable were taken as the
forecast accuracy criteria. Pruning according to
the classification error initiated a branching stop,
the minimum number of misclassified objects was
12, and the value of a standard error was 1.0. The
importance of risk factors in the analysis of clas-
sification trees was estimated according to a con-
ventional 100-point scale, 100 conventional units
(c.u.) were accepted as an important predictor that
impacted most on the classified object.

Logistic regression analysis was used to assess a
relationship between smoking and CAD; the results
were adjusted for sex, age, hypertriglyceridemia,
education, depression, obesity, diabetes, and hyper-
tension. Odds ratio (OR), 95% confidence interval
(CI), and p-level of OR were calculated. At the first
stage, the relationship of smoking with CAD was

evaluated in the total sample. At the second stage,
it was assessed alternately in groups based on the
presence / absence of risk factors.

Statistical analysis was performed using Statisti-
ca 6.1 software. The critical level of statistical sig-
nificance was 0.05. At the level of 0.05 <p < 0.10,
the trend was considered to be statistically signifi-
cant.

RESULTS

In the sample of 1,599 subjects, CAD was veri-
fied in 264 (16.5 %) respondents, of which 28 (10.6
%) previously had MI. It should be noted that 801
(50.1 %) respondents were former or current smok-
ers. Comparative analysis (Table 1) shows that
groups did not differ in the prevalence of CAD, pri-
or MI, and stroke. Notably, current smokers were
males of younger age with no signs of cholesterol
or carbohydrate metabolism disorders. At the same
time, fewer people among them had higher educa-
tion and more people among them abused alcohol.

Table 1

Clinical and anamnestic characteristics of groups depending on smoking habits

Parameter Current smokers Former smokers Non-smokers p-l'evel difference
484 (30.3 %) 317 (19.8 %) 798 (49.9 %) in the groups

Age, years, (M = SD) 44.5£11.0 46.6x11.6 48.3+11.3 <0.0001
Sex, male, (n, %) 312 (64.5) 195 (61.5) 182 (22.8) <0.0001
CAD, (n, %) 83 (17.1) 50 (15.8) 131 (16.4) 0.87
M1, (n, %) 8 (1.6) 10 (3.1) 10 (1.2) 0.090
Chronic bronchitis, (r, %) 92 (19.0) 54 (17.0) 108 (13.5) 0.028
Bronchial asthma, (1, %) 153.1) 9(2.8) 36 (4.5) 0.28
Digestive diseases, (1, %) 136 (28.1) 103 (32.5) 346 (43.4) <0.0001
Kidney diseases, (n, %) 74 (15.3) 74 (23.3) 258 (32.3) <0.0001
AH, (n, %) 185 (38.2) 156 (49.2) 352 (44.1) 0.0074
DM, (n, %) 11 (2.3) 19 (6.0) 33 (4.1) 0.028
Stroke, (n, %) 7(1.4) 11 (3.5) 14 (1.7) 0.11
Cardiac arrhythmia, (n, %) 77 (15.9) 60 (18.9) 179 (22.4) 0.016
Obesity, (1, %) 132 (27.3) 114 (36.0) 312 (39.1) <0.0001
Depression, (n, %) 100 (20.7) 51 (16.1) 153 (19.2) 0.27
Alcohol abuse, (1, %) 146 (30.2) 66 (20.8) 56 (7.0) <0.0001
Higher education, (n, %) 153 (31.6) 127 (40.1) 349 (43.7) <0.0001
Hypercholesterolemia,(n, %) 232 (47.9) 176 (55.5) 441 (55.3) 0.024
Hypertriglyceridemia, (n, %) 98 (20.2) 76 (24.0) 150 (18.8) 0.15
Low HDL level, (n, %) 11 (2.3) 8(2.5) 6(0.7) 0.032
High LDL level, (n, %) 297 (61.4) 215 (67.8) 542 (67.9) 0.041
Hyperglycemia, (n, %) 76 (15.7) 59 (18.6) 141 (17.7) 0.52
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The influence of cardiovascular risk factors on
the probability of CAD was ranked. In the total
sample, with all the considered risk factors taken
into account, age criteria had the maximum rank
(100 c.u.) of influence on the probability of CAD
(Table 2).

Table 2
Ranking of the impact of risk factors on the probability of CAD

Risk factor ranking of the probability of
CAD (c.u.)
Parameter
Total Persons Persons

sample <50 years > 50 years
Sex, male 8 100 32
Age 100 83 45
Smoking 1 31 52
Higher education 15 66 43
DM 14 8 100
AH 13 76 12
Hypercholesterolemia 2 16 15
Hypertriglyceridemia 13 39 96
High LDL level 2 14 25
Low HDL level 1 21 11
Hyperglycemia 13 41 42
Obesity 19 56 67
Alcohol abuse 6 23 30
Depression 27 53 80

Other risk factors had lesser impact (in the de-
scending order): depression — 27 c.u., obesity — 19
c.u., higher education — 15 c.u., etc. Ranking assess-
ment of the risk factor influence on the probability
of CAD was performed in two age groups due to the
overwhelming influence of age. Sex, age, AH, hig-
her education, and depression had the influence rank
of more than 50 c.u. in the < 50-year-old group.

It is worth noting that smoking as one of the
leading factors determining the probability of CAD
has the lowest rank in the general population. How-
ever, with age differentiation, the influence of this
risk factor increases. Thus, in people younger than
50 years, the rank influence of smoking was 31 c.u.,
and in the older age group (50 years and older) it
elevated to 52 c.u. Besides smoking, the rank in-
fluence of more than 50 c.u. was registered for DM
(100 c.u.), hypertriglyceridemia (96 c.u.), depres-
sion (80 c.u.), and obesity (67 c.u.).

Age influenced CAD the most, while smoking
and low HDL levels had the lowest rank influence
in the general population. The degree of influence
of smoking on CAD was greater in the older age

group, but even in people aged > 50 years it was
not the greatest and followed DM, hypertriglyceri-
demia, depression, and obesity.

Further, the probability of CAD was calculated
depending not only on smoking, but also on smo-
king combined with other risk factors. Due to the
large volume of data obtained, Table 3 shows only
statistically significant relationships.

Table 3

Probability of CAD depending on smoking in combination
with other cardiovascular risk factors

Parameter OR 95 % CI p-level
Smokers vs. non-smokers

Smoking 1.53 1.05-2.22 0.025
Hypercholesterolemia 1.74 1.05-2.89 0.031
Hypertriglyceridemia 2.39 1.11-5.12 0.025
Male sex 1.92 1.01-3.68 0.049

Lack of higher education 1.71 1.07-2.72 0.024
Depression 2.36 1.15-4.83 0.018

Age > 50 years 1.82 1.11-2.99 0.028

Former smokers vs. non-smokers
Smoking 1.31 0.86-1.99 0.20
Hyperglycemia 2.79 1.10-7.11 0.030
Smokers vs. former smokers

Smoking 1.47 0.96-2.27 0.078

Male sex 2.16 1.18-3.96 0.012

Lack of higher education 1.74 1.02-2.97 0.041
Depression 2.58 1.01-6.61 0.047

Age > 50 years 1.87 1.08-3.24 0.024

Current smokers were 53% more likely to have
CAD than non-smokers. In addition, a direct statis-
tically significant association was found between
the probability of CAD if smoking was combined
with other cardiovascular risk factors, such as hy-
percholesterolemia, hypertriglyceridemia, male
sex, lack of higher education, depression, and age
over 50 years. When smoking was combined with
other risk factors, the association with CAD be-
came close to statistically significant: AH (OR =
1.63, 95% CI 0.94-2.83, p = 0.082), hyperglycemia
(OR =2.63, 95% CI 0.98-7.04, p = 0.053), obesity
(OR = 1.83, 95% CI1 0.99-3.38, p = 0.054).

There was also a direct association of smoking
with CAD (OR higher than 1.00) in former smok-
ers and non-smokers who did not have other risk
factors, but it was statistically insignificant. In this
regard, it is appropriate to say that the influence of
smoking is more pronounced in people with comor-
bidities and additional cardiovascular risk factors.
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Next, respondents who had quit smoking for
more than a year before the study and non-smokers
were analyzed. In former smokers, the association
of smoking with CAD was direct, but statistically
insignificant. Of all the factors considered, a com-
bination of the former smoker status only with hy-
perglycemia was significantly associated with CAD.

Additionally, a combination of the former
smoker status with disorders of lipid metabolism,
such as hypercholesterolemia (OR = 1.68, 95%
CI 0.96-2.94, p = 0.071), hypertriglyceridemia
(OR = 2.31, 95% CI 0.96-5.58, p = 0.060), and
obesity (OR = 1.82, 95% CI 0.95-3.52, p = 0.072),
was approaching the statistical significance level.
Therefore, lower probability of CAD is not strongly
associated with smoking cessation in case these risk
factors are present.

Statistically insignificant trends in smoking ces-
sation among men and women are worth noting. In
the “smokers vs. non-smokers” analysis, prominent
association of CAD with sex was registered among
men (men OR =1.92, 95% CI 1.01-3.68, p = 0.049
compared to women OR = 1.20, 95% CI 0.74—1.94,
p = 0.45). In the “former smokers vs. non-smokers”
analysis, the probability of CAD was higher among
women (women OR = 1.33, 95% CI1 0.79-2.25, p =
0.8 compared to men OR =0.94, 95% CI 0.45-1.98,
p = 0.87), although no statistical significance was
shown. This may indirectly indicate that smoking
cessation and reduced probability of CAD are less
likely associated in women than in men.

Changes in the association with CAD during
smoking cessation are more evident when associ-
ations with CAD are compared in current smokers
and former smokers. In the total sample, the de-
crease in the strength of the association with CAD
in former smokers, is reflected in high values of
the OR of current smokers, as opposed to former
smokers (the differences are close to statistically
significant values, OR = 1.47, 95 % CI 0.96-2.27,
p =0.078).

According to the conducted logistic regression
analysis, low probability of CAD in combination
with smoking cessation is associated with male
sex, lack of higher education, age of over 50 years,
and depression. Additionally, during smoking ces-
sation, a number of factors become almost statis-
tically significant in relation to reduced probabil-
ity of CAD: AH (OR = 1.47, 95% CI 0.96-2.27,

p = 0 .078), absence of hyperglycemia (OR 1.52,
95% C10.93-2.48, p = 0.095), and absence of obe-
sity (OR = 1.68, 95% C10.94-2.98, p =0.077). The
presence or absence of such factors as hypercholes-
terolemia and hypertriglyceridemia does not affect
reduction of CAD probability even during smoking
cessation.

DISCUSSION

Smoking is the leading risk factor for CVD. Ac-
cording to the study “Epidemiology of cardiovas-
cular diseases and their risk factors in the Russian
Federation”, 27.7% of people smoke in Russia. The
prevalence of this risk factor in Kemerovo region
was higher than in other regions, both among men
(49.8 %) and women (22.9 %) [1]. Similar data
were demonstrated in 2016, in the global survey
of adult population of the Russian Federation. It
showed that in Russia 36.4 million (30.5 %) people
use tobacco products on a regular basis (14.5% of
women and 49.8% of men) [2]. The use of tobacco
products is the cause of death for 5.4 million peo-
ple annually and accounts for 1 in 10 deaths among
adults worldwide [3]. Smoking plays a leading role
in the development of atherosclerosis and, thereaf-
ter, CAD. Smoking has been shown to have a neg-
ative effect on the endothelial function, stimulate
thrombosis, potentiate oxidative stress and inflam-
mation, and cause impairment of lipid metabolism
[4].

The study found that smoking is associated with
the probability of CAD. However, in the general
population, smoking was not classified as a highly
significant factor, giving the leading role instead to
age, depression, and obesity. Taking into account
division of the sample by age, smoking association
became more important in people over 50 years. It
was demonstrated that the probability of CAD was
53% higher in smokers compared to those who had
never smoked. There were no differences in the
probability of CAD when comparing former smok-
ers and current smokers. In addition, there were
no differences in the probability of CAD in former
smokers and non-smokers. However, the study
was limited by the absence of analysis on the time
frames of smoking cessation. It is known that CVD
risk is lowered after 10—15 years of smoking ces-
sation (the values approach those of non-smokers)
[4]. This may explain the results of the study.
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This study demonstrated that the influence of
smoking on the probability of CAD increased if
other risk factors were present. Thus, smoking
more than doubled the probability of CAD (in
comparison to values in non—smokers) in case the
examined individuals had depression and hyper-
triglyceridemia. Besides, it 1.5 times increased the
probability of CAD in males aged > 50, with hy-
percholesterolemia and lack of higher education.
Former smokers were almost 3 times more likely to
have CAD than non-smokers, even with hypergly-
cemia. An important conclusion of this study was
that smoking cessation is associated with a lower
probability of CAD mainly in men aged > 50, with
a lack of higher education and depression. This is
a one-stage study, which does not allow for a pos-
sibility to discuss similar effect of the interaction
between these factors and smoking on the risk of
CAD development. In the meantime, the results are
consistent with other studies that have shown that
age, depression, glucose and cholesterol levels, ex-
cessive alcohol consumption, etc. are independent
adverse factors in terms of CVD risk [1, 5-7].

The study “The Effect of potentially modifiable
risk factors associated with myocardial infarction
in 52 countries” (INTERHEART) showed that psy-
chosocial factors account for 32% of the overall risk
of developing MI, which is comparable to smok-
ing [8]. Based on data from 53 separate studies and
4 meta-analyses, the American Heart Association
concluded that depression is a predictive adverse
risk factor for both general and cardiovascular mor-
tality, as well as non-fatal cardiovascular events in
both men and women [8]. A prospective study (Car-
diovascular Health Study) involving 4,493 patients
with a 6-year follow-up demonstrated the associa-
tion between the increase in depression and the risk
of developing CAD.

Thus, the risk of developing CAD was 1.15 per
every 5 units of increase in the average depression
score [7]. In addition, there are studies that indicate
that CAD may potentiate depression. An observation-
al study conducted by the Women's Health Initiative
found that postmenopausal women with established
CAD risk factors (smoking, obesity, and DM) had a
higher risk for concomitant depression after adjust-
ment for age, race, education, and income [9].

There are several mechanisms that can pos-
sibly link depression and CAD, such as hypotha-

lamic-pituitary-adrenocortical system dysfunction
and increased cortisol levels, platelet activation;
proinflammatory cytokines, and genetics [10]. In
addition, bad habits and lifestyle associated with
depression, such as smoking, excessive alcohol
consumption, lack of physical activity, unhealthy
diet, lack of social support, and poor compliance
are associated with the risk of developing CAD [6].

According to available data, the effect of glucose
levels on the risk of developing CVD among wom-
en and men is not the same. In the publication by
P.W.F. Wilson et al. [11], the analysis of the Fram-
ingham study concluded that the frequency of CVD
was associated with blood glucose levels in women
without diabetes, while no such association was ob-
served in men. S.V. Ahn et al. [12] in the longitu-
dinal 11-year follow-up study of 159,702 individ-
uals demonstrated that the relative risk of CAD in
women increased in the pre-diabetes glucose range,
whereas in men the risk increased solely with dia-
betes glucose level. The reason why hyperglycemia
in women leads to a higher risk of CAD is unclear.
Several mechanisms can explain this phenomenon.
Hyperglycemia may have a stronger additive or
synergistic effect if coupled with obesity, AH, hy-
percholesterolemia, and smoking in women [12].

Additionally, a high concentration of glucose
increases oxidative stress, causing overproduction
of the superoxide radical in the mitochondria [13].
The role of oxidative stress in production in the
mitochondria causes further deterioration of endo-
thelial function (endothelial dysfunction) and sub-
sequent changes in vascular wall morphology [14].
Fluctuations in the glucose level can have a big
impact on the activation of neutrophils, platelets,
and cytokines. Abnormal activation of neutrophils
and platelets is the main determinant of vascular
catastrophes in patients with diabetes, contributing
to high inflammatory reactions and high frequency
of thrombotic events [15]. A recent study has also
shown that sudden fluctuations in glucose levels can
increase levels of interleukin-6, tumor necrosis fac-
tor-a, and intercellular adhesion molecule-1, lead-
ing to cardiovascular damage [16].

CONCLUSION

Thus, this study demonstrated high frequency of
smoking as one of the leading risk factors for de-
veloping CVD. Smoking alone is not the primary
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risk factor of CAD in the study sample, however, in
the presence of additional risk factors, the impact of
smoking increases. In this regard, criteria, such as
male sex, lack of higher education, age, depression,
and carbohydrate and lipid metabolism disorders,
are unfavorable.
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ABSTRACT

Aim. To prevent infectious processes in the area of a recipient wound in free skin grafting with a split-graft.

Materials and methods. A method was developed for immobilizing bacteriophages in the area of split-thickness
skin grafts through transferring a solution containing bacteriophages into a gel form. Microbiological and clinical
studies of the effectiveness of the proposed method were performed.

Results. The viability of bacteriophages in a gel dressing for up to 4 days was confirmed, as well as the reduced
likelihood of local infectious complications in skin grafting.

Conclusion. The gel composition containing bacteriophages allows for a quick response to changes in current
hospital microflora to effectively counteract the dangers of nosocomial infection.
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PE3IOME

Heas. [Tpodpunakrika HHGEKIMOHHOTO Mpoliecca B 001aCTH PELUIIMSHTHOW PaHbl IPU CBOOOJHON KOXKHOM I1a-
CTHKE PACILETIEHHBIM TPAHCIUIAHTATOM.

Marepuabl 1 MeTOabI. Pa3paboTaH crmocod MMMOOHITH3AINN OaKTeprodaros B 00JIaCTH ayTOIEPMOTPAHCILIaH-
TaTa IMyTeM MepeBoJia PacTBOPa, CoJepKaIiero bakrepuodaru, B reieByro Gopmy. BrimonHeHB! MUKPOOHOTIOTHYC-
CKHE U KIMHIYECKHE HccieoBaHus 3P (HEKTUBHOCTH MPEIOKEHHOTO CIIOCO0a.

Pe3yanTatsl. [lonTBepskaeHa )KH3HECTIOCOOHOCTH OakTepro(haroB B reJeBoi MOBS3KE B CPOKHU JI0 4 CYT U CHUKE-
HHE BEPOSTHOCTU PAa3BUTHS MECTHBIX HH(EKIIHOHHBIX OCIOXKHCHUH NP KOKHON IIITACTHKE.

3akuouenue. ['eneBas KOMIO3UIMS, colieprKaias OakTeprodary, No3BOJISET ONEPATHBHO PEarupoBaTh Ha H3Me-
HEHMS aKTyaJIbHOM TOCIUTAIbHOI MUKPO(IOpH! 1 3G (PEKTUBHO MPOTHBOACHCTBOBATh OMACHOCTH HO30KOMHUAJIb-
HOT'0 MHOUIIMPOBAHHUS.

KunaroueBble cioBa: 6akreprodaru, cBoOOIHAS KOXKHAS TIACTHKA, PACIIETUICHHBIN TPAHCIUIAHTAT, PAHEBBIE OC-
JIOKHEHUsI, MUKpodIIopa.

KOHq).]'IPlKT HUHTEPECOB. ABTOpBI JACKIIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C r[y6nm<aunel71 HaCTOSIH_[eI\/‘I CTaTbHU.

Hcrounnk ¢puHaHCHpOBaHHSA. ABTOPHI 3aBIAIOT 00 OTCYTCTBHH (PUHAHCHPOBAHHS.

CooTBeTCTBHE MPUHIUNAM 3THKH. Bce nmanueHTs! noanucany “HGOPMUPOBAHHOE COTJIacHe Ha ydacTHE B HC-
cnenoBaHuu. MccnenoBanne 0JJ00OpEHO JTOKAIBHBIM STHYECKHMM KOMUTETOM [IpHBOIDKCKOTO HCCIEA0BATEIBCKOTO
MEIUIMHCKOTo YHUBepcHuTeTa (mpoTokoa Ne 1 ot 27.02.2018).

Jns nurupoBanusi: becuactnor B.B., PsoxoB M.I'., IOnanoBa T.H., [1aBnenko W.B., JleontseB A.E., Tymy-
noB A.A., Kuana B.B. HoBast Bo3MokHOCTh mpuMeHeHUsI 6akTeprodaros s MpoGuIaKTHKH HHEKITHOHHBIX
OCTIO)KHEHHH TIPU CBOOOIHON KOKHOHU TTacTuke (OakTeprodaru mpu KOXKHOW TUTACTHKE). Broiemens cubupckotl

meouyunwv. 2021; 20 (1): 16-22. https://doi.org: 10.20538/1682-0363-2021-1-16-22.

INTRODUCTION

The number of patients who need plastic surgery
to close soft tissue defects is steadily increasing. The
relevance of the problem of closing soft tissue de-
fects is explained both by an increase in frequency
of military, domestic and man-made injuries, and
by the growing level of technology in the field of
vascular surgery, which ensures limb preservation
in obliterating vascular diseases, including the
presence of trophic ulcers of soft tissues [1].

Plastic closure of a skin defect with a split-thick-
ness graft is one of the most common operations
because of its relative safety and technical simplici-
ty. However, one of the limiting factors is high sen-
sitivity of the graft to the development of infection.
This is determined by high prevalence of hospital
flora with high virulence and antibiotic resistance,
as well as by the technical peculiarities of these
operations. The graft on recipient wounds is fixed
by a multilayer bandage for a period of up to 4-7

days. Lack of light, nutrient availability, liquids,
and favorable temperature regime create ideal con-
ditions for the growth and proliferation of micro-
organisms under the bandage. During the first 4-5
days, the graft feeds only due to the diffusion of
oxygen and nutrients from the vessels of the recip-
ient wound and does not have its own vascular net-
work, which makes it nearly defenseless against mi-
croorganisms [2].

The aim of the study was to prevent an infectious
process in the area of a recipient wound in free skin
grafting with a split graft, which is one of the fun-
damental conditions for an uncomplicated course of
the early postoperative period.

To achieve this goal, it is necessary to solve two
problems: to choose an agent capable of overcom-
ing antibiotic resistance of the hospital flora and
to maintain its concentration under the dressing,
taking into account the need for minimal mechan-
ical and chemical effects on the graft. Currently, to
overcome the phenomenon of antibiotic resistance,
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the possibility of using bacteriophages is being ac-
tively studied [3].

The basic principle of the treatment for infec-
tious processes using bacteriophages was formula-
ted by F. D’Hérelle, the discoverer of this type of
viruses, as follows: “The bacteriophage should be
introduced into the body in such a way as to realize
the fastest and most intimate contact of it with bac-
teria to be destroyed” [4]. To create and maintain
a high concentration of bacteriophages around the
graft, we used modern wound dressings developed
by the Russian company “Novye Perevyazochnye
Materialy” LLC (Moscow).

MATERIALS AND METHODS

To protect the graft from hospital infection, a
method of local application of bacteriophages has
been developed [5]. Previously, the method of
retrospective analysis identified the actual hospi-
tal microflora, which is the cause of local wound
complications in skin grafting. Using commer-
cially available specimens of bacteriophages,
a set to which the identified hospital pathogens
are sensitive was prepared. Then a dressing with
the selected bacteriophages was created for the re-
cipient wound. To immobilize the bacteriophages,
the solution in which they are located was trans-
ferred into a gel state, which was then applied to
the graft.

The blank for the dressing is a film made of poly-
vinyl alcohol, a hydrophilic biocompatible poly-
mer, which is a suitable matrix to immobilize bio-
active substances [6]. The polymer film contains a
phosphate buffer to create an acid-base medium (pH
6.6 + 7.8) optimal for bacteriophages. The thickness
of the film is 40 microns, but when adding a solu-
tion with bacteriophages, the film absorbs it, swells
within 30-60 seconds and transforms into gel with
formation of a gel plate.

The method was carried out in the following
way. Split skin grafting was performed. After fix-
ing the graft on the recipient wound, a bandage was
prepared intraoperatively. To achieve this, 0.05—
0.2 ml/cm? solution of bacteriophages, to which the
identified hospital pathogens were sensitive, was
added to the film of polyvinyl alcohol. As a result,
the film and solution transformed into a gel plate.
Then, the graft and recipient wound were covered
with the resulting gel plate.

To control the viability and efficiency of bac-
teriophages immobilized in a gel dressing, bac-
teriological studies were performed in vitro and
in vivo. In the in vitro study, a gel plate contai-
ning bacteriophages was obtained by the proposed
method. The inability and bioavailability (release)
of bacteriophages from the gel dressing were deter-
mined on the lawns of the Staphylococcus aureus
test strain.

In the Petri dish with a lawn of the of Staphy-
lococcus aureus test strain, as a matter of control,
a drop of a solution containing bacteriophages
was applied (control 1), as well as a sample of the
wound coating produced by applying a physiolo-
gical solution onto the film (control 2), and a proto-
type wound coverage of 1 cm?, obtained by apply-
ing a bacteriophage solution onto the film. It was
then incubated at 37 °C, the results were assessed
visually after 24 hours and by the presence or ab-
sence of lysis zones. To determine the duration of
the viability period of bacteriophages in the gel, its
samples of 1 cm? were applied to the lawns of test
cultures 48, 72, and 96 hours after the formation of
the gel plate.

In clinical practice, the proposed method
was used after performing split skin grafting
in 25 patients with chronic soft tissue wounds.
All patients participating in the clinical study
signed an informed consent to do this, and the
study was carried out in accordance with the
requirements of the Declaration of Helsinki
of the World Medical Association (as revised
in 2013).

The criterion for the inclusion of patients in the
study was the state of the recipient wound surface,
estimated at 16—17 points on the scale of wound
readiness for free split skin grafting [7]. The con-
trol group consisted of 108 patients with chronic
soft tissue wounds who underwent split skin graft-
ing in the period 2014-2017. The viability and bio-
availability (release) of bacteriophages from the
gel dressing in vivo was determined in 4 patients
the experimental group. In these patients, bacterio-
phages with sensitive test strains of Staphylococcus
aureus were used as an active antibacterial agent.
At the first dressing, the gel covering the graft
was collected with a sterile spatula and applied to
a Petri dish with the lawn of the Staphylococcus
aureus test strain. The criterion for the effective
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prevention of infectious processes in the graft area
was considered to be a decrease in the frequency of
local inflammatory complications.

Statistical analysis of the obtained data was
carried out by Statistica 10.0 software. Fisher’s
exact method was used to assess the statistical
significance of differences when comparing quali-
tative effects in pairs of distributions. The critical
value of the significance level was equal to 5%
(p <0.05).

RESULTS

In a retrospective analysis of the microbiolog-
ical research data, the control group of 108 pa-
tients demonstrated local purulent-inflammatory
complications in 24 cases (22%) after free split
skin grafting. These complications were repre-
sented by lysis and purulent fusion of the graft and
were associated with the presence of Streptococcus
pyogenes in the wound (5 cases) and non-fermen-
ting gram-negative bacteria, such as Pseudomonas
aeruginosa (6 cases), Acinetobacter spp. (4 ca-
ses). According to the manufacturer (“Microgen”
of the Ministry of Health of Russia), the ability to
lyse strains of Staphylococcus aureus, Pseudomo-
nas aeruginosa, Streptococcus, Escherichia coli,
Proteus mirabilis, and Klebsiella pneumoniae is
possessed by the commercial official drug “Poly-
valent pyobacteriophage”, which was chosen as an
anti-infective agent to protect the split skin graft.
The treatment group had 1 (4%) case of purulent
fusion in a part of the graft (p = 0.045).

When analyzing the results of the bacteriologi-
cal studies in vitro, a “negative colony” appeared in
the place of a phage drop (control 1), that is, a lysis
zone (complete suppression of the visible growth of
a microorganism) (Fig. 1). The same lysis zone was
discovered in the gel containing the phage. In the
gel region containing the saline solution, the lysis
zones were not detected. The lytic properties of bac-
teriophages were retained 48, 72, and 96 hours after
the formation of a gel plate from the bacteriophage
solution (Fig. 2).

A clinical example of using the proposed meth-
od is described below.

Patient K., born in 1962, was admitted to the
department of purulent surgery of the City Clinical
Hospital No. 30 in Nizhny Novgorod on January
16, 2019 with the following diagnosis:

Fig. 1. Petri dish with negative colonies (lysis zones) on tthe

lawns of Staphylococcus aureus test strains: I — in the places

where the bacteriophage solution was applied (control); 2 — in

the places where the gel obtained from the in vitro bacteriop

hage solution was applied (gel exposure — 24 hours); 3 — the

absence of lysis zones in the area where the gel obtained from
sterile saline solution was applied

Fig. 2. Petri dish with negative colonies (lysis zones) on

the lawns of the Staphylococcus aureus test strain: / — in

the places where the bacteriophage solution was applied

(control); 2 — in the places where the gel obtained from the

bacteriophage solution was applied (gel exposure — 96 hours),
in vitro

Decompensated type 2 diabetes mellitus (target
HbA[1 level < 7.5%). Diabetic polyneuropathy, sen-
sorimotor form. Diabetic foot syndrome, neuroisch-
emic form, Wagner II, condition after amputation
of IV-V toes of the left foot dated 12.06.2018.
Ischemic heart disease: atherosclerotic cardioscle-
rosis. hronic heart failure I A (FC II). Stage II arte-
rial hypertension, 2™ degree. Risk 3. Dyslipidemia.
Grade 2 obesity.

On the lateral surface of the left foot, a 3 X 4 cm
wound was formed, about 0.4 cm deep. Microbiolo-
gical investigations revealed the presence of wound
exudates, therein an association of Pseudomonas
aeruginosa and Proteus mirabilis 10" CFU/ml.
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After the transition of the wound process to phase
IT and the elimination of microorganisms from the
wound, it was decided to close the chronic wound
of the lateral surface of the left foot with a free split
skin graft. A bacteriophage solution was prepared
(“Polyvalent pyobacteriophage”), which, according
to the bacteriological analysis, hospital pathogens
were sensitive to. Bacteriophages were kept in a
liquid medium in 20 ml vials.

On 19.01.2019 free split skin grafting was per-
formed with a 0.3 mm thick split flap, which was
taken from the antero-lateral surface of the left
thigh. After fixing the split skin graft, a bandage for
the recipient wound was prepared intraoperatively.
To achieve this, 10 ml of the “Polyvalent pyobacte-
riophage” solution was applied onto a 10 X 10 cm
film made of polyvinyl alcohol and containing a
phosphate buffer with a pH (6.6 +7.8) in the amount
of (1+3) x 10”° mol/g. As a result, a gel plate was
formed. Then, the graft and the recipient wound
were covered with the obtained gel plate (Fig. 3).
Aseptic dressings were applied onto the gel plate
and then removed after four days (Fig. 4).

At a visual examination, the graft was viable,
fixed to the recipient wound, and covered with a thin
layer of gel. There were no signs of an infectious
process. The gel was collected with a sterile spatula
and applied to a Petri dish with a test culture. After
a day of exposure, transparent lysis zones of the test
culture were revealed in the area of gel application
(Fig. 5), which indicates the presence of a bacte-
riophage with lytic activity ++++ (4 plus points)
in the gel.

Fig. 3. Gel containing a bacteriophage is applied
to the graft

Fig. 4. The 4" day after free split-thickness skin grafting.
The graft is viable and coated with gel

Fig. 5. Petri dish with negative colonies (lysis zones) on the

lawns of the Staphylococcus aureus test strain: / — in the

places of applying a fresh solution containing bacteriophag

e (control); 2 — in the places where the gel obtained from a

bacteriophage solution and located on the wound in the form
of a bandage for 4 days was applied

DISCUSSION

Currently, the following basic bacteriophage
properties determining feasibility of their use in the
prevention and treatment of surgical infection can
be distinguished [3]:

— lack of influence on the physiological micro-
flora;

— stimulation of specific and non-specific immu-
nity factors;

— possibility of being used in patients with aller-
gic reactions to antibiotics;
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— full compatibility with any drugs;

— lack of toxic and teratogenic effects.

Traditional topical application of bacteriopha-
ges 1s maintaining a moist environment around the
wound by irrigating the wound and dressing with
a solution containing bacteriophages [4]. Taking
into account that as gauze dressings become dry,
bacteriophage activity decreases sharply, it is nec-
essary to periodically and abundantly moisten dres-
sings with a bacteriophage solution. There is also
a need to change dressings frequently, which leads
to the misuse of resources and does not provide
graft rest.

In order to simplify the application technology
and lengthen the period of bacteriophage activity
on the wound surface, foreign and domestic resear-
chers are actively searching for technologies that al-
low bacteriophage immobilization in the structure of
polymer carriers. Modern technologies [8] propose
a method of covalent bacteriophage immobiliza-
tion on a nanostructured support in the form of non-
woven nanofibrous material of polycaprolactone. In
this case, bacteriophages are located in a given
position: the capsid is firmly bound to the carrier,
and the tail remains free, which allows them
to actively influence bacteria. In another study [9],
with the aim of industrial production of wound
dressings with bacteriophages, the effect of the type
of polymer matrix on the activity of bacteriophages
immobilized in the structure of coatings by intro-
ducing a polymer into a solution and subsequent
drying by different methods was investigated.

The best results were obtained by the authors
when staphylococcal and Pseudomonas phages
in the structure of the polymeric biodegradable
dressings of polyester bromide were immobilized
using freeze-drying. However, a fundamental dis-
advantage inherent in all methods of industrial im-
mobilization of bacteriophages on a bandage is that
it is impossible for a surgeon in an operating room
to select a bacteriophage for the pathogen that is
relevant in a given medical organization, taking into
account the sensitivity of a particular strain of a mi-
croorganism.

In addition, it is necessary to solve the technical-
ly difficult problem of preserving the bacteriophages
viability during creation, transport, and storage of
the dressing. In the following study [10], it is pro-
posed to apply a solution containing bacteriophages

onto a collagen hemostatic sponge and then cover
the graft with it. However, it is known that a col-
lagen sponge contains boric and acetic acid, and
in an acidic medium, bacteriophages are inactiva-
ted, because their maximum activity is manifested
at pH from 6.6 to 7.8 [4].

Thus, to date, the search for an effective and
inexpensive way to counter the danger of noso-
comial infection has not led to success. Modern
microbiological laboratories provide the surgeon
with accurate information about the actual hospital
microflora and its sensitivity to antibacterial drugs
and have methods for determining the sensitivity of
microflora to bacteriophages and selecting an effec-
tive bacteriophage for the conditions of a particular
medical organization. The possibility of prophylac-
tic use of bacteriophages under these conditions to
prevent an infectious process caused by nosocomial
microorganisms becomes real.

CONCLUSION

Thus, the problem of bacteriophage immobiliza-
tion with the preservation of their function in the
skin grafting area for a period of up to 4-5 days has
been solved. The gel composition created ex tempo-
re and containing bacteriophages makes it possible
to quickly respond to changes in the actual hospi-
tal microflora and effectively counteract the danger
of nosocomial infection.
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ABSTRACT

Background. The main purpose of the Her2/neu status determination in clinical practice is to determine the
indications for the appointment of targeted therapy. The main methods for detecting the Her2/neu status are the
immunohistochemical method (IHC) and the fluorescence in situ hybridization (FISH); however, despite their
widespread use, they have a number of significant disadvantages. Over the past few years, radionuclide diagnostics
using a new class of alternative scaffold proteins that meet all the requirements for optimal delivery of radionuclides

to tumor cells has become widespread.

Aim. To study the possibility of clinical use of a radiopharmaceutical based on technetium-99m-labeled target

molecules for the diagnosis of breast cancer with the Her2/neu overexpression in humans.

Materials and methods. The study included 11 patients with breast cancer (T, N, ,

organs were performed 2, 4, 6 and 24 hours after injection.

Results. Radiochemical yield, radiochemical purity and activity before administration were (80 + 4)%,
98 + 1)%, and (434 + 19.5) MBq, respectively. The greatest uptake by normal organs was ob-
served at a time interval of 6 hours in the kidneys and at a moderate activity in the liver and lungs at the
same time interval. The organ with the highest absorbed dose was the kidneys; significant accumula-
tion was also detected in the adrenal glands, gallbladder, liver, pancreas, and spleen. The smallest accu-
mulation of the studied drug was observed in the brain (0.001 + 0.000) mGy and skin (0.001 + 0.000) mGy.
The effective dose was (0.009 + 0.002) mGy. The difference between tumors with positive and negative Her2-neu
expression was found at all time points. In this case, the best indicator was determined after 2 hours of drug injec-

tion (p < 0.05).

Conclusion. Based on the results obtained, it can be indicated that the investigated radiopharmaceutical can be

considered as a new additional method for the diagnosis of Her2-positive breast tumors.

Key words: alternative scaffold proteins, radionuclide diagnostics, Her2/neu, breast cancer, targeted therapy.
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M,) before systemic therapy:
5 patients with Her2/neu overexpression; expression of the marker was not detected in 6 patients. In all cases,
morphological and immunohistochemical studies were performed. In case of Her2/neu 2+, FISH analysis was
performed. The radiopharmaceutical was prepared immediately before administration, after which it was slowly
injected intravenously into the patient. Scintigraphic studies in the “WholeBody” mode and SPECT of the chest
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BO3MOKHOCTU PagUOHYKAUAHOMN ANAarHOCTUKU Her2-no3sMTMBHOro paka
MO/IOYHOM Ke/1e3bl C UCMO/Ib30BaHUEM MeYEeHHbIX TeXHeLuemM-99m TapreTHbIX
MO/IEKY/I: EPBbI ONbIT KAMHUYECKOrO NPUMEHEHUA

BparunHa O.4." 2 YepHoB B.I."? Fap6ykos E.10., lopoweHko A.B.', Bopob6beBa A.l.>3,
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PE3IOME

AKTyalIbHOCTB. [ J1aBHOH 11e71bI0 ompeseseHus cratyca Her2/neu B KJIMHHYECKON NMPAKTHKE MPEKIE BCEro SiB-
JsIeTCs M3MepeHHe MOKa3aHUH Ui Ha3HaYeHus TapreTHoi Tepanuu. OCHOBHBIMH METOJAMHU BBISIBIICHHUSI CTaTyca
Her2/neu siBisitOTCS MIMMYHOTUCTOXUMHYECKHN MeTox 1 (uiyopectenTHas rubpunusanus in situ (FISH). Hecmo-
Tps Ha PacNpOCTPAaHEHHOCTb, OHU UMEIOT DS/ CYLIECTBEHHBIX HEIOCTATKOB. B TeueHne mocieHuX HECKOIBKHUX
JeT 6OJIBIIOE PACTIPOCTPaHEHHE TPHOOPETAET PaJUOHYKINHAS ANATHOCTHKA C UCIIOIb30BaHHEM HOBOTO Kilacca
aJbTEPHATUBHBIX KAPKACHBIX OENIKOB, OTBEYAIOIIX BCEM TPEOOBAHHSAM JUIS ONITHMANILHOM J1OCTaBKU PaJUOHYKIIHIA
K OITyXOJIEBBIM KIJIETKAM.

Heas. M3yuenne BO3MOKHOCTH KIMHIHYECKOTO HCIIOJIB30BaHUS pagrodapManeBTHIECKOro npenapara Ha OCHOBE
MEUYEHHBIX TEXHEIUEM-99m aJpecHBIX MOJIEKYI /I JUArHOCTUKU paKa MOJIOYHOM JKENe3bl ¢ THIIEPIKCIPECCUei
Her2/neu y denoBeka.

Matepuanesl u mMeToabl. B nccnenosanue Bkmouens! 11 6onbHBIX pakom monownoi xenesst (T, N, M) no
MIPOBEICHMS CHCTEMHOM Tepaluy: IATh YeJI0BEK ¢ ruepakcnpeccueii Her2/neu; y mectepsIx SKCIpecchs MapKepa
BBIsIBJICHA He ObL1a. Bo Beex cirydasix BBITOIHSIOCE MOP(OIOrHiecKoe 1 HUMMYHOTHCTOXHMHUYECKOE HCCIIeJOBaHNUE.
IMpn vammuny 3nagenus Her2/neu 2+ npoBoamicst FISH-anamms. [Ipenapat roToBuicss HEOCPEACTBEHHO TIE€PE
MaHUITYJSIIUEH, [T0CNIe Yero MEUIEHHO BHYTPHBEHHO BBOAMIICS ManueHTy. CIUHTHTpadUuecKue NCCIeTOBAHMS
B pexxume WholeBody n ognodoroHHas sMuccHOHHAS KOMIBIOTEpHast ToMorpadus OpraHoB IPYAHON KIETKH
BBINIOJIHSUIUCH uepe3 2, 4, 6 u 24 4 nociie BBEACHUSI.

Pesyabtarsl. [Tokazarenu pajHoXHMMHYECKOTO BBIXOJA, PAJHOXUMHUYCCKON YMCTOTH M aKTUBHOCTH IIpenapara
HETIOCPEICTBEHHO mepen BBeaeHneM coctaBmwin (80 + 4)%, (98 + 1)% u (434 + 19,5) MBk coOTBETCTBEHHO.
HauGonpmmit 3aXBaT HOPMaJBHBIMM OpraHaMH OTMEYaJiCsi Ha BPEMCHHOM OTpe3Ke B 6 4 B MOYKaX; yMEpEHHas
AKTUBHOCTB — B [ICYEHH U JIETKHUX Ha TOM K€ BpEMEHHOM IpoMexyTke. 3yuenue 103 abcopOiuu npenapara moka-
3aJ10, 4TO OpraHoM ¢ HaubouibLIeit abcopOuueit H3y4aeMoro COeAMHEHHUS SBISUIUCH OYKH; 3HAYUTENIbHAS aKKyMY-
JISILHSL OTIPE/ISISIIACH TAKKE B HAJIIOYEUHHUKAX, )KSITYHOM ITy3bIpe, MICUCHH, TTOKETY0YHOM XKele3e U Cele3eHKe.
HammMensbiee HakoIUIeHHE M3y4aeMOro mpenapara oTMedanocsk B ronoBHoM mosre (0,001 + 0,000) mI'p u xoxe
(0,001 + 0,000) mI'p. DddexruBHas go3a mpu 3ToM coctaBuia (0,009 + 0,002) mI'p. Paznuune Mexay omyxoasmMu
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C MOJIOXKUTENILHON U OTPUIIATEIbHOM dKcnpeccueii Her2-neu ObLIO BBISIBICHO Ha BCEX BPEMEHHBIX TOoYKax. Hawm-
JYYIINHA IOKa3aTeb IPU 3TOM OIpeessuIcs Yepes 2 4 MHbEeKIUH npemnapata (p < 0,05).

3akaouenue. Ha ocHOBaHMU IMOJTyYEHHBIX PE3yJIbTATOB MOXKHO CBUAETEIBCTBOBATH O TOM, YTO HCCIIETYEMBIi
panuohapMaIieBTUUECKIIA TPenapaT BO3MOXKHO PACCMATPUBATh B KAYECTBE HOBOTO JOTIOJIHUTEIBHOTO METO/IA JIH-
arHocTHKU Her2-no3uTuBHLIX O1yXxoJieil MOJIOYHOH JKeJe3bl.

KiroueBble cioBa: anbTepHaTUBHBIE KapKacHbIE OCIKH, PaAHOHYKINAHAS AMarHocTuka, Her2/neu, pak MOIOYHOM
JKeJe3bl, TapreTHas Tepanusl.

KOHQ).]IHKT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C l'[y6J'[HKaHPI€I71 HaCTOS{H.[efI CTaTbHU.

Hcrounuk c¢unaHcupoBanusi. Pabora BBIIONHEHA B paMKax TpaHTa MUHHCTEPCTBA HAYKH W BBICIIETO
obpa3zoBaHus 1Mo Teme «Pa3paboTka TapreTHBIX MOJEKYNI HAa OCHOBE KapKacHBIX O€NKOB ISl JHAaTHOCTUKU W
Tepanuy 3J0KaYeCTBEHHBIX HOBOOOPa30BaHMI: TepaHOCTHUECKHI Toaxoa» (cornmamenue Ne 075-15-2019-1925).

CooTBeTcTBHE NPUHUUNAM 3TUKH. Bce maunueHts! nmoamucany MHOOPMHPOBAHHOE COIJIACHE HA Yy4yacTue
B HccnenoBanuu. VccnenoBanue onodpeno Ouostuueckum komuteroM HUUM onkonoruum Tomckoro HUMIL
(nportokos Ne 9 ot 01.09.2020).

s uutupoBanus: bparuna O.[., Yepnos B.U., ['apOykos E.1O., lopomenko A.B., Bopo6seBa A.I'., Opio-
Ba A.M., TonmmaueB B.M. Bo3MoxHOCTH paguoHYyKIHIHON THarHOCTUKK Her2-mo3uTHBHOTO paka MOJIOYHOU Ke-
JIe3bI C HCTIOIh30BAaHUEM MEUCHHBIX TEXHEIUEM-99m TapreTHBIX MOJIEKYJI: IEPBBIil OBIT KIMHIHYECKOTO IPHMEHe-
Hus. bronnemens cubupckoi meouyunst. 2021; 20 (1): 23-30. https://doi.org: 10.20538/1682-0363-2021-1-23-30.

INTRODUCTION

Receptors of the epidermal growth factor fami-
ly or EGFR (ErbB1/HERI1, ErbB2/HER2, ErbB3/
HER3, ErbB4/HER4) play an important role in the
functioning of normal and tumor cells, responsible
for the processes of cell division, differentiation,
proliferation, migration, and apoptosis [1, 2]. The
main attention of researchers is paid to the study of
one member of the EGF family — the receptor for
epidermal growth factor 2 (Her2/neu), the overex-
pression of which is detected in 15-20% of invasive
breast cancer cases and is characterized by a poor
prognosis and aggressive course of the tumor pro-
cess [3, 4].

Establishing the Her2/neu status in clinical prac-
tice is primarily necessary to determine the indica-
tions for the appointment of targeted therapy using
drugs, such as trastuzumab, pertuzumab, and trastu-
zumab emtamzine in combination with chemother-
apy or in mono-mode, which significantly improves
survival rates in patients with overexpression of
this marker [5, 6]. The main methods for diagnos-
ing the Her2/neu status include immunohistochem-
ical method and fluorescence in sifu hybridization
(FISH). Significant disadvantages of these tech-
niques are the following: the impossibility of per-
forming an in vivo study to determine the spread of
a tumor process; the evaluation of cases associated

with heterogeneity of the Her2/neu receptor expres-
sion in tumor tissue; the need to perform invasive
procedures (biopsy and (or) surgery), as well as
possible differences in expression of the marker in
the primary tumor and metastatic foci [7, 8].

The ongoing search for new effective agents has
contributed to the development of molecular con-
structs that are alternative to the binding domains
of antibodies and possess such characteristics as
specific binding exclusively to the “target” antigen,
lack of immunogenicity, stability, and the possibi-
lity of rapid chemical modification during research
[9]. Over the past few years, a new class of alter-
native scaffold proteins (scaffolds) that meet all the
requirements for optimal delivery of a radionuclide
to tumor cells has become widespread [10]. The
undoubted advantages of these constructs include
significantly smaller sizes in comparison with the
standard antibody, stable structure, additional func-
tionalization and expression in the bacterial system,
high thermal stability, and the possibility of direct
chemical synthesis [11].

Currently, targeted radionuclide methods with
high specificity for various molecular targets lo-
cated on the surface of tumor cell membranes and
making it possible to visualize foci of various siz-
es (the primary tumor node and metastatic foci) are
becoming more widespread for the diagnosis of
malignant tumors [12]. Until recently, monoclonal
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antibodies (mAbs) were used as the main compo-
nent of a radioimmunoconjugate [13].

However, the results of studies using mAbs did
not meet the expectations assigned to them and re-
vealed a number of features that significantly limit
their use in clinical practice. Upon careful study, it
turned out that mAbs have significantly reduced ef-
ficiency of interaction with the antigen, suboptimal
pharmacological properties, slow distribution in the
body, poor tissue penetration, and excretion by the
kidneys (due to the high molecular weight of 150
kDa) [14]. The most significant disadvantage is the
high immunogenicity of the used murine mAbs,
which in response to their administration leads to
the formation of neutralizing antibodies and, ac-
cordingly, to the occurrence of hyperimmune reac-
tions and a decrease in the treatment effectiveness
[15]. It became obvious that clinical use requires a
radical modification of mAbs, including the correc-
tion of size, affinity, valence, etc. [16, 17].

One of the representatives of alternative scaf-
folds is ADAPT6, the albumin-binding domains of
streptococcal protein G which are small in size (46—
59 amino acid residues, molecular weight of
5-7 kDa). At the stage of preclinical studies, it
was demonstrated that ADAPT6 labeled with var-
ious radionuclides shows a high contrast image of
Her2-positive tumors in mouse xenografts just a
few hours after injection [18, 19].

The aim of the present study was to investigate
the possibility of clinical use of the *"Tc-ADAPT6
radiopharmaceutical for the diagnosis of breast can-
cer with overexpression of Her2/neu in humans.

MATERIALS AND METHODS

The clinical study was registered (ClinicalTri-
als.gov Identifier: NCT03991260) and approved
by the Bioethical Committee of the Cancer Re-
search Institute of TNRMC. It included 11 patients
with breast cancer (T, N ,M ) before systemic
chemotherapy or targeted therapy: in five people,
Her2/neu overexpression was detected, and in
six individuals, the expression of the marker was
not detected. The average age of the patients was
50.7 £ 2.3 years. All patients signed a voluntary
informed consent with information on the dis-
closure of the data received (clause 3 of article
13 of the Federal Law of the Russian Federation
No. 323-FZ dated 21.11.2011).

The criteria for inclusion in the study were the
following: newly diagnosed and morphologically
verified breast cancer (T, N, .M )); the general
condition of patients with 0-2 score according to
the ECOG/WHO system; signed informed consent
of the patient to participate in the research. Exclu-
sion criteria were the presence of severe anemia,
leukopenia, thrombocytopenia, sepsis, cachexia,
severe concomitant pathology, claustrophobia, and
refusal from treatment.

All patients were under dynamic observation for
48 hours after the administration of the radiophar-
maceutical (RP) with an assessment of complaints,
heart rate (HR), blood pressure (BP), and body tem-
perature at various time intervals (before the admin-
istration of the drug, after 2, 4, 6, 24, and 48 hours
after the injection). Additionally, all patients un-
derwent laboratory tests (complete blood count and
biochemistry and general urine analysis before the
administration of the test compound, after 48 hours
and 7 days) in the laboratory of the Cancer Research
Institute of TNRMC.

Morphological research methods. In all cases, a
morphological and immunohistochemical study of
the biopsy material of the primary tumor was per-
formed according to standard methods in the La-
boratory of General and Molecular Pathology of the
Cancer Research Institute, TNRMC. Diagnosis of
breast cancer was established according to the “His-
tological classification of breast tumors” (World
Health Organization, 2019). Immunohistochemical
study of the biopsy material was carried out using
antibodies from Dako (USA) to the oncoprotein
c-erbB-2 (working dilution 1 : 500, rabbit). When
evaluating the results, cases with no staining or with
weak, intermittent membrane staining (categories 0
and 1+) were considered negative, and cases with
strong staining of the entire cytoplasmic membrane
of more than 10% of tumor cells (categories 3+)
were positive. In the presence of weak to mode-
rate staining of the entire cytoplasmic membrane of
more than 10% of tumor cells (category 2+), all pa-
tients underwent FISH analysis.

FISH analysis was performed using an ERB-
B2(17q12)/SE17 DNA probe (Kreatech, USA);
the reaction result was evaluated using an Axiostar
PLUS fluorescent microscope (Carl Zeiss, Ger-
many). The test results were considered positive
when the ratio of the average copy number of the
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Her2/neu gene and the average number of chromo-
some 17 centromeres in the cell was more than 2.2.
Radionuclide research methods. The drug was
prepared immediately before administration in the
Department of Radionuclide Diagnostics of the
Cancer Research Institute of TNRMC according
to the tricarbonyl method using the CRS Isolink
kit (Center for Radiopharmaceutical Science, Paul
Scherrer Institute, Villigen, Switzerland) [20].

To achieve the goals under aseptic conditions,
the CRS Isolink kit (2.9 mg sodium tetraborate deca-
hydrate, 7.8 mg sodium carbonate, 4.5 mg disodium
boranocarbonate, and 9.0 mg potassium sodium tar-
trate tetrahydrate) was added with 500 ul (2 GBq)
of eluate *™TcO* and incubated for 30 minutes
at 100° C. Then, 500 pl of tricarbonyl technetium
was added to 500 pg of ADAPT6 and incubated for
60 minutes at 50° C. Purification of the obtained
compound from protein impurities and ADAPT6
molecules not bound to technetium was carried out
using NAP-5 purification columns (GE Healthcare,
Sweden). Radiochemical yield and purity were de-
termined using thin-layer radiochromatography.
Chromatogram analysis was performed using a Hi-
tachi Chromaster HPLC systems chromatograph
with a radioactive detector. The drug obtained af-
ter purification was diluted in 10 ml of sterile 0.9%
NaCl solution, taken through a sterilizing filter and,
after measuring the activity, was slowly injected
into the patient intravenously.

Scintigraphy in WholeBody mode. Scintigraph-
ic studies were performed on an E.CAM 180 gam-
ma camera (Siemens, Germany) in the WholeBody
mode using parallel high-resolution collimators for
the energy of 140 keV in the supine position 2, 4, 6,
and 24 hours after injection at a scanning speed of
12 cm / min.

Single-photon emission computed tomography
was also performed in patients in the supine posi-
tion 2, 4, 6, and 24 hours after drug administration.
The field of view included the neck, axillary region,
and chest to the level of tracheal bifurcation. 32 pro-
jections (each projection was 30 seconds long) were
recorded into a 64 X 64 pixel matrix without hard-
ware magnification.

Data processing and indicators used. During
the study, the obtained data were subjected to
post-processing using the specialized E. Soft soft-
ware package (Siemens, Germany), while the level

of drug accumulation in the main organs and tis-
sues was studied by tracing the region of interest
(ROI) on the WholeBody images in front and rear
projections. The RP biodistribution was presented
as a percentage of its accumulation in the regions of
interest to the total score in both projections.

The nature of the RP accumulation in the study
area was also assessed: symmetry, intensity, unifor-
mity of accumulation; the presence and number of
focal inclusions of the indicator in the studied organ,
regional lymph nodes (asymmetric areas of RP hyper-
fixation were considered pathological); the presence
of other foci of pathological RP inclu- sion within
the study area. In addition, in the study groups, a tu-
mor/background quantitative indicator was calculat-
ed, reflecting the degree of drug accumulation in the
pathological focus in comparison with intact tissues.
The indicator was assessed by tracing the ROI of the
tumor on axial slices with the best visualization of the
latter; symmetric regions of interest of the contralat-
eral mammary gland were used as a “background”.

Statistical processing of the results was carried
out using the Statistica 10.0 for Windows software
package and the nonparametric Mann — Whitney
method. The difference between the two compared
values was considered significant if the probability
of their identity was less than 5% (p <0.05). To cal-
culate the RP absorption dose, the OLINDA/EXM
1.1 software was used with the application of an
“adult woman” model.

RESULT AND DISCUSSION

According to the analysis, the indicators of radio-
chemical yield, radiochemical purity, and activity
of the drug immediately before administration were
(80 £4)%, (98 = 1)%, and (434 £ 19.5) MBq, respec-
tively. During the study, as well as during the obser-
vation period of the patients, no complaints, changes
in HR, BP or temperature were detected. Changes in
blood and urine parameters were also not detected.

The greatest uptake by normal organs was ob-
served at a time interval of 6 hours in the kidneys
((32 £ 9)% / ID / organ). Moderate activity of the
compound was observed in the liver ((2.6 = 0.8)% /
ID / organ) and lungs ((2.0 = 0.6)% / ID / organ) at
the same time interval; the smallest uptake was in
the small intestine at two hours after administration
((0.9+£0.3)% / ID / organ). The results are shown in
Fig. 1 and in Table 1.
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Table 1

The greatest uptake of **"Tc by normal organs on planar
scintigraphy after " Tc-ADAPT6 injection, % / ID / organ

Time period after injection
Organ
2h 4h 6h 24h
Kidneys 27+10 31+ 12 3249 29+ 10
Lungs 33£08 | 25+0.8 | 20+06 | 1.4+0.8
Liver 32+£1.1 | 22+1.1 26+0.8 |24+1.0
Small intestine | 0.8+0.3 | 0.9+0.3 08+0.3 | 06+0.2

4h 6h 24 h

2h ﬂ
N . .
’ .
- @

Fig. 1. Distribution of the *™Tc-ADAPT6 drug in organs

and tissues of a breast cancer patient with positive Her2/neu

expression 2, 4, 6, and 24 hours after injection: anterior and
posterior views (arrows indicate the tumor)

The study of the absorption doses of the *™Tc-
ADAPT6 drug showed that the organ with the high-
est absorption of the studied compound was the kid-
neys, (0.135 £ 0.42) mGy. Significant accumulation
was also determined in the adrenal glands (0.023 +
0.005) mQGy, gall bladder (0.013 + 0.008) mGy, liv-
er (0.011 + 0.008) mGy, pancreas (0.011 = 0.008)
mG@Gy, and spleen (0.011 £ 0.008) mGy. The small-
est accumulation of the studied drug was observed
in the brain (0.001 £ 0.000) mGy and skin (0.001 +
0.000) mGy. The effective dose was (0.009 £ 0.002)
mGy (Table 2).

Table 2

Distribution of **"Tc-ADAPT6 in organs and tissues after
administration in breast cancer patients

Index Absorption dose, mGy
Adrenal glands 0.023 £ 0.005
Brain 0.001 +0.000
Breast 0.007 £ 0.002
Gall bladder 0.013 +0.008
Lower colon wall 0.005 + 0.001

Table 2 (continued)

Index Absorption dose, mGy
Small intestine 0.006 + 0.001
Stomach 0.006 + 0.001
Upper colon wall 0.007 £ 0.001
Heart 0.004 £ 0.001
Kidneys 0.135+0.42
Liver 0.011 £ 0.008
Lungs 0.005 +0.001
Ovaries 0.008 = 0.002
Pancreas 0.011 +£0.002
Muscle 0.003 + 0.000
Red bone marrow 0.004 +0.001
Osteogenic cells 0.006 £ 0.001
Skin 0.001 +0.000
Spleen 0.011 +£0.003
Thymus 0.005 + 0.002
Thyroid 0.009 + 0.004
Bladder 0.012 £0.007
Uterus 0.005 £ 0.001
Whole body 0.004 +0.001
Equivalent effective dose, mSv / MBq 0.017 £ 0.004
Effective dose, mSv / MBq 0.009 £ 0.002
2 hours- 4 hours 6 hours
x
60 »

2

5 x

o X

§ 40 » X -n-

£ ix X

= = X :

g 20 »

=

Herl+ Herl- Herl+ Her2Z- Herl  Herl-

Fig. 2. Tumor / background ratio in patients with positive and
negative expression of Her2</neu at different time points after
drug administration

The difference between tumors with positive and
negative expression of Her2-neu (comparison with
the “background” site in the contralateral breast)
after intravenous administration of *™Tc-ADAPT6
was detected at all time points. In this case, the best
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indicator was determined 2 hours after the drug in-
jection (p < 0.05) (Fig. 2).

CONCLUSION

This study has demonstrated the safety of clini-
cal use, as well as good tolerance of ™ Tc-ADAPT6
in breast cancer patients. The most significant re-
sults were found on drug accumulation in tumor tis-
sue in patients with different Her2/neu expression.
Thus, the revealed differences between Her2-posi-
tive and Her2-negative tumors (p < 0.001) will con-
tribute to the optimization of approaches to the pre-
scription of targeted drugs in oncological practice
in the future. The accumulation of *™Tc-ADAPT6
in tumors with negative expression of the Her2/neu
receptor is explained by the presence of at least 500
thousand receptors on the surface of the tumor cell,
while with a positive status of this molecular pa-
rameter, its expression is up to 10 million receptors
per cell. Similar phenomena are also observed when
using radiopharmaceuticals, the targeting modules
of which are representatives of other classes of tar-
get molecules [21].

Thus, based on the results obtained, it was conclud-
ed that the "Tc-ADAPT6 radiopharmaceutical can be
considered as a new additional method for diagnosing
Her2-positive breast tumors.
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ABSTRACT

The aim. To identify topographic, anatomic, and constitutional features of thoracodorsal and musculocutaneous
nerves of brachial plexus.

Materials and methods. Anthropometry of 45 corpses was carried out to determine height; length of the trunk and
upper extremities; circumference of the neck, thoracic cage, shoulder and forearm; lateral dimensions of shoulders,
thoracic cage and pelvis; anteroposterior size of the thoracic cage; and neck size. Morphometry of all brachial
plexus components (length, thickness of nerves and angles of their origin) was performed after its anatomical
preparation.

Results. The cephalic type of brachial plexus with participation of C4 spinal nerve was found in 7% of cases.
The caudal type with inclusion of Th2 spinal nerve was found in 4% of cases. In 4% of cases, there was no
musculocutaneous nerve, at the same time the shoulder biceps innervates the median nerve. In 93% of cases, the
thoracodorsal nerve originates from posterior secondary bundle along lower posterior surface, in 7% of cases, it is
an axillary nerve branch. Neck circumference is directly correlated with thoracodorsal nerve length: the larger the
neck circumference is, the greater the nerve length is. In females, linear regression equations were derived, which
allow to estimate thoracodorsal nerve length knowing the thoracic cage width.

Conclusion. The length of the thoracodorsal nerve determines the possibility of its transplantation into the
musculocutaneous position. Neck circumference and, in females, the width of the thoracic cage, for reliability,
should be used as external size biomarkers for donor and recipient nerves.

Key words: brachial plexus, morphometry, thoracodorsal nerve, musculocutaneous nerve, transposition.
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AHaTomMMn4yeckoe 060CHOBaHMUe TPaAHCNO3UUUUN TPYAOCNTMHHOIO HEPBA
npu HEBPOTU3ALUUN NOBPEXKAEHHDbIX HEPBOB N/1€4€BOro Cn/1€T€HnA

Fop6yHos H.C."?, Ko6ep K.B.", MpoTaciok E.H.!, Poctosues C.l1.", Camotecos IN.A."

Kpacnospckuii eocyoapcmeennwiii meduyunckuti yhusepcumem (Kpacl' MY) um. npogh. B.®. Botino-Aceneyrkoco
Poccus, 660022, 2. Kpacnospcek, yn. [lapmuzana Kenesmnsika, 1

2 Hayuno-uccnedosamenvckuii uncmumym (HUU) meouyunckux npoonem Cesepa
Poccus, 660022, 2. Kpacnospck, ya. Ilapmuzana Kenesusika, 3u

PE3IOME

Hens. Beisenenne tomnorpado-aHaTOMUYECKUX U KOHCTUTYLHOHAJIBHBIX OCOOCHHOCTEH IPYAOCHMHHOIO U MbI-
II€YHO-KO’KHOT'O HEPBOB IIJICYEBOI'O CIUICTCHUSL.

Matepunaisl 1 MeToabl. [IpoBenena anTpornoMeTpus 45 TpyHoOB € ONpPEEICHUEM pOCTa, JUIMHBI TYJIOBHUIIA U
BEpXHEH KOHEYHOCTH, OKPYKHOCTHU IlIeU, FPyJHOH KIETKH, IUleda ¥ MpeAIieybs, NONEPedHbIX pa3MepoB ILIed,
TPYAHOH KIIETKH U Ta3a, IepefHe3aJHero pa3Mepa TpyIHOH kieTkH, ooxBata men. [Tocie anaroMuueckoro mpe-
MIapHPOBAHUS IJIEYEBOTO CIUICTEHHUS IIPOBEAEHa MOP(HOMETPHS BCEX €0 KOMIIOHEHTOB (JUIMHEI, TOJIIHHEI HEPBOB
U YTJIOB X OTXOXKACHHS).

Pe3yabTartsl. Lledannuecknii THI MI€IEBOTO CIUIETEHHS ¢ yJacTHEeM CIHHaIbHOTO HepBa C4 yctaHoBieH B 7%,
KayJalbHBIH THII ¢ BKIIOYEHHEM chuHambHOro Hepsa Th2 — B 4% cirydaes. B 4% cirygaeB oTCyTCTBYET MbIIIed-
HO-KOXKHBIM HEpB, ABYTJIAaBYIO MBIIIIT TIJIeda IPU 3TOM WHHEPBUPYET CpeauHHBIN HepB. B 93% ciyuaes rpymo-
CIMHHOW HEPB OTXOAMT OT 3aJHET0 BTOPHYHOTO MydYKa MO 3aJHEHIDKHEH TTOBEPXHOCTH, B 7% 3TO BETBb MOIMBI-
meyHoro Hepsa. OOXBaT LIEH MMEET HPSMbIC 3HAYMMBIC KOPPEJSIUK C JUIMHOM TPYAOCIHHHOTO HEpBa — 4eM
Gosblire 00XBAT IIeH, TeM OOJbILE JIMHA HepBa. Y KEHIIUH BBIBEACHBI yPaBHCHU JIMHEIHOI perpeccun, Ha oc-
HOBAaHHMHU KOTOPBIX MOYKHO BBIYUCIIUTD IIPE/IIOI0KHUTENBHYIO [UIMHY TPy JOCIIMHHOTO HEpBa IIPU U3BECTHOM 3Ha4e-
HHH HIUPHHBI TPYJHON KICTKH.

3axuroyenue. [[inHa rpyJOCHIMHHOTO HEpBa SBIIETCA ONpelelAioIel 1eTepMUHAHTON BO3MOXKHOCTH €ro Iepe-
CaJIK¥ B MO3UIMIO MBIIICYHO-KOXKHOT0. B KadecTBe BHEIIHEro OMoMapKepa pa3MepoB HepBa-JOHOpa U HepBa-pe-
LUITHUCHTA LieJieco00pa3Ho UCIONB30BaTh pa3Mephl 00XBaTa ILeH U IJIsI JOCTOBEPHOCTH Y JKSHIINH — IIUPUHY TPy /-
HOU KJICTKH.

Kiiouesrble c10Ba: mjedeBoe crieTeHue, MophoMeTpus, rpyI0CIIMHHOM HEPB, MBIIIEYHO-KOKHBIH HEPB, TPaHC-
TIO3UIINSL.

KOHq)J’IHKT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIbHBIX KOHq;).]'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaIII/IeI71 HACTOSIIIEH CTaThH.

Hcrouynuk ¢puHaHCHPOBAHUSA. ABTOPHI 3asBISIOT 00 OTCYTCTBUH (DMHAHCHPOBAHMUSL.

CooTBeTcTBHE NMPUHIUNAM ITHKH. VccnenoBanne ono0peHO JOKambHOW 3THueckoi komuccued KpacTMY
(mpotoxon Ne 91 ot 11.09.2018).

Jns uutupoBanus: ['opoyHos H.C., Kooep K.B., IIpotactok E.H., PoctoBues C.1., Camorecos I1.A. Anaromu-
4yeckoe 000CHOBaHUE TPAHCIIO3UIMH TPYJOCIMHHOTO HEPBA P HEBPOTU3ALIMHU MTOBPEIK/ICHHBIX HEPBOB IICYEBO-
ro cruteTeHus. bronnemens cubupcrotl meouyunet. 2021; 20 (1): 31-38. https://doi.org: 10.20538/1682-0363-2021-
1-31-38.

INTRODUCTION

tization of damaged nerves using nerve

transfer

Currently, microsurgical treatment of brachi-
al plexus injuries is guided by the modern con-
cept “from distal to proximal”, which implies the
restoration of nervous regulation as close to par-
alyzed muscle as possible [1-3]. In this regard,
the development and implementation of neuro-

technology is underway, which requires a detailed
study of anatomic features of donor and recipient
nerves [4—6].

The most common type of brachial plexus injury
is avulsion from the upper trunk. It is known that the
upper trunk is formed by the fusion of C5 and C6
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spinal nerves, further suprascapular and subclavian
nerves branch from it in a distal direction. The la-
teral secondary bundle (C5, C6, C7) is then formed
taking some of the nerve fibers from C7, with mus-
culocutaneous nerve and lateral root of the median
nerve as final branches [7]. In case of upper trunk
avulsion, significant violation of upper extremi-
ty function occurs in which innervation is lost by
suprascapular and musculocutaneous nerves, as
a result of which there is shoulder abduction and
external rotation, shoulder adduction and flexion,
and forearm flexion, respectively. It appears useless
to restore integrity at the level of the upper extre-
mity, since degenerative processes in distal parts of
nerves advance regeneration in the proximal seg-
ment of the upper trunk, which leads to irreversible
muscle atrophy. Evidently, effective treatment of
brachial plexus injuries is impossible without the
use of distal nerve transfers. In this regard, there
is increased practical interest in the thoracodorsal-
nerve, which is used not only in reconstructive sur-
gery, but also as a donor nerve in case of brachial
plexus peripheral nerve damage. This is the reason
for conducting numerous studies revealing various
anatomic features of this nerve.

Transplantation of thoracodorsal (TDN) and in-
tercostal nerves to the damaged musculocutaneous
nerve is being performed successfully [8, 9]. How-
ever, intraoperative access and the tunnel during the
transposition of the thoracodorsal nerve are trau-
matic and useless, if the parameters of donor and
recipient nerve do not suit [10, 11]. In this regard,
the need for preoperative diagnosis of thoracodor-
sal (donor) and musculocutaneous (recipient) nerve
size is quite obvious [12]. However, published stud-
ies do not include information about the possibility
of determining true sizes of the musculocutaneous
and thoracodorsal nerve at the preoperative stage, as
well as sizes of other nerves in a particular patient to
select the optimal transplantation method [13, 14].
Nevertheless, it has been proved that constitutional
features of the human body structure determine its
anatomical varieties that influence body and system
functioning, which is important for clinical practice
[15].

Thus, the aim of this study was to identify topo-
graphic, anatomical, and constitutional features of
thoracodorsal and musculocutaneous nerves of the
brachial plexus.

MATERIALS AND METHODS

The study was conducted on 45 female and
male corpses of the second period of adulthood
(3660 years). Most of the studied corpses were
male (n =31 (69%)). There were 14 (31%) female
corpses. The cause of death in all cases was somat-
ic diseases without upper extremity, chest, neck or
head damage.

The first stage included anthropometric corpse
examinations: determination of height, length of the
trunk and upper extremities; neck, thoracic cage,
shoulder and forearm circumferences; lateral di-
mensions of shoulders, thoracic cage and pelvis; the
anteroposterior size of the thoracic cage.

Anatomical preparation of the brachial plexus
with subsequent instrumental measurements was
the next step. Sequential measurement of the length,
thickness and angles of all elements of the brachi-
al plexus was carried out, as well as measurement
with reference to the coordinate point, the clavicle
center. The measurement of thoracodorsal nerve
length was carried out from the place of its origin
(posterior cord) to its entry into the latissimus dorsi
muscle. In case there was a nerve split into branch-
es prior to the muscle, the nerve aggregate length
before and after branching was taken into account.
Measurement of musculocutaneous nerve length
was carried out from the place of formation (lateral
cord) to coracobrachialis muscle perforation. After
isolation and fixation in 10% neutral formalin solu-
tion, brachial plexus elements were measured under
the MBS-10 stereoscopic magnifier.

Based on the obtained indicators, a database was
made in MS Excel 9.0 program. The statistical pro-
cessing of the results was carried out using Statisti-
ca for Windows 6.0. The article includes only indi-
cators that follow normal distribution according to
Shapiro — Wilk test. This allowed to use parametric
statistical methods, including descriptive statistics,
correlation (7 — correlation coefficient, p — achieved
significance level) and regression analyses, variant
analyses carried out by means of the sigma devia-
tion method. When describing the studied indica-
tors, the following values were used: mean value
(M) and standard deviation (o), which are presented
in the form of M + ¢. Based on sigma deviations of
neck circumference, thoracodorsal and musculocu-
taneous nerves length, as well as on formation level
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of the latter, all the corpses were divided into three
types. When testing static hypotheses, differences
were considered significant at p < 0.05.

RESULTS

After anatomical preparation, it was found that
C5, C6, C7, C8, and Thl roots of spinal cord seg-
ments are involved in the formation of the brachial
plexus in 89% (40/45) of cases. The cephalic type
of the brachial plexus with the participation of C4
spinal nerve was found in 7% (3/45), and the cau-
dal type with the inclusion of Th2 spinal nerve was
found in 4% (2/45) of cases. There was one case
when C4 and C5 spinal nerves were combined into
the primary superior trunk, while C6 and C7 nerves
were combined into the primary middle trunk. Vari-
ability of brachial plexus long branch formation was
determined. There is no musculocutaneous nerve in
4% (2/45) of cases, while the median nerve inner-
vates biceps brachii. In 93% (42/45) of cases, the
thoracodorsal nerve originates from the posterior
cord along the lower posterior surface, in 7% (3/45)
of cases, it is a branch of the axillary nerve, located
on the front surface.

To assess the possibility of transposition of
healthy nerves to damaged ones, it is necessary to
know their size. The length of the thoracodorsal
nerve before entering the broadest dorsum muscle
ranges from 7.0 cm to 18.9 cm; the average val-
ue is 13 cm, n = 45. Based on sigma deviations
(13.0 + 2.6) of length, the thoracodorsal nerve is
divided into three types before entering the latis-
simus dorsi muscle. The types are the following:
short nerve < 10.4 cm — 11% (5/45), medium-length
nerve 10.4-15.6 cm — 74% (33/45), long nerve
> 15.6 cm — 15% (7/45). The length of the mus-
culocutaneous nerve up to coracobrachialis muscle
perforation varies from 2.0 cm to 17 cm, and the
average value is 6.8 cm, n = 45.

Taking into account the risks of invasive inter-
ventions, the inefficiency of transposition due to
lack of length and, consequently, nerve tension with
such complications as vellication and causalgia, it
is necessary to develop non-invasive and reliable
methods of detecting thoracodorsal nerve size. In
this regard, the conducted correlation analysis re-
vealed direct significant interconnection (» = 0.317,
p = 0.033) of thoracodorsal nerve length and neck
circumference. The length of the thoracodorsal

nerve significantly increases with the length of neck
circumference.

The anthropometric study revealed neck cir-
cumference varying from 26 cm to 39 cm, the av-
erage values are 32.8 cm, n = 45. Based on sigma
deviations (32.8 + 3.2) of neck circumference, all
the corpses were divided into three groups: neck
circumference < 29.6 cm — 15.5% (7/45), neck cir-
cumference 29.6-36.1 cm — 69% (31/45), and neck
circumference > 36.1 cm — 15.5% (7/45). It was
found that in individuals with neck circumference
> 36.1 cm in 71% (5/7) of cases, the thoracodor-
sal nerve is long, and in 29% (2/7) of cases it is of
average length. Whe the neck circumference var-
ies between 29.6-36.1 cm, medium-length thoraco-
dorsal nerve occurs in 78% (24/31) of cases, short
nerve —in 16% (5/31) and long nerve —in 6% (2/31)
of cases. In individuals with neck circumference
< 29.6 cm, short (50%) and medium-length (50%)
thoracodorsal nerves are found in equal proportion
(Fig. 1).

Table 1 shows that there are significant differ-
ences in thoracodorsal nerve length in individuals
with different neck circumference. The larger the
neck circumference is, the longer the thoracodorsal
nerve is and vice versa.

Table 1

The thoracodorsal nerve length (in cm) in individuals with
different neck circumference (n = 45)

Neck circum-| Neck circum- Neck
Parameter ference ference circumference| p
>36.1cm |29.6-36.1cm | <29.6cm
Thoracodorsal| -, 13.4 123 [<0.05
nerve length

Based on sigma deviations (6.8 = 3.2) of muscu-
lar-cutaneous nerve length to coracobrachial muscle
perforation, three following types were determined:
short nerve < 3.6 cm — 13% (6/45), medium-length
nerve 3.6-10.0 cm — 65% (29/45), and long nerve
> 10.0 cm — 22% (10/45). Three levels are marked
according to the distance from the clavicle center
to the place of musculocutaneous nerve formation
taking into account sigma deviations (7.4 +2.1): high
level < 5.3 cm — 7% (3/45), medium level — from
5.3t0 12.7 cm — 80% (36/45), low level > 12.7 cm —
13% (6/45). There is direct correlation (» = 0.30,
p = 0.049) between the length of thoracodorsal and
musculocutaneous nerves.
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Fig. 1. Constitutional features of the thoracodorsal nerve.

Furthermore, in individuals with short muscu-
locutaneous nerve, in five cases, medium-length
pectoral-spinal nerve is observed, and in one case,
short nerve is identified. In people with long mus-
culocutaneous nerve, in seven cases there is medi-
um-length thoracic back nerve, and in three people,
there is a long one.

In the case of paired comparison of thoracodorsal
and musculocutaneous nerve lengths, it was found
that in 80% (36/45) of the studied corpses, the nerve
length allows for successful transplantation of the
thoracodorsal nerve to the position of the muscu-
locutaneous nerve. In 20% (9/45) of cases, trans-
position of the thoracodorsal nerve to the position
of the musculocutaneous nerve for neurotization of
the damaged musculocutaneous nerve is not possi-
ble due to the lack of length of the former and low
level of formation of the latter.

When comparing corpses by gender, males did
not reveal any significant correlation between the
length of the thoracodorsal nerve and anthropomet-
ric data. A significant inverse correlation between
the length of the thoracodorsal nerve and the width
of the thoracic cage (r = 0.6, p = 0.03) is revealed
in females. The more the width of the thoracic cage
is, the shorter the length of the thoracodorsal nerve
is. Regression analysis revealed linear features
(Fig. 2) and the equation of the relationship be-

tween the length of the thoracodorsal nerve and the
width of thoracic cage (thoracodorsal nerve length,
in cm = 20.1536-0.2846 x thoracic cage width, in
cm). Knowing thoracic cage width by means of the
revealed equation, one can determine the length of
the thoracodorsal nerve can be determined.

Furthermore, there was a direct correlation be-
tween musculocutaneous nerve length and thoraco-
dorsal nerve length (» = 0.52, p = 0.05) in females.
Regression analysis revealed linear features and
equation of correlation between musculocutaneous
nerve length and thoracodorsal nerve length (mus-
culocutaneous nerve length, in cm = —1.6129 +
+ 0.6496 x thoracodorsal nerve length, in cm)
(Fig. 3). These equations make it possible to deter-
mine the length of the donor nerve and the recipient
nerve without invasive interventions in females.

To assess the accuracy of the equation for deter-
mining the length of the thoracodorsal nerve with
the known width of the thoracic cage, a compar-
ative analysis was performed (Table 2). It was re-
vealed that the length of the thoracodorsal nerve,
measured after anatomical preparation, does not
significantly differ from the indicators obtained us-
ing the proposed equation (p = 0.07). Furthermore,
the spread in values from the regression equation
to the actual length of the thoracodorsal nerve is
1.5 cm.
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Table 2

Comparison of the results of the experimental study in females

Thoracodorsal Thoracodorsal nerve
Parameter nerve length, cm length, cm (accor-
(after preparation) | ding to the equation)
Mean value 13.6 12.6
Standard deviation 2.57 1.20

Achieved significance

level (p)
36

0.07

DISCUSSION

It is known that when the trunk or cord of the
brachial plexus is damaged, it is impossible to
restore nervous regulation at the place of its rup-
ture. The conduction of nerve impulses from these
structures of the brachial plexus to forming nerves
is violated. In this regard, transplantation of donor
nerves to damaged recipient nerves is widely used
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for the absolute restoration of extremity functions.
The present study has shown that in 20% of cas-
es it is impossible to carry out the transfer of the
thoracodorsal nerve to the position of the musculo-
cutaneous nerve due to large diastasis. Therefore,
other sources of neurotization are necessary in such
cases. According to the data by a number of other
authors, such cases are rare and, despite the poten-
tial of modern diagnostics, the mismatch of nerve
length during transposition is found during the op-
eration, which is accompanied by nerve tension
with subsequent complications, increase in opera-
tion time, and sometimes useless and traumatic in-
terventions [12]. It is worth noting that in surgical
practice while suturing nerves, the maximum per-
missible tension is the one at which the nerve seg-
ments can be pulled together by simultaneous tying
of two 8/0 sutures, which corresponds to diastasis
up to 2.0-2.5 cm [16].

In previous studies, anatomical features of the
thoracodorsal nerve were examined from the point
of its use as distal nerve transfer [17]. In most
cases, the thoracodorsal nerve is formed from the
posterior cord (C7, C8), which coincides with our
results. In 93% of cases, it departs from the poste-
rior cord, and in 7% of cases, it is a branch of the
axillary nerve. Therefore, its transfer is effective in
case of nerve damage that is formed from spinal
nerves C5 and C6, which, according to statistics,
are more likely to rupture during injuries of the
brachial plexus [11]. The thoracodorsal nerve is
located under the lateral edge of the latissimus dor-
si muscle, superficially from the vascular pedicle.
This makes it possible to isolate the nerve along
its way to the entrance to the muscle. Our data
showed that the average length of the thoracodor-
sal nerve before entering the broadest back muscle
is 13.0 cm. According to the data of other studies,
this value does not exceed 12.3 cm [7]. It is worth
noting that when transplanting the distal end of the
thoracodorsal nerve, the latissimus dorsi muscle
does not lose its function, since it has an addition-
al source of innervation, which is the subscapular
nerve.

According to the results of the study, transposi-
tion of donor nerve to recipient nerve depends on
the nerve length correspondence. According to M.
Samardzi¢ [9], nerve lengths and their cross-sec-
tional area correspondence are of great importance

for transposition, but nerve length correspondence
is crucial.

It was found in the present study that neck cir-
cumference and, in women, chest width are required
to determine the reliable true size of thoracodorsal
and musculocutaneous nerves.

Thus, anatomical and topographic features of
the thoracodorsal nerve make it most suitable for
transposition in case of peripheral upper limb nerve
damage, while the ability to determine the true size
of the thoracodorsal and musculocutaneous nerves
before surgery will allow to choose an optimal
transplantation method for a particular patient and
improve treatment results significantly.

CONCLUSION

Based on the study, the following conclusions
have been made.

1. There is a significant direct correlation be-
tween the length of the thoracodorsal nerve and neck
circumference in humans (» = 0.317, p = 0.033).

2.1In 20% of cases in humans, nerve size does not
allow for transplantation of the thoracodorsal nerve
to the position of the musculocutaneous nerve.

3. In females, there is a significant inverse cor-
relation between the thoracodorsal nerve length and
the thoracic cage width (» = 0.6, p = 0.03). Equa-
tion of relationship between the width of the tho-
racic cage and the length of the thoracodorsal nerve
(Iength of the thoracodorsal nerve, in cm = 20.1536
—0.2846 x width of the thoracic cage, in cm) was
revealed.

The length of the thoracodorsal nerve determines
the possibility of its transplantation into the muscu-
locutaneous position. It is reasonable to use neck
circumference and, in females, the width of the tho-
racic cage as external size biomarkers for the donor
and recipient nerves.
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Segmentation of focal liver lesions and virtual resection based on computed
tomography data
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ABSTRACT

The aim of the study was to test the work of plugins for segmentation and virtual resection of focal liver lesions
based on CT data.

Materials and methods. Analysis of CT data of the abdominal organs with bolus contrast enhancement in 80
patients with focal liver lesions was carried out. Segmentation and 3D-modeling of the CT data was carried out by
radiologists and the surgeon in the ‘Autoplan’ system.

Results. The nosological structure of the liver in patients was determined (the most common were hemangiomas in
21.25% of 80 patients, cysts in 20%, parasitic cysts in 20%, etc.), according to the computed tomography results.
The segmentation of the liver, its focal lesions, arteries, and veins was carried out using the ‘Autoplan’ system. The
surgeon determined the volume of the parenchyma and focal liver formations using the standard function ‘volume
of segmentation’, chose the optimal treatment tactics, and performed a virtual liver resection. In some cases, the
use of segmentation and preoperative planning made it possible to avoid an inefficient surgery. The effectiveness of
modeling changed the treatment tactics of 42 patients.

Conclusion. The obtained results indicate that the use of the ‘Autoplan’ system plugins for planning an abdominal
surgery allows doctors: 1) to carry out segmentation of the liver, focal lesions, and blood vessels; 2) to determine
the location of a focal formation in a particular segment, their combinations; 3) to perform a virtual resection,
evaluate the structures passing through it; 4) to choose the optimal tactics of intervention or abandon it due to
objective anatomical reasons.

Key words: computed tomography, preoperative 3D-modeling, segmentation, liver resection, ‘Autoplan’ system.
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CermeHTaumA o4arosbix 06pasoBaHUiA NeYeHU U BUPTYa/IbHAA pe3eKuus
Ha OCHOBE faHHbIX KOMMNbIOTEPHOM TOMOrpadum

3enbtep .M., Koncarnos A.B., MbiwkuHa 10.C.

Camapckuii 2ocydapcmeennbuiii meouyunckuti ynueepcumem (Caml’MY)
Poccus, 443099, 2. Camapa, yn. Yanaesckas, 89

PE3IOME

Heas paboTs! — MPOTECTHPOBATH PAOOTY IUIATHHOB II0 CETMEHTAINH U BUPTYaJIbHON PE3EKIIMH 0YaroBBIX 00pa3o-
BaHMI MEYSHN HA OCHOBE JaHHBIX KOMIBIOTEPHON TOMOTrpadui.

Matepuaisl 1 MeToabl. [[poBeneH aHanu3 JaHHBIX KOMIIBIOTEPHOH TOMOrpadguu OpraHoB OPIOIIHON MOJIOCTH C
OOIOCHBIM KOHTpacTupoBanueM 80 MarueHTOB ¢ 04aroBEIMU 00pa3oBaHuAMH nedueHn. Cermenrtanus u 3D-moze-
JMPOBAHUE TOMOTPaMM IIPOBOIHMIIOCH B CHCTEME «ABTOIIIAH» BPadaMH-PEHTI€HOIOTaMH TIPH HETIOCPEICTBEHHOM
Yy4acTHH Bpada-Xupypra.

PesyabTarsl. OnpeneneHa CTpyKTypa HO30JIOTHI NEUEHH y MAalMeHTOB (HauboJsiee 4acTo BCTPEYANIUCh TeMaH-
ruomsl y 21,25% u3 80 maunenToB, kucthl y 20% obcnenyeMsIx, napasurapHbie KUCTHL Y 20% OOJBHBIX H T.1.)
0 IaHHBIM KOMITBIOTEPHOI ToMOrpadun. 3aTeM NPOBOAMIACH CETMEHTAIMs TIEYEHH, e¢ 04aroBbIX 00pa3oBaHuil,
apTepuil ¥ BEH C MOMOIIBIO CHCTEMBI «ABTOIUIaH». XUPYpPr ONpeaessia o0beM MapeHXUMBbl B OYaroBBIX 00pa-
30BaHU TEYEHH C MOMOIIBIO CTaHIAPTHOH (QYHKIHH «0OBEM CerMEHTAlUM», BHIOUPAJ ONTUMANBHYIO TaKTHKY
JICUeHMs U TPOBOJUII BUPTYAJIbHYIO pe3eKIMIo. B psjie ciyuaeB IpUMeHEHHE CeTMEHTAalMU U IPEA0IePalluOHHOIO
TUTAHUPOBAHMS TTO3BOJIMIIO OTKA3aThCsl OT 3aBEZOMO Hed((EKTHBHOM onepanny. B pesynbraTe pe3ynbTaTHBHOCTD
MOJZIENMPOBaHKs B ”HQOPMUPOBAHUHU XMPYpra H3MEHUIIA TAKTUKY BeAeHHs 42 MalieHTOB.

3axunoyenne. [lomydeHHbIE pe3yIbTaThl CBUAETEILCTBYIOT O TOM, YTO MCIOIb30BAaHUE IUIATMHOB CUCTEMBI «AB-
TOIUTAH» JUIS INTAHUPOBAHMS a0JOMUHAIBEHOI XUPYPIHUH TTO3BOJISIET: 1) IPOBECTH CEIMEHTALUIO IIEUSHNU, 09aroBEIX
0o0pa3oBaHuUil ¥ COCYIOB; 2) ONPENEIUTh PACHIONIOKEHIE 04aroBOro 00pa3oBaHus B TOM WM HHOM CETMEHTE, UX
KOMOMHAIWH; 3) IPOBECTH BUPTYAIbHYIO IUNIOCKOCTh PE3EKINH, OLICHUTH CTPYKTYPHI, IIPOXOISIINe Yyepe3 Hee; 4)
BBIOpATh ONTHMAIBHYIO TAKTUKY BMEIIATEIFCTBA MIIM OTKA3aThCsl OT HETO BCIIEACTBHE OOBEKTHBHBIX aHATOMHUUE-
CKUX MPUYUH.

KuroueBrble ciioBa: xomnbioTepHas ToMorpadus, npeaonepanrontoe 3D-MoaenupoBanye, CErMeHTaLMsI, Pe3eK-
115l ICUCHHU, CUCTEMa «ABTOILIAH».

KonpaukT nunTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanKeil HaCTOSIIEeH CTaThH.

HUcTounuk (l)HHaHCHpOBaHI/IH. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/ISI IpHu OPpOBEACHUU UCCIIENO0-
BaHUA.

CooTBeTcTBHE NPUHIMNAM 3THKH. Bee nuna, yqacTByromue B UCCIIEIO0BAaHHH, ITOJIINCATH HHGOPMHUPOBAHHOE
corjacye Ha yJacTHe B HccienoBanui. MccrenoBanue 0j00peHo JTOKaIbHBIM ATHYECKAM KoMUTeTOM CaMapcKoro
rOCyapCTBEHHOTO MEUIIMHCKOTO yHUBepcuTeTa (rmporokon Ne 205 ot 19.02.2020).

Jist nurupoBanusi: 3enstep [1.M., Koncano A.B., ITeikuna FO.C. CermeHTtanyst 04aroBslx o0pa3oBaHHi I1e-
YEHHU U BUPTyallbHasl PE3EKIM HA OCHOBE JAaHHBIX KOMIIBIOTEPHOU ToMorpaduu. broanemens cubupcko meouyu-
net. 2021; 20 (1): 39-44. https://doi.org: 10.20538/1682-0363-2021-1-39-44.

Segmentation of focal liver lesions and virtual resection based on computed

INTRODUCTION

Surgery planning is an important and integral
step, especially in abdominal surgery. This process
determines features of a clinical case and identifies
possible problems during the operation. Planning
includes standard physical examination of a patient,
laboratory data analysis, and imaging techniques.

For a comprehensive assessment of computed and
magnetic resonance tomography imaging, model-
ing with constructing a polygonal model is used.
This technique makes it possible not only to supple-
ment a standard study with visual three-dimensional
images with pathology mapping, but also to obtain
important numerical parameters. Modeling is based
on the segmentation process [1, 2]. Segmentation is
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division of an image into areas for which a certain
criterion of uniformity is met [3].

Segmentation tasks can be divided into two
classes: search and selection of areas in the image,
the characteristics of which are reliably known,
and automatic search for areas with some similar
char- acteristics. Segmentation, preoperative plan-
ning and preparing for intraoperative navigation
are possible with the help of the ‘Autoplan’ sys-
tem, which includes a workstation for a radiologist.
This system was developed at the Center for Break-
through Research of SamSMU ‘Information Tech-
nologies in Medicine’.

The aim of the research is to test the work of
plugins for segmentation and virtual resection of
liver lesions based on the computed tomography
data.

MATERIALS AND METHODS

The data of abdominal CT with contrast en-
hancement of 80 patients with focal liver lesions
were analyzed. Studies were carried out on Toshiba
Aqullion 32 CT (Japan). Then images in DICOM
format were loaded into the ‘Autoplan’ hardware
and software complex (registration certificate
2019/8153 of 27.02.2019) [4]. Segmentation and
3D-modeling were carried out by radiologists with
the direct participation of the surgeon. The surgeon
drew a virtual line of resection and set points of in-
terest (relationship with branches of the portal vein,
sufficiency of blood flow in the preserved part, etc.).
The processing of one study took from 15 to 30
minutes, depending on the complexity of pathology
and tasks.

RESULTS AND DISCUSSION

The following types of automatic segmentation
are known: 1) thresholding; 2) region growing; 3)
border detection; 4) texture segmentation methods.

The ‘Autoplan’ system uses the first three types
of automatic segmentation in the segmentation
system. Thresholding is the simplest segmentation
method. It implies selection of areas homogeneous
in brightness according to a threshold, which is
determined automatically. Growing regions is a
method that is based on joining regions closest in
brightness. The idea behind the method is to ana-
lyze a pixel and grow the area to which it belongs
based on most of its neighbors. Border detection is

a method that is used to detect abrupt changes in im-
age brightness and find borders and contours [5]. To
solve the most frequent tasks, plugins for automatic
segmentation based on “average models” have been
developed in the ‘Autoplan’ system: 1) automatic
segmentation of the body surface; 2) automatic seg-
mentation of organs (liver, kidneys, spleen, lungs
and trachea).

For vessels, an automatic segmentation plugin
is also implemented in the presence of images of
the corresponding phase of contrast enhancement:
arterial for segmentation of arteries, venous for
segmentation of veins. This plugin software mo-
dule is used to visualize individual anatomy of the
organ blood supply system, aortic pathologies (an-
eurysms, wall dissection, occlusion), and sites of
tumor invasion into vascular structures in abdomi-
nal surgery. Automatic vessel segmentation is per-
formed by establishing a point within the lumen.
In this case, complex Fast Marching and Geodesic
Active Contours algorithms are used [6].

Two approaches are used to highlight the struc-
ture within the created segmentation, for example,
a focal lesion within the liver parenchyma. The first
one is manual contouring on several sections with
further modeling based on the boundary interpo-
lation on raw sections. The second (which is more
efficient) one is using the incremental segmentation
plugin.

The ‘Incremental segmentation’ plugin is de-
signed for segmentation by gradual region growing
from a given point, based on density and contours of
the surrounding tissues. This type of segmentation
is the fastest and most convenient of all semi-au-
tomatic tools due to the ‘spread’ of segmentation
simultaneously in all three coordinates and due to
passing around contrasted tissues.

As a result of computer segmentation, the doctor
receives a polygonal model of internal organs with
marked areas of pathology.

The structure of liver nosologies identified by
CT data is presented in Table. 1.

Segmentation of the liver, focal lesions, arteries,
and veins was performed. Further, the function ‘di-
viding liver into segments’ was used. In order to do
this, standard points were identified on the surface
of the liver, after which planes were automatically
drawn (Fig. 1), dividing the liver into 8 segments
according to the Couinaud classification [7].
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Segmentation of focal liver lesions and virtual resection based on computed

Table 1

The structure of liver lesions identified
in patients according to the computed tomography

Nosology Number of patients
Hemangioma 17
Cyst 16
Parasitic cyst 16
Hepatocellular cancer 11
Abscess 10
Metastasis 8
Adenoma 2
i
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The distribution of focal lesions by liver seg-
ments is shown in Table. 2.

Afterwards, if it was necessary to perform a sur-
gical intervention, the surgeon determined the vol-
ume of focal lesions and liver parenchyma using the
standard function ‘Segmentation volume’. When
the lesion was located in one segment, segmentec-
tomy was chosen as the tactics of treatment; when it
was located in several segments, hemihepatectomy
or atypical resection was selected.

e A s

il e A e e ase - G s

Fig. 1. Segmentation of the liver, arteries, and veins. Dividing the liver into segments using the ‘Autoplan’ system

Table 2
Distribution of focal lesions by liver segments
Segment S1 S2 S3 sS4 S5 S6 S7 S8 Multiple
segments
Number of 5 7 8 7 9 7 11 8 18
patients

A virtual resection was carried out, which con-
sisted in constructing a line of any shape, cutting
off the volume that the surgeon plans to remove
from the bulk of the resulting segmentation (in this
case, an organ model). The advantage of perform-
ing virtual resection is preoperative informing of
the surgeon about possible complications, as the

branches of portal vein and hepatic veins are visi-
ble in the resection plane [8]. It gives the surgeon
the opportunity to choose an optimal resection
method based as well on the residual parenchyma
volume. The volume of any segmentation, both re-
moved and remaining part of the liver, is displayed
automatically [9]. Planning of a right-sided hemi-
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hepatectomy in a patient with multiple hydatid
cysts is shown in Fig. 2.

In some cases, the use of segmentation and pre-
operative planning made it possible to abandon the
obviously ineffective operation. Here is a clinical
example of patient I., 32 years old. The patient went
to the hospital with complaints of pain and heavi-
ness in the right hypochondrium, general weakness,
loss of appetite, and stool disorder. Computed to-
mography of the abdominal organs with bolus con-
trast enhancement was performed according to the
standard protocol. The results are shown in Fig. 3.

In the right lobe of the liver, a large lesion with
an inhomogeneous structure was found, and in the
central parts, a formation with pronounced calci-
fication and hypovascular periphery was detected.
Compression of the inferior vena cava and signs of
invasion in the branches of the portal and right he-
patic veins were observed. Impression: liver alveo-
COCCOSIS.

Fig. 2. 3D-model of the liver of the patient K. Green color

indicates the preserved part, yellow — the resected part. Hydatid

cysts are highlighted with red color, branches of the portal and
hepatic veins are highlighted with purple color

Fig. 3. Computed tomography of the abdominal organs of patient I., axial and coronal reconstruction, venous phase. In the right lobe
of the liver, there is a massive heterogeneous zone with calcification

To assess the resectability of the lesion, recon-
struction in the ‘Autoplan’ system was performed.
The result is shown in Fig. 4.

Modeling made it possible to detect an extensive
arterial and venous invasion of the alveococcus,
which did not allow its resection as it could lead to
massive intraoperative blood loss. The patient was
consulted by a transplant doctor and his data were
added to the waiting list for a liver transplant [10].

The effectiveness of modeling in informing the
surgeon and changing the tactics in 42 patients is
shown in Table 3.

Table 3

The effectiveness of modeling in informing the surgeon and
changing the tactics

Performance indicator Number of
patients

The choice of tactics in the form of segmentectomy 9
The choice of tactics in the form of atypical resection 6
The choice of tactics in the form of 3
hemihepatectomy
Changing the initial tactics after analyzing planar 3
images
Refusal from resection due to the small volume of 5
preserved parenchyma
Refusal from intervention due to vascular anatomy 3
Refusal from intervention due to vascular invasion 3
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ABSTRACT

Aim. To assess the effect of one-time physical load on the concentration of endothelial NO-synthase and platelet-
activating factor in blood plasma of athletes training in cyclic and strength sports, as well as in untrained volunteers.

Materials and methods. The study involved 28 men aged 18-25 years, who were relatively healthy and had no
disorders of the cardiovascular system. Three groups were formed according to the sports classification. Group 1 (TFG)
included highly qualified athletes (Candidates for Master of Sports (CMS), Master of Sports (MS)) of cyclic sports —
track and field athletics (middle-distance running, 800-1500 m), n = 10. Group 2 (WG) consisted of highly
qualified athletes (CMS, MS) of strength sports — weightlifting, » = 8. Group 3 (CG) was a control group and
included untrained men with no sports category, n = 10. All volunteers were examined in the morning on an empty
stomach. One day before the study, the athletes were advised to stop the training process. The blood from the
cubital vein was taken from all the individuals three times: before exercise (test A), immediately after performing
the standard PWC _ test on a bicycle ergometer (test B), and 60 minutes after performing the stress test (test C).
Determination of the concentration of endothelial NO-synthase (eNOS) and platelet-activating factor (PAF) in
plasma was performed by enzyme immunoassay.

Results. It has been shown that the features of endothelial reactivity in athletes of various specializations in
comparison with untrained volunteers are significantly associated with the level of eNOS production both at rest
and in response to short-term physical exertion. Platelet-activating factor can also affect endothelial reactivity, but
to a lesser extent, and is involved only in the mechanisms of adaptation to repetitive high-intensity physical loads.

Key words: endothelium, athletics, weightlifting, training.
Conflict of interest. The authors declare the absence of obvious or potential conflict of interest related to the

publication of this article.

Source of financing. The study was carried out at the expense of the Russian Science Foundation, project No. 16-
15-10026-P.

Conformity with the principles of ethics. All study participants signed an informed consent to participate in the
study. The study was approved by the local Ethics Committee of the Biological Institute of NR TSU (Protocol No.
33 0f02.12.2019).

For citation: Kapilevich L.V., Kologrivova V.V., Milovanova K.G., Zakharova A.N. Effect of physical load on the

concentration of endothelial NO-synthase and platelet-activation factor in plasma of athletes. Bulletin of Siberian
Medicine. 2021; 20 (1): 45-49. https://doi.org: 10.20538/1682-0363-2021-1-45-49.

< Kapilevich Leonid V., e-mail: kapil@yandex.ru.

BlonneteHb cMbnpckon meguuuHbl. 2021; 20 (1): 45-49



Kapilevich L.V., Kologrivova V.V., Milovanova K.G., Zakharova A.N.

BanAHue Ppusmnyeckoi HarpysKku Ha KOHL,EHTPALMIO SHAOTE/IMA/IbHOM

NO-cuHTasbl M paKkTOpa aKTUBaL MM TPOMOOLMTOB B N/1a3Me Yy CIOPTCMEHOB

Kanunesuu J1.B."?, Konorpusosa B.B.', MunoBaHoBa K.I'.", 3axapoBa A.H.’

I Hayuonanwnolil uccredosamenvcxuil Tomekutl 2ocyoapemeennniil ynusepcumem (HU TIY)
Poccus, 634050, 2. Tomck, np. Jlenuna, 40

2 Cubupcrkuii 2ocyoapemeennviii meduyunckuil ynueepcumem (Cubl MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Henp. OueHnTh BIUSHUE OJHOKPATHOH (HH3MUIECKOI HArpy3KH Ha KOHIIEHTPALHIO dHA0TeNHanbHOi NO-cHHTa3b!
¥ paKkTopa aKTUBALMK TPOMOOLIUTOB B IIa3Me KPOBH Y CIIOPTCMEHOB, TPEHUPYIOLINXCS B IUKJINYECKUX U CHIIOBBIX
BUJIaX CIIOPTa, a TAKXKE Y HETPEHUPOBAHHBIX BOJIOHTEPOB.

MatepnaJbl 4 MeTOAbl. B uccinenoBanny yyacTBoBaiu 28 My4uH B Bo3pacte 18-25 ner, yclIoBHO 310pOBEIE,
0e3 HapyIICHNIT CO CTOPOHBI CEPETHO-COCYIUCTOM CHCTEMEL. B COOTBETCTBHM CO CIIOPTHBHON KiIaccHU(prKanner
6610 copmupoBano Tpu rpynmsl. I'pymma 1 (JIA): BEICOKOKBaNIM(HITMPOBaHHBIE CHOPTCMEHH! (KaHJUIATH B
Mmacrepa criopra (KMC), mactepa criopra (MC)) IUKIMIECKIX BUAOB CIIOPTA — JIeTKast aTieTHKa (Oer Ha cpenHue
nucranmu 800-1500 m), n = 10. I'pynma 2 (TA): BeicokokBampunuposannsie criopreMensl (KMC, MC) crnoBerx
BUJIOB CIIOpPTA — TsDKemas atieruka, n = 8. ['pymma 3 (KI'): koHTpobHAs rpyIina — HeTpeHUPOBAHHEIE MY>KUHHEI,
He NMeIOINe CIIOPTUBHOTO paspsx, n = 10. Bece BomonTeps npoxomuy o0cae0BaHle yTPoM HaTomak. 3a 1 cyr
JI0 UCCIIEA0BAHMS CHOPTCMEHAM OBLIO PEKOMEHIOBAHO IPEKPATUTH TPEHUPOBOYHBIN IpoIiecc. Y BCEX HCIBITYe-
MBIX TPHXKBI Opaiack KPOBb U3 JIOKTEBOH BEHBI: IO HArpy3kKH (1poba A), cpa3y 1mociie BBIITOIHEHHS CTaHAAPTHOH
npoosr PWC . Ha Benospromerpe (mpoba B) u uepes 60 MuH mociie BBIIONHEHUS HArPy304HOH TpoOkI (poda C).
Omnpenenenne konnentpanuu eNOS 1 PAF B mia3me npon3BouIock METOA0M HMMYHO(EPMEHTHOTO aHAIIN3a.

PesyabTarhl. Iloka3zaHo, 9TO OCOOEHHOCTH SHIOTENHAIBHOW PEAKTHBHOCTH Y CHOPTCMEHOB pPa3IHYHBIX
CHeHaNn3annii B CPaBHEHNH ¢ HETPEHNPOBAHHBIMH BOJIOHTEPAMHU B 3HAUYUTENHHOM CTENEHH CBSA3aHBI C YPOBHEM
npoaykmuu eNOS Kak B TTOKOe, Tak M B OTBET HA KPaTKOBPEMEHHBIE (H3UIeCcKre Harpy3ku. DakTop akTUBAIUH
TPOMOOIINTOB TaKXKe MOXKET OKa3bIBATh BIMSIHUE HA SHAOTENHATBHYIO PEaKTUBHOCTh, HO B MEHBIIIEH CTeTIeHH, 1
BOBJIEKAETCS TOBKO B MEXaHN3MBI aIalTAlliy K PETYIIPHBIM Harpy3KaM BBEICOKOH HMHTEHCHBHOCTH.

KiaroueBrblie ciioBa: 3HI[OT€III/II>1, JICTKas aTJICTHUKa, TsDKEJIad aTJI€THKa, TPDEHUPOBKH.

KoHdaukT uHTEpecoB. ABTOPHI ACKIAPHUPYIOT OTCYTCTBUE SBHBIX U MOTCHIHAIBHBIX KOH(PIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKAIME HACTOSIIICH CTaThH.

Hcrounuk dunancupoBanus. lccremnoBaHue BBIIONHEHO 3a cUeT cpeAcTB Poccmiickoro HaywHoro ¢oHna,
mpoekt Ne 16-15-10026-I1.

CooTBeTCTBHE NMPUHLIUIAM 3THKH. Bce y4aCTHHUKM HCCIEOBaHMS HOINUCAIN MH)OPMHPOBAHHOE COTJIACHE.
HccnenoBanue 0100peHO JTOKATEHBIM 3THUECKIM KOMHUTETOM Orosiorudeckoro naetutyTa TI'Y (mpoTtokon Ne 33
or 02.12.2019).

Jist nutupoBanus: Kammuresna JI.B., Konorpusosa B.B., Munosanosa K.I'., 3axaposa A.H. Brusaune dpusznye-
CKOM Harpy3KH Ha KOHIIGHTPAIMIO YHIOTEINAIBHON NO-CHHTA3bl U (pAKTOPA aKTUBALMH TPOMOOIIUTOB B IUIA3Me Y
CHOPTCMEHOB. broemens cubupcroul meduyunet. 2021; 20 (1): 45-49. https://doi.org: 10.20538/1682-0363-2021-
1-45-49.

Effect of physical load on the concentration of endothelial

INTRODUCTION

Systematic physical activity of various natures
has a modulating effect on the cardiovascular sys-
tem and induces the adaptation processes of all its
components, including the vascular endothelium [1,
2]. These changes can have a multidirectional effect

on the risk of developing hemodynamic disorders.
The effect can be either positive, accompanied by
the potentiation of endothelium-dependent reac-
tions, or negative [3]. At the same time, the mecha-
nisms of the described adaptations remain largely
unclear. In our previous publications [4, 5], it was
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shown that athletes of high qualification have sup-
pression of endothelial functional activity, and its
degree is determined by the intensity and type of
physical activity.

The mechanisms of endothelium-dependent vas-
cular relaxation are traditionally associated with
production of nitric oxide (NO). With the participa-
tion of endothelial NO-synthase (eNOS), NO pro-
duction in the endothelium is enhanced. The content
of eNOS in plasma differs depending on the type of
physical activity [6]. This may be one of the reasons
for the opposite reactions in the cuff test in athletes
training in various sports. However, information
on the eNOS concentration in the blood of people
during different physical activity is often contradic-
tory. Thus, after cyclic exercise, the concentration
of eNOS in plasma increases by 36%, whereas after
prolonged endurance training, the content of eNOS
increases by only 14% [7]. There is also evidence
that acyclic loads of submaximal power are not ac-
companied by increases in the blood eNOS content,
in contrast to long-term and intense cyclic loads [8].

Simultaneously with the influence of endothe-
lial factors, the hemostatic system, especially its
platelet link, can also participate in the modifica-
tion of blood flow during physical exercise. With
acute and prolonged intense physical activity, there
is a tendency to hypercoagulability, especially in
untrained individuals. Acute physical activity of
maximum intensity induces a transient platelet in-
crease. Platelet activation depends on the intensity
of physical activity [9—11]. Platelet-activating fac-
tor (PAF) has an important role in this process [12].
Some researchers consider PAF as a compensation
mechanism that protects athletes from the risk of
developing thrombosis and cardiovascular diseases
[13].

The aim of this study was to assess the effect of
one-time physical load on the concentration of en-
dothelial NO-synthase and platelet-activating factor
in blood plasma in athletes training in cyclic and
strength sports, as well as in untrained volunteers.

MATERIALS AND METHODS

The study involved 28 men aged 18-25 years,
who were relatively healthy and had no disorders
of the cardiovascular system. Three groups were
formed according to the sports classification. Group
1 (TFG) included highly qualified athletes (Candi-

dates for Master of Sports (CMS), Master of Sports
(MS)) of cyclic sports — track and field athletics
(middle-distance running, 800—-1500 m), n = 10.
Group 2 (WG) consisted of highly qualified athletes
(CMS, MYS) of strength sports — weightlifting, n =
8. Group 3 (CG) was a control group and included
untrained men with no sports category, n = 10. The
athletes of WG and TFG groups had been engaged
in sports for more than 6 years. All athletes took
part in Russian competitions and won prizes.

All volunteers were examined in the morning on
an empty stomach. One day before the study, ath-
letes were advised to stop the training process. The
blood from the cubital vein was taken from all the
participants three times: before exercise (test A),
immediately after performing the standard PWC |
test on a bicycle ergometer (test B), and 60 minutes
after performing the stress test (test C).

BD Vacutainer 5-ml vacuum system and 5 ml
Vacuette® Premium tubes with heparin separation
gel (Greiner Bio-One, Austria) were used. The hep-
arin concentration in the tubes was 20 U / ml. After
30 min of blood collection, erythrocytes and white
blood cells were sedimented for 11 minutes at 2,000
rpm using an LMC 3000 laboratory centrifuge (Bio-
san, Latvia). The plasma was frozen and stored in a
freezer at —20 °C for no more than 30 days.

Measurement of the eNOS and PAF concentra-
tions in plasma was performed by enzyme-linked
immunosorbent assay (ELISA) using RayBio Hu-
man eNOS ELISA Kit (RayBio®, USA) and En-
zyme-linked Immunosorbent Assay Kit for Platelet
Activating Factor (PAF) (Cloud-Clone Corpora-
tion, USA). All samples were taken in duplicate.
Microwell test strips with flat-bottomed wells (12 x
8 wells) were used for the analysis. The microwell
strips were incubated on a PST-60HL microplate
shaker (Biosan, Latvia) and washed using an An-
thos Fluido 2 washer (Biochrom, Great Britain).
The sample optical density was measured using an
Anthos 2010 spectrophotometer with filters (400—
750 nm) and ADAP+ software (Biochrom, Great
Britain) at 450 nm and 620 nm as primary and ref-
erence wavelengths, respectively.

Statistical data processing was carried out us-
ing STATISTICA 8.0. The level of significance in
testing the hypothesis that two samples belong to
the same general population was assessed using the
Kruskal — Wallis test (ANOVA test). Data are pre-
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sented as Mean =+ Standard Deviation (M £+ m). All
the participants signed an informed consent to par-
ticipate in the study and consent to blood sampling.
Permission was obtained from the Ethical Commit-
tee of Tomsk State University (Protocol No. 33 of
02.12.2019).

RESULTS AND DISCUSSION
The results are shown in Table 1.

Table 1

eNOS and PAF concentrations in blood plasma of healthy
volunteers (control group), weightlifters, and track and field
athletes before, immediately after, and 60 minutes after the
exercisee (data are presented as M + m)

Baseline 0 min post | 60 min post
Para- . .
Groups e level (sam- exercise exercise
ple A) (sample B) | (sample C)
eNOS 22.5+4.11 | 22.25+3.82
+
CG (control | omypy | 496+ 0720 ) 9001 | p,<0.001
group) AT
n=10 47.93+3.25| 52.04£4.25 | 53.98 537
(pg/ml)
+ +
TFG (track | eNOS | 223042 6.13+0.74 | 4.66+0.55
(ng/ml) | p.<0.05 P,<0.001 2,<0.001
and ﬁ‘;]d e p,<005 | p,<005
group
n=10 PAF |40.42+3.27|39.25+4.28 | 38.16 +4.57
(pg/ml) | p,<0.05 p,;<0.01 p,;<0.01
135047 | 105021 | 163£007
eNOS p,<0.001
va (ngfmty | P1= 001 2= 0001 F 0 601
(weightlift- & 2,<0.001 p,<0.001 LD
) 2 2 p,<0.05
ing group) El
n=8 PAF |39.67+4.04 | 38.62+3.55 | 45.15+3.24
(pg/ml) | p,<0.05 ,<0.01 p,<0.001

Note: p, — differences between WG and TFG; p, — differences
between WG and CG; p, — differences between TFG and CG; p, — as
opposed to sample A; p, — as opposed to sample B.

The control group had the eNOS concentration
0f'4.96 + 0.72 ng / ml, which is significantly higher
than this parameter in both groups of athletes. At
the same time, in this group, the maximum increase
in this parameter immediately after physical exer-
cise and its maintenance at a constant level for 1
hour were recorded. In the athletes of both groups,
the baseline level of eNOS was significantly low-
er: two times lower in the track and field athletes
and 4 times lower in the weightlifters. In the TFG
athletes, immediately after exercise, an increase in
the eNOS concentration by 2.5 times was identi-
fied. After 1 hour, it decreased by about 30%. The
weightlifters, on the other hand, showed a tendency

to a decrease in plasma eNOS concentration imme-
diately after exercise, which returned to the baseline
level in an hour.

The results obtained show a high correlation with
the previously published data on endothelial reac-
tivity in athletes of various specializations [4, 5]. It
has been shown that highly qualified athletes have
signs of endothelial dysfunction, which are more
significant in the group engaged in strength sports.
In the track and field athletes, endothelium-depen-
dent vasodilation is much less pronounced, and in
weightlifters, it was not recorded at all, while in un-
trained persons, it is the most pronounced.

The PAF concentration values in the groups did
not differ so significantly (Table 1). In the control
group, the baseline level was 47.93 + 3.25 pg / ml.
In the athletes of both groups it was 15% lower. In
all the groups, this parameter almost did not change
after physical exertion. Only in the weightlifters, 1
hour after exercise, its slight increase was noted.
Apparently, there is a decrease in plasma PAF con-
centration in athletes as a result of regular exercise.
This may be a factor suppressing endothelium-de-
pendent vasodilation. Some researchers believe that
platelets can stimulate endothelial reactions due to
mechanical interaction with the endothelial surface.
At the same time, this mechanism is more inertial in
comparison with eNOS and is not involved in short-
term effects after a single exercise. In weightlifters,
an increase in PAF concentration may be associated
with blood stagnation, injury to muscle tissue, and
microvascular injury.

Physical activity is accompanied by an increase
in blood pressure [14], which may influence the
growth of endothelial cells [15]. In addition, me-
chanical stimuli associated with changes in the
shear stress and stretching of the vascular wall ac-
tivate intracellular signaling cascades in the endo-
thelium, which is accompanied by the activation of
transcription factors [4].

CONCLUSION

It is obvious that the features of endothelial re-
activity in athletes of various sports in comparison
with untrained volunteers are significantly associ-
ated with the level of eNOS production both at rest
and in response to short-term physical exertion. The
platelet-activating factor can also affect endotheli-
al reactivity, but to a lesser extent, and is involved
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only in the mechanisms of adaptation to repetitive
intense physical activity. The revealed patterns can
serve both as a mechanism of adaptation to regular
training loads and as a risk factor for acute hemody-
namic dysfunctions in athletes.
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ABSRACT

Aim. To establish biomarkers for clinical, radiological, and laboratory severity of COVID-19 infection and to
identify their relationships.

Materials and methods. A retrospective study was carried out which included 155 patients undergoing treatment
at the Hospital for War Veterans No. 3 with a confirmed diagnosis of novel coronavirus infection caused by nCoV
from April 6 to June 10, 2020. All patients underwent clinical and laboratory examination. An intergroup statistical
analysis of clinical and laboratory parameters was carried out depending on the criteria of clinical severity and
severity of radiological signs of chest organ pathology according to computed tomography (CT).

Results. Patients with mild COVID-19 showed a lower level of leukocytes, urea, creatinine, bilirubin, and aspartate
dehydrogenase (AsAT), as opposed to the corresponding levels in patients with an extremely severe course of the
disease. A lower level of calcium in the peripheral blood was found in patients with severe COVID-19, along with
an increase in blood glucose.

Patients from the CT1 group as well as patients with a clinically mild course of the novel coronavirus infection
had significantly lower levels of neutrophils, urea, creatinine, AsAT, and blood glucose and a higher level of blood
calcium in comparison with patients with various CT patterns. In the group of patients with a lethal outcome,
cardiovascular diseases were significantly more often detected, as opposed to the discharged patients.

Conclusion. A number of biomarkers characterizing the severity of the novel coronavirus infection caused by
the SARS-CoV-2 virus have been identified. However, the revealed differences in the laboratory markers of the
clinical and radiological severity of the disease do not currently allow to accurately characterize the nature of the
relationship between the clinical severity of the disease, CT findings, and laboratory indicators of COVID-19
severity.
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PE3IOME

Heab. YcranoBieHne OHOMapPKEPOB KIMHUYIECKOW, PEHTTEHOJIOTHUECKON U JTAOOpATOPHOU TSXKECTH WH(EKIUU
COVID-19 u BeISIBIIEHHE UX B3aMMOCBSI3U.

Martepuajbl H MeTO/Abl. BBIIOIIHEHO PETPOCIIEKTUBHOE HCCIEAOBAHUE, B KOTOPOE BKIIOUEHBI 155 marueHToB,
MPOXOAUBIINX JiedeHue B ['ocnurane 11t BeTepaHoB BOWH Ne 3 ¢ MOATBEPKACHHBIM JUATHO30M «HOBAsi KOPOHa-
BupycHas uHpeknus, BeizBaHHas SARS-CoV-2» ¢ 6 anpens mo 10 urons 2020 r. [lanuenTaM BBINOIHEHO KIH-
HHKO-1abopaTopHoe obcnenoBanue. [IpoBeieH MEXTPYIIOBOM CTATUCTUYECKHI aHATHN3 KIMHUKO-Ia00PaTOPHBIX
MOKa3aTesied B 3aBUCHMOCTU OT KPUTEPHEB KIMHUYIECKOH TSXKECTU U BBIPAXKEHHOCTU PEHTTCHOIOTHYECKUX MPH-
3HAKOB MATOJIOTUH OPTAaHOB IPYAHON KJIETKH IO JaHHBIM KoMIbioTepHOU ToMorpaduu (KT).

PesyabTatsl. YV 6onbHBIX ¢ gerkuM TeuenneM COVID-19 otmeuascst 6osee HU3KMH YPOBEHb JISHKOIUTOB, MOUe-
BUHBI, KpeaTHHHHA, OmnnpyOuHa u acnapraraeruaporenassl (AcAT) Mo cpaBHEHHUIO ¢ COOTBETCTBYIOLIMM YPOB-
HEeM MOKa3aTeliel y MalMeHTOB ¢ KpaifHe TsKeNbIM TedeHHeM 3aboneBaHus. BrisBieH Gonee HU3KUI ypOBEHb
KaJbIMs B epudeprudeckoil KpoBH y ManueHToB ¢ TsokelbiM TedeHrneM COVID-19 u noBblnieHue B 3Toit rpymime
ypoBHS IT0K03b!I KpoBH. ITanments! u3 rpynnst KT1, kak u OoJbHbIE ¢ KIMHUYECKH JIETKUM TEUCHHEM HOBOH KO-
POHABUPYCHOM HH(]EKIMN, IMEIH JOCTOBEPHO OoJiee HU3KOE CoJiepyKaHne HeHTpOo(HIIOB, MOUEBHHBI, KPEaTHHIHA,
AcAT ¥ IITI0KO3BI KPOBH 1 00Jiee BEICOKUH YPOBEHb KalbIMs KPOBH B CPABHEHHH C MAIUEHTAMH C Pa3IHIHBIMH
KT-natrepHamu. B rpynie nanueHToB ¢ JIeTalbHBIM UCXOI0M 3HAUUMO Yallle BBISBISUIUCH CEPIeYHO-COCYAUCThIE
3a00JIeBaHus 10 CPAaBHEHHIO C BHIITMCAHHBIMU OOJNBHBIMU.

3aka04enne. YCTaHOBICHO HaJIM4ME psifa OHOMapKepoB, XapaKTePHU3yIOMNX TSHKECTh TeUEHHs HOBOHM KOpOHa-
BUPYCHOH MH(peKnuH, Be3BaHHOH BupycoM SARS-CoV-2. OnHako BEISBICHHBIE Pa3iIMiMs B Ta0OPaTOPHBIX Map-
Kepax KIMHUYECKOH M PEHTTCHOJOTHYECKOH TSKEeCTH 3a00JeBaHMsI HE MO3BOJIAIOT B HACTOSAIIMM MOMEHT JaTh
OJIHO3HAYHBII OTBET HA BOIIPOC O XapaKTepe B3aUMOCBSI3H MEXK 1y KIMHUYECKOH TskecThio TeueHus, KT-kapTunoi
1 1a00paTOpHEIMU MOKa3zaressiMu Tshxkectd COVID-19.

Kawuessle ciioBa: SARS-CoV-2, COVID-19, numdbonutsl, D-mumep, TH0K03a, KaablUi, KOMIIBIOTEPHAS TOMO-
rpadusi, KIMHUYECKAS TSHKECTh.
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KoHpankT nHTepecoB. ABTOPHI ACKIapUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIMAIBHBIX KOH(IIUKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKanueil HacTOsIeH CTaThU.

HUcTounuk Q)nﬂancnposannﬂ. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU q)HHaHCI/IpOBaHI/ISI IpH MpOBECACHUN UCCIIEN0-

BaHUA.

CooTBercTBHE NPUHIHMNAM 3THKH. OT KQXAOTO W3 BKIIOYEHHBIX B HCCIEIOBAHNE YIACTHHKOB OBIIO MOTyde-
HO HH(POPMHpPOBaHHOE NOOpOBONIBHOE cornacue. Mccnenosanne ogodpeno I[leppeivm MI'MY um. .M. CeuenoBa

(mportokou Ne 19-20 ot 02.07.2020).

Jast untupoBanus: Kapunaymkuna M.A., Tononsuckas C.B., Auronosa E.B., Mamok H.B., Bacunsesa U.C.,
Crpytbiackas A.Jl., Tropun W.E. buomapkepbl KIMHUUECKOH U PEHTTCHOJIOTHMUYECKON TSKECTU HOBOM KOpOHa-
BUpYCHOH nH]eKIHH, Be3BaHHON BupycoM SARS-CoV-2, n nx accoluanys ¢ TSHKEIbIM BApHAHTOM €€ TCUCHUSL.
brwonnemens cubupckoii meduyunst. 2021; 20 (1): 50-58. https://doi.org: 10.20538/1682-0363-2021-1-50-58.

INTRODUCTION

In March 2020, the World Health Organization
announced the beginning of a pandemic of a novel
coronavirus infection (COVID-19) caused by the
SARS-CoV-2 virus, predominantly affecting the re-
spiratory tract [1]. Pathological exposure to SARS-
CoV-2 leads to the formation of a hyperergic re-
sponse of the immune system in some patients [2].
This entails the development of extensive damage to
the pulmonary parenchyma, multiple organ failure,
clinically reported as a septic shock, and cytokine
storm [3-5]. Furthermore, in severely ill patients,
viremia causes damage to the heart, liver, pancreas,
and kidneys [5-7].

According to various studies, the severity of the
clinical condition most significantly correlates with
lymphopenia, increased number of neutrophils,
C-reactive protein (CRP), ferritin, interleukins-1,6,
and elevated D-dimer leading to intravascular hy-
percoagulation [6—10]. Several studies have recent-
ly been published demonstrating the relationship
between hypocalcemia and hyperglycemia and a
severe course of the disease [3—8].

Cases with multiple organ lesions and hyperacti-
vation of the immune system demonstrate extreme-
ly high mortality. Current mortality rate from the
novel coronavirus infection ranges from 3 to 10%
[1,2, 11-13]. Despite the large number of published
studies investigating markers of a severe COVID-19
course, there is still a lack of reliable early clinical
and radiological predictors of such a fatal condition.
In addition, several cases reveal clinicoradiological
dissociation, when there is a mismatch between the
volume of the lesion on the computed tomography
of the lungs (CT) and clinical data. Thus, study-
ing the features of the severe and extremely severe

clinical course of COVID-19 and searching for its
early biological markers should be a priority direc-
tion in the current studies.

The aim of the study was to reveal biomarkers
of clinical, radiological, and laboratory severity of
COVID-19 and to analyze their relationships.

MATERIALS AND METHODS

A retrospective cross-sectional study was con-
ducted. From April 6 to June 10, 2020, by a simple
random selection method, 155 patients were inclu-
ded in the study: 82 (52.9%) men and 73 (47.1%)
women, who underwent treatment at the Hospital
for War Veterans No. 3 with a confirmed diagnosis
of the novel coronavirus infection caused by SARS
CoV-2. The average age of the patients was 64.0
(59.5-81.0) years.

The diagnosis of the novel coronavirus infection
was confirmed by a positive polymerase chain re-
action carried out upon admission of patients to the
hospital and characteristic CT symptoms of the in-
fection.

The study was carried out according to the prin-
ciples of Declaration of Helsinki (2013), national
guidelines for good clinical practice of the Russian
Federation, and other corresponding ethical stan-
dards and approved by the local Ethics Committee
at .M. Sechenov First Moscow State Medical Uni-
versity (Protocol No. 19-20 of 02.07.2020).

After admission, all patients underwent clini-
cal and laboratory examination (collection of an-
amnestic data, physical examination, clinical and
biochemical blood tests, and a coagulation test)
and chest CT. A follow-up CT scan was performed
on the 10" day of the hospitalization, if no indica-
tions for earlier investigation were revealed. Chest
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CT was performed with multidetector CT scanners
(Toshiba Aquilion One 160 (Japan) and Toshiba
CXL 64 (Japan)) using a standard CT protocol. The
patients were treated according to the current na-
tional guidelines for preventing, diagnosing, and
treating the new coronavirus infection (COVID-19)
[1]. All patients were over 18 years, had no mental
disorders, did not suffer from alcohol or drug abuse,
and signed an informed consent.

To achieve the established aim, we carried out an
intergroup statistical analysis of clinical and labora-
tory parameters depending on the criteria of clinical
severity and the severity of the disease according
to CT findings. As clinical criteria of COVID-19
severity, we used the criteria recommended in the
methodological guidelines for preventing, diag-
nosing, and treating the novel coronavirus infec-
tion (COVID-19) [1]. As CT criteria of the disease
severity, we used the X-ray criteria for diagno-
sing inflammatory changes in the chest organs in
COVID-19 [2].

Statistical analysis was performed using Statis-
tica 10.0 software (StatSoft Inc, USA). Compari-

sons among the groups were performed using the
Kruskal — Wallis H test. Assessment of the diffe-
rences in the mean values in pairwise independent
samples was performed using the Mann — Whitney
U test. Qualitative data are presented as absolute or
relative (%) values. Quantitative variables are pre-
sented as M £+ SD, where M is the arithmetic mean,
and SD is the standard deviation. The difference in
values was considered statistically significant at p
< 0.05. Correlation analysis with Spearman’s cor-
relation coefficient and one-way regression analysis
were carried out to analyze the dependencies. The
correlation was considered strong if the correlation
coefficient was from = 0.7 to + 1; it was considered
average if the coefficient was from + 0.3 to £+ 0.699;
and weak if it ranged from 0 to + 0.299.

RESULTS

The obtained data indicate a significantly lower
level of neutrophils in the peripheral blood in pa-
tients with mild COVID-19 in comparison with pa-
tients with a severe and extremely severe course of
the disease (Table 1).

Table 1

Comparative analysis of laboratory parameters in patients upon admission to the hospital, depending on the severity of COVID-19

Parameter Clinical severity Clinical severity Clinical severity Clinical severity o
1 2 3 4

Leukocytes 63 £3.6 7.67+39 8.52+ 4.7 947+438 0.007
Neutrophils 446+3.2 555+3.7 6.90+ 4.5 8.10+4.8 0.02
Total protein 653+6.8 643+52 63.2+5.1 58.4+4.6 0.02
Albumin 36.4+4.1 339+£5.6 326+54 29.1+£2.6 0.001
Urea 73+24 6.9+22 10.7+3.8 153+4.1 0.002
Creatinine 126.5+31.2 114.8 £30.1 116.5+29.6 176.1 £32.6 0.005
Bilirubin 13.5+4.1 11.3+3.9 13.4+3.6 21.9+52 0.007
AST 59.2+£26.2 51.9+233 91.0+£59.3 102.8 £ 65.5 0.01
Calcium 0.98 +0.35 0.93+0.24 0.85+0.29 0.49+0.16 0.002
Glucose 6.99+2.7 7.46+2.8 8.28+£3.2 11.9+3.8 0.02

* Kruskal — Wallis test (here and in Table 2)

Further, some other statistically significant dif-
ferences were found in a number of laboratory pa-
rameters among patients with a mild course and
patients with an extremely severe course of the di-
sease. So, in patients with mild COVID-19, there
were lower levels of leukocytes, urea, creatinine,
bilirubin, and aspartate aminotransferase (AST),
as opposed to the group of patients with extreme-
ly severe disease. In addition, patients with a mild

course of COVID-19 had significantly higher con-
centration of albumin than patients with a more se-
vere disease course.

Patients with a severe course of COVID-19 had
a significantly lower level of calcium and increased
glucose concentration in blood (Table 1). No data
on the significant differences in the levels of oth-
er electrolytes (sodium, potassium, chlorine, iron)
between the groups were obtained.
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In order to identify the differences in clinical
and laboratory parameters in patients stratified ac-
cording to the severity of COVID-19 following CT
findings, an intergroup comparative analysis was
carried out (Table 2).

As it is shown in Table 2, patients from the CT1
group, similarly to patients with a clinically mild
course of the disease, had significantly lower levels
of neutrophils, urea, creatinine, AST, and blood glu-
cose and a higher level of blood calcium than oth-

er participants. Additional laboratory markers were
established (lymphocytes, eosinophils, lactate dehy-
drogenase (LDH), D-dimer, and C-reactive protein
(CRP)), according to which the patients in the groups
differed and patients with different clinical severity
of the disease did not differ. From the data presented
in Table 2, it can be seen that patients from the group
with less pronounced changes in the lung tissue had
a higher level of lymphocytes in the peripheral blood
and lower levels of LDH, D-dimer, and CRP.

Table 2

Comparative analysis of laboratory parameters in patients with COVID-19 upon admission to the hospital, depending
on the degree of changes detected by CT of the chest organs (CT0-CT4), M + SD

Parameter CT1 CT2 CT3 CT4 p*
Neutrophils 478 +3.3 598 +3.7 5.73+3.6 7.46+3.9 0.01
Leukocytes 1.66 £ 0.62 1.18£0.71 1.29+£0.9 0.94+0.32 0.001

Albumin 36.9+4.6 333+ 3.7 33.6+5.2 304+238 0.001
Urea 63+52 8.1+3.6 8.5+4.7 12.1+83 0.001
Creatinine 123.4+£78.1 1303 +£65.4 103.5+56.9 152.1 £90.0 0.01
AST 43.6+ 12.5 62.3+£249 75.2+£28.7 77.1 £30.8 0.02
LDH 563.4+102.5 826.2 +259.4 866.9 +234.9 1,103.0 £ 522.4 0.003
Calcium 1.06 +0.46 0.94+0.21 0.84 +£0.32 0.703 £0.18 0.01
Glucose 6.49+23 7.41+£2.7 8.12+2.5 10.0+4.2 0.001
D-dimer 583.2+132.4 1,780.9 + 1,446.9 1,663.6 £ 1,165.4 1,750.3 +1,240.8 0.001
CRP 484+ 23.7 125.8 £82.2 127.4+73.5 171.0 £90.4 0.001

* Kruskal — Wallis test

The next stage of the statistical analysis included
a comparative analysis of the clinical and laboratory
parameters in patients with deterioration according
to CT, who were divided into groups depending on
the outcomes (discharge from the hospital / death).
Out of 104 patients with negative CT dynamics, the
outcome was fatal in 82 patients. Upon admission,
the condition of the patients with subsequent lethal
outcome was assessed as severe in 61 (73.8%) cases
and as extremely severe in 21 (26.2%) individuals.
However, CT patterns upon admission were dis-
tributed as follows: CT2 was detected in 19 (23%)
patients, CT3 — in 44 (54%) patients, and CT4 — in
19 (23%) patients. Pairwise comparison (Mann —
Whitney test) revealed significant differences in
the levels of lymphocytes, eosinophils, LDH, D-di-
mer, and CRP between the CT2 and CT3—4 groups
(»p < 0.01). However, between patients of CT3
and CT4 groups, only insignificant differences
(p <0.05) in the concentrations of lymphocytes and
urea were revealed.

We also obtained data indicating that a part of
the participants (15 (9.6%) patients) with CT3—4 le-
sions had a mild clinical course of the disease and /
or had no pathological changes in the clinical labo-
ratory data at the time of the discharge.

At the next stage of the work, we looked closer
at the patients with lethal outcome. All these par-
ticipants underwent a postmortem examination, so
it was possible to establish particular complications
of COVID-19 and causes of death with certainty.
The postmortem examination data analysis con-
firmed acute respiratory distress syndrome (ARDS)
as a complication of the disease in 80 (97.5%) pa-
tients who had died. Pulmonary embolism (PE) was
detected in 8 (9.8%) patients, sepsis — in 2 (2.4%)
cases, and ischemic stroke — also in 2 (2.4%) pa-
tients. Concomitant bacterial infection was found in
58 (70.7%) people, which was confirmed by intrav-
ital tracheobronchial aspiration and the presence of
areas of neutrophil infiltration in the lung parenchy-
ma upon the postmortem exa — mination.
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We studied the distribution of concomitant pa-
thologies in patients with different outcomes of the

disease (discharge from the hospital / death). The
data between the groups are presented in Table 3.

Table 3

Distribution of comorbidities in patients with different outcomes of COVID-19

Parameter Discharged patients, n =73 Patients with the lethal outcome, n = 82
Arterial hypertension 38 (52%) 67 (81.7%)
Ischemic heart disease 33 (45%) 52 (63.4%)
Chronic heart insufficiency 9 (12%) 44 (54%)
Diabetes 29 (40%) 29 (35.4%)
Malignancy (in the medical history) 44 (60%) 13 (16%)
Chronic lung diseases 47 (64%) 26 (32%)
No comorbidity 26 (36%) 12 (14.6%)

In the group of patients with the lethal outcome,
cardiovascular diseases were significantly more
often detected in comparison with discharged pa-
tients. At the same time, a concomitant pathology in
this group was absent only in 14.6% of patients, in
contrast to the group of individuals discharged from
the hospital, where the concomitant pathology was
absent in almost 1/3 of observations. This may indi-
cate that the concomitant cardiovascular pathology
to a greater extent is associated with an unfavorable
outcome of the disease.

Analysis of the relationships between the data
of clinical and laboratory studies and the clinical
and radiological severity of COVID-19 showed a
strong positive correlation with the levels of neu-
trophils, albumin, creatinine, urea, and calcium.
A strong negative correlation was found between
lymphocyte counts and the radiological severity. A
moderate positive correlation was found between
the level of D-dimer, glucose, and CRP and the ra-
diological severity. These data confirm the value of
the comprehensive analysis of laboratory parame-
ters, clinical examination data, and a CT pattern of
the disease.

DISCUSSION

The results of our study of clinical biomarkers of
severe and extremely severe courses of COVID-19
do not contradict with the data published in the lit-
erature. We demonstrated that serum levels of neu-
trophils, lymphocytes, albumin, urea, creatinine,
D-dimer, calcium, glucose, and CRP are associated
with the severity and outcome of the disease in pa-

tients with COVID-19. Some researchers also re-
vealed the influence of concomitant bacterial infec-
tion (leukocytosis, neutrophilia, and increased CRP
levels) on aggravation of the course of COVID-19
[5, 6, 9]. According to the same researchers, elevat-
ed levels of CRP, AST, LDH, D-dimer, and lym-
phocytopenia were almost not registered in patients
with mild COVID-19, in contrast to patients with a
severe course of infection [6, 7]. These findings em-
phasize rare concomitant bacterial infection and de-
velopment of multiple organ failure in patients with
a mild course of the novel coronavirus infection.

In some other studies, hypocalcemia was used
as a prognostic marker of the severe and extreme-
ly severe course of COVID-19 [7-9]. Low serum
calcium concentration can result from decreased
absorption of electrolyte in the intestine, dysregula-
tion of calcium metabolism against the background
of hyperparathyroidism and a decrease in vitamin D
level, and direct viral exposure. It was shown that in
various viral infections calcium is required for pen-
etration of the virus in the host cells, its maturation,
and replication. For example, with similar infection
caused by a virus of the same SARS-CoV family,
intracellular impairment of calcium homeostasis
promoted the activation of pro-inflammatory mech-
anisms and an increase in the levels of IL-1, IL-6,
and tumor necrosis factor a. This pathological state
resulted in damage to the lung tissue [13].

Hypoalbuminemia and increased serum creat-
inine and urea may be considered as biomarkers
of the development of multiple organ failure [7,
9]. What is more, several studies demonstrated the
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connection between hypoproteinemia and hypocal-
cemia in the acute phase of COVID-19 and their
association with the lethal outcome of the disease
[5, 10].

Our analysis revealed an increased blood glucose
level in patients in the acute phase of COVID-19.
Glucose values were significantly higher in the se-
vere and extremely severe course of the disease.
Diabetes mellitus is considered one of the most fre-
quent concomitant pathologies that aggravate the
course of COVID-19 [14, 15]. In our group of pa-
tients, 58 (37.4%) people had had the diagnosis of
diabetes mellitus before admission to the hospital.
At the same time, hyperglycemia during hospital-
ization was registered in 72 (46.5%) patients. Since
in the majority of patients who had no history of
diabetes mellitus, hyperglycemia was transient and
resolved at the time of discharge from the hospi-
tal, the diagnosis of diabetes mellitus was not made
upon discharge.

Such an increase in blood glucose levels detect-
ed in our patients is consistent with the results of
other studies [8, 16]. Hyperglycemia in COVID-19
patients is likely associated with damage to the
pancreas. Pancreatic damage, with increased levels
of amylase and lipase in blood, was also reported
in the study by D.J. Drucker (2020). According to
this author, a moderate increase in glucose levels
was found in more than 2/3 of patients [16]. Im-
pairment of carbohydrate metabolism may develop
due to tropism of SARS-CoV-2 to two receptors
(ACE2 (angiotensin-converting enzyme-2) and
DPP-4 (dipeptidylpeptidase-4)), which are in-
volved in various stages of carbohydrate metabo-
lism. In addition, these receptors can be involved
in the regulation of inflammatory reactions and the
functional state of the cardiovascular system and
kidneys. Thus, the expression of ACE2 in both en-
docrine and exocrine pancreatic tissue can cause
the development of pancreatitis in a number of pa-
tients against the background of COVID-19, which
contributes to the exacerbation or de novo emer-
gence of diabetes mellitus in the severe course of
this infection [16].

Since the assessment of the clinical severity of
the course of COVID-19 is based not only on the
results of clinical and laboratory research methods,
but also on the radiological characteristics of the
pulmonary lesion, several researchers attempted to

use CT as a prognostic criterion for the clinical dis-
ease severity [2].

In the course of the study, no significant rela-
tionship between the clinical and radiological char-
acteristics of COVID-19 and its outcomes was
found. Thus, we identified statistically significant
differences in the markers of the infectious and
inflammatory process, lymphocytes, urea, creat-
inine, LDH, AST, calcium, glucose, and D-dimer
between the groups of patients with different radio-
logical severity at initial CT scanning. These dif-
ferences were not found in the groups of patients
divided according to the same classification upon
discharge; even though upon discharge, a lot of pa-
tients retained radiological changes corresponding
to both CT 1-2 and CT 3—4 grades. There were
only minor differences in the lymphocyte and urea
levels between the patients from the CT3 and CT4
groups.

In May 2020, an article was published, where
the authors point out that older age and high LDH
are independent risk factors for a severe course of
COVID-19 even in patients with a mild course of
the disease [17]. These data also correlate with our
results.

CONCLUSION

Our results indicate several biomarkers of the
severity of the course of the novel coronavirus in-
fection caused by the SARS-CoV-2 virus. Howev-
er, the revealed differences in laboratory markers of
the clinical and radiological severity of the disease
do not currently allow to accurately characterize the
nature of the relationship between the clinical se-
verity of the disease course, CT changes, and labo-
ratory parameters of COVID-19 severity.
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ABSTRACT

Background. The increased incidence of inflammatory bowel disease (IBD) in the world and the lack of consensus
on the causes and development mechanisms of IBD are the key factors that determine the relevance of the study.
According to some authors, in the pathogenesis of the development and occurrence of ulcerative colitis, one of
the leading causes is a change in the composition of the colon microflora and the impact of products of microbial
metabolism on the enteric nervous system and intestinal motility.

The aim was to study the qualitative and quantitative changes in the colon microbiota in rats when modeling
ulcerative lesions.

Materials and methods. The experimental study was carried out using male Wistar rats (n = 24). An original
model of ulcerative colitis was used.The quantitative and qualitative composition of the parietal microflora of the
distal colon was determined.

Results. In the ulcerative colitis model, changes in the qualitative and quantitative composition of the parietal
microflora of the colon were revealed. On the 3™ day, there was a decrease in Lactobacillus ssp. and Escherichia
coli, as well as growth of fungal microfiora and appearance of opportunistic bacteria. The changes were progressive
in nature, and by the 7" day of the study, marked reduction of the total parietal concentration of the normal flora
bacteria and an increased percentage and absolute number of opportunistic microorganisms. By the 10" day of the
experiment, with a small increase in the total number of parietal bacteria, the predominant microorganisms were
Bacteroides ssp. (26.8%) and Peptococcus ssp. (27.6%).
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Pe3y/IbTaTbl OL€EHKHN MVIKpOGMOTbI B YC/IOBUAX SKCNEPUMEHTA/IbHOIO
A3BEHHOI0 NOpa*e€HuA TO/ICTOM KULLKMU

Kum A.L.", NenexoBa C.A.?, YawkoBa E.10.", Kosanb E.B.’, MnuBoBapos 0.U1.",
®apeesBa T.B.", lonbpbepr O.A.’

I Upxymckuil nayunotil yenmp xupypeuu u mpaemamonozuu (MHIXT)
Poccus, 664003, 2. Hpkymck, yn. bopyoe Pesonoyuu, 1

2 Upxymexuii nayunvitl yenmp (MHL]) Cubupckozo omoenenust Poccutickoii akademuu nayk (CO PAH)
Poccus, 664033, 2. Upkymck, ya. Jlepmonmosa, 134

PE3IOME

BBenenne. SI3BeHHBI KOIUT — XPOHHYECKOE PEIUAMBHPYIONIEE CHCTEMHOE BOCHAIHMTEIbHOE 3a0oieBaHue c
MIPEHMYIIECTBCHHBIM TOPAKEHHEM CIIU3HCTON O0OMOYKM TONCTOM KHWIKH. Kaskaplif rox perucrpupyercs 1o
20 HOBBIX caydaeB 3aboneBanus Ha 100 TbIc. HaceleHNUs, B OCHOBHOM CPEJH JINI TpyA0cocoOHoro Bo3pacra. Ilo
MHEHHIO psiJia aBTOPOB, B IATOTEHE3€ PAa3BUTHS U BOSHUKHOBEHHS 3a00I€BaHUs OJJHY U3 BEAYIINX IPHIUH UTPaeT
U3MEHEHHE B COCTaBe MHUKPOQIOPHI TOJICTOI KHIIKH, a TAKKe MPOAYKTHI UX MeTab0IM3Ma, BO3ICHCTBYIONIHE HA
SHTEPHHOBYIO CHUCTEMY X MOTOPHKY KHIICYHUKA.

Heab. V3yunts nmoka3aTeian MUKPOOHOTHI TOJICTON KHMIIKH y CaMIIOB KpbIC JIMHUK BucTtap mpu MoxenupoBaHUU
SI3BEHHOTO TTOPAXKEHHS.

MatepuaJbl H METOIbI. DKCIIEPUMECHTAILHOE HCCIICAOBAHUE BBITOIHEHO C UCTIOJIL30BAHUEM CAMIIOB KPBIC IMHUU
Buctap (n = 24). [IpeiosxkeH OpUTrHHAIBHBIN CTOCO0 MOJIEIH S3BEHHOTO KONUTa. ONpe/iesicH KOJHUSCTBCHHbIH U
Ka4eCTBCHHBIN COCTaB MPUCTEHOYHOU MUKPOMIOPHI AUCTAILHOTO OT/eIa TOJICTON KUIIKH.

Pe3yabTaThl. BrIBICHE H3MEHEHNS! KQUECTBEHHOTO M KOJIMYECTBEHHOTO COCTaBa IMPHUCTEHOYHOH MHUKPO(IOpPHI
TOJICTOM KWINKHK: HA 3-M CyT OTMEYaIN CHIDKeHUE KOHIeHTpauuu Lactobacillus ssp. u Escherichia coli, a Tak-
K€ POCT TPHOKOBOM MUKPO(MIOPHI, MOSBICHHE IIPECTaBUTENIEH YCIOBHO-IIATOTeHHOH MUKpOQIIops!. V3MeHeHus
HOCHJIH TIPOTPECCUPYIOMINH XapaKTep, U YKe K 7-M CYT BBISIBIISUIN BEIPAXKEHHOE CHIDKEHHUE 00IIel IPUCTCHOYHOH
KOHIICHTpauy OakTepuii HOPMOQIOPH! U IIOBHIIIEHHE IPOIEHTHOTO M aOCONIOTHOTO YHCIIa IPEeNCTaBUTENCH
ycnoBHO-nIaToreHHoH Muxpoguiopsl. K 10-M cyT skcnepuMeHTa IpH MaloM yBEIHYEeHHH OOIIeH YHCICHHOCTH
MIPUCTEHOYHBIX OakTepuii mpeobnanaromeit MUKpoIIopoi sSBisoTCst Bacteroides ssp. (26,8%) u Peptococcus ssp.
(27,6%).

KiroueBble ci10Ba: SI3BCHHBIN KOJIUT, 6aKTepI/IOJ'[OFI/IH, MI/IKpO(bJ'IOpa, OKCIICPUMEHT.

KoHduMKT HHTEpecoB. ABTOPbI ACKIAPUPYIOT OTCYTCTBHE SBHBIX M IOTCHINAJIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaKeil HaCTOSIIEeH CTaThH.

HUcTounuk Q)mlaﬂcnponamm. ABTOpI)I 3asIBJISIOT 00 OTCYTCTBHUHU (bI/IHaHCI/IpOBaHI/ISL

CooTBeTcTBHE MPpUHIMNIAM 3THKH. VccienoBanne o100peHO KOMHTETOM TI0 OromeauuuHckoit atnke MHIXT
(potoxou Ne 7 ot 26.06.2017).

Jast nmtupoBanusi: Kum A.J1., Jlenexosa C.A., Hamkosa E.1O., Kosans E.B., [Tusosapos 10.U., daneesa T.B.,
Tonpabepr O.A. Pe3ynbTaThl OIICHKH MEKPOOHOTHI B YCIIOBHSX YKCIIEPUMEHTAIBEHOTO SI3BEHHOT'O MTOPAKEHHS TOJI-
CTOM KUIIKHU. Bronnemens cubupckoti meouyunst. 2021; 20 (1): 59-66. https://doi.org: 10.20538/1682-0363-2021-
1-59-66.

Results of the microbiota assessment in experimental ulcerative colitis

INTRODUCTION

The incidence rate of inflammatory bowel di-
s- ease (IBD) in the world and the absence of a con-
sensus concerning the reasons and mechanisms of
the IBD development are the key factors determin-
ing the study relevance. One of the pathogenetic

mechanisms of the IBD development is considered
to be the abnormality in the intestine microflora
composition [1]. In normal conditions, the microflo-
ra of the colon contains over 500 species of different
microorganisms, 92-95% of which is the so-called
obligate microflora represented by Bifidobacterium,
Lactobacillus, and nonpathogenic Escherichia coli
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(E. coli). Normal microflora executes such func-
tions as regulation of water and salt metabolism,
gas composition, metabolism of all nutrients, colo-
nization resistance, detoxication of exogenetic and
endogenic substrates, morphokinetic action, muta-
genic and immunogenic functions, and energy pro-
duction for host cells, and, therefore, is an essential
“organ” of our body [2—4].

It is known that disruption of the normal intes-
tinal microbiota balance results in occurrence of
pathologic processes in mucous membranes. Quan-
titative and qualitative composition of the colon
microbiota depends on a set of both endo- and exo-
genous factors. Thus, quantitative and qualitative
composition of microflora, even for representatives
of one species, can vary greatly, within wide limits,
which is determined both by the place of residence
and diet. Microflora of all patients with IBD is
characterized by development of dysbacteriosis, in
which a decrease in the normally prevailing Firmi-
cutes and Bacteroidetes types and an increase in the
Proteobacteria E21 type are observed. However,
no uniform changes in the composition of intesti-
nal microflora characterizing the specific features of
this pathology were detected [1].

Changes in the composition of intestinal mi-
croflora in patients with irritable bowel syndrome
mainly consist in reduction of Lactobacilli and Bi-
fidobacteria and prevalence of aerobic organisms
over anaerobic ones.. Moreover, the parietal com-
position of microflora in patients with irritable bow-
el syndrome includes a greater variety of microor-
ganisms than in healthy people [5, 6]. During the
development of dysbacteriosis caused by a certain
etiological agent, a specific change is the detection
of the etiological agent in both the luminal and pa-
rietal microflora.

The aim of the work was to study the qualitative
and quantitative changes in the composition of the
parietal microflora of the colon under conditions of
the ulcerative colitis modeling.

MATERIALS AND METHODS

The experimental study was performed at the vi-
varium of Irkutsk Scientific Center of Surgery and
Traumatology (vivarium of the I category, Veter-
inary Certificate 238 No. 0000023 of 28.11.2015,
veterinary service of Irkutsk Region) on male Wis-
tar rats with the weight of 280-350 g (n = 24) and

aged over 6 months. Among the experimental an-
imals, 6 rats made up a control group of healthy
animals required to obtain reference values. In the
group of rats with modeled ulcerative colitis, 6 ani-
mals were bred for each microbiota examination
term. The animals were kept in the vivarium with
free access to water and food in accordance with the
national standard “Keeping Experimental Animals
in Nurseries of Research Institutes”.

The experiments were performed according to
the standards of humane animal care, which are
regulated by the “Rules of Work Performance with
Use of Experimental Animals” (Appendix to the Or-
der of the Ministry of Health of the USSR No. 755 of
12.08.1977 and No. 48 of 23.01.1985 “On Control
over Work Performance with use of Experimental
Animals”, provisions of the World Medical Associ-
ation’s Declaration of Helsinki adopted in 1964 and
amended in 1975, 1983, and 1989) according to the
Protocol approved by the Bioethics Committee. All
surgical interventions were performed under aseptic
conditions and general anesthesia.

An original method for modeling ulcerative le-
sion of rat colonic wall was developed [7]. The
parietal microflora of colon biopsy material was
assessed by bacteriological methods including the
study of qualitative and quantitative composition of
aerobic, facultative anaerobic, anaerobic microflo-
ra, fungi of the genus Candida within certain time
intervals of the experiment using highly selective
solid and liquid media, the aerobic and anaerobic
cultivation techniques, diagnostic short-term tests
and the semi-automatic microbiological analyzer
“ATB Expression” (Biomerieux, France) in accor-
dance with the current regulatory documentation
(OST 91500.11.0004-2003. Patient Management
Protocol. Intestinal Dysbacteriosis. Order of the
Ministry of Health of the Russian Federation No.
231 of 09.06.2003). The material was collected
according to the methodological guidelines MU
4.2.2039-05 “Technique for Biomaterial Collec-
tion and Transportation in Microbiological Labo-
ratories”. The samples were delivered to the labo-
ratory within an hour. Upon weight determination
(with accuracy to 0.001 g), the biopsy material was
thoroughly homogenized in 0.85% sodium chloride
solution at the rate of 1:10. Ten-fold dilutions of the
homogenate up to 10*-10""(weight / volume) were
prepared from the produced suspension.
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Cultures for an extended set of media for aerobic
and facultative anaerobic bacteria (Endo’s, Ploski-
rev’s, Levin’s media, egg yolk salt agar, meat infu-
sion agar with 5% blood, Bismuth sulphite agar, etc.)
were performed from thecorresponding dilutions.
For anaerobe recovery, fluid thioglycollate medi-
um, Blaurock medium, Wilson — Blair medium, and
anaerobic blood agar were used, to which base 5%
laked blood, 10 pg / ml vitamin K and 5 pg / ml
hemin were added. For fungus recovery, Sab-
ouraud’s medium was used. Anaerobic microflora
was cultivated under strict anaerobic conditions
using the GEN-box anaer devices (BioMerieux,
France) and the gas-generating kit (HiMedia
Laboratories, India).

The results were recorded in corresponding time
intervals. The result was expressed in CFU / g con-
sidering the initial weight of the biopsy material and
the homogenate dilution ratio.

The obtained data were presented in the form of
median percent with lower and upper the median
Me with lower and upper quartiles (Q —Q,). The
significance of the differences in the obtained data
(» <0.05) in the compared samples were determined
by the Mann — Whitney U test. Statistical process-
ing of the results was performed with the Statistica
10.0 for Windows software package (License No.
AXAR402G263414FA-V) [8].

RESULTS AND DISCUSSION

The qualitative and quantitative composition of
parietal microflora on the 3, 7% and 10" days of
the experiment was assessed using the developed
original experimental model of ulcerative lesion
of the distal colon segment with wall ischemia and
maintained inflammation. Modeling was performed
by surgical intervention with parietal recovery,
legation and transection of the direct artery branch-
es of the colon with accompanying veins within 3
cm from the urinary bladder base for ischemic dam-
age of the distal segment of the colonic wall. One
day after the intervention, the experimental animals
received 1% aqueous solution of dextran sulfate so-
dium orally by free drinking throughout the whole
experiment to maintain inflammatory process in the
colonic wall.

When assessing quantitative and qualitative
composition of the colon parietal microflora of
healthy animals, it was determined that 95% of the

parietal microbiota was obligate flora represented
by Lactobacillus spp. (48.7 %), Bacteroides ssp.
(31.7%), Peptococcus spp. (14.6%), Enterococcus
Jfaecium (2.9%), gram-positive rods (1.2%), Bifido-
bacterium spp. (0.7%), E. coli (0.1%), and others
(0.1%) (Fig.1, Table 1).

M Lactobacillus spp.

Peptococcus spp.
M Other bacteria

M Baciroides spp.

Fig. 1. The percentage of the parietal microflora of the colon in
healthy Wistar rats

According to the results of the bacteriological
examination, by the 3™ day of the experiment, it
was determined that against induced ulcerative
colitis, reduction of the total bacterial count was
noted by more than 2 times in comparison to
healthy animals. In absolute numbers, it was re-
flected in reduction of the quantity from 8.21 x 10°
to 3.92 x 10’ due to a significant decrease in the
number of E. coli (10-10%), Enterococcus faecalis
(10"-10%), gram-positive rods (10°-10°), and Bac-
teroides ssp. (108-10°), with an accompanying sig-
nificant increase in Bifidobacterium spp. (10"—10%)
(p < 0.05). The comparative analysis of the per-
centage of parietal microflora in the animals with
induced ulcerative colitis on the 3™ day of the ex-
periment showed an increase in Bifidobacterium
spp. from 0.7% to 38.3 %, Lactobacillus spp. from
48.7% to 61.3 %, as well as a reduction of facul-
tative microflora representatives from 51.3 % to
0.4% in comparison with healthy animals.
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Table 1

The quantitative and qualitative composition of the colon parietal microflora in the original model of ulcerative colitis

(Lg CFU / g), Me (2,-0,)

LgCFU /g
Frequency, %
Parameter Norm 34 day 7t day 10" day
1 6.1 (6.0-6.3) 3.7 (3.0-4.3)* 1.7 (0-4.0)* 3.8(3.6-3.9)*
100% 100% 50% 100%
2 3.0 (0-5.0) 0(0-4.0) 0 (0-0) 0 (0-0)
66.7% 33.3%
3 3.5(3.5-4.0) 3.0 (0-4.0) 0 (0-0)* 0 (0-0)*
100% 66.7%
4 7.0 (5.0-7.2) 3.75 (3.5-3.9)* 0 (0-0)* 0 (0-0)*
100% 100%
5 1.3 (0-3.0) 1.5 (0-3.6) 0 (0-3.0) 0 (0-0)
50% 50% 33.3%
6 5.0 (5.0-6.3) 0 (0-4.0)* 0 (0-0)* 0(0-5.0)
100% 33.3% 33.3%
7 0 (0-5) 3.0(0-3.2) 0 (0-0) 0(0-0)
33.3% 66.7%
8 7.0 (7.0-7.0) 8.0 (8.0-8.0)* 3.0 (0-6.0)* 5.5 (5.0-6.0)*
100% 100% 50% 100%
9 9.0 (5.0-9.0) 8.0 (8.0-9.0) 2.5 (0-5.0)* 6.0 (5.0-6.0)
100% 100% 50% 100%
10 8.0 (8.0-8.3) 5.0 (5.0-6.0)* 2.5 (0-5.5)* 6.0 (5.0-6.3)*
100% 100% 50% 100%
11 0 (0-0) 0 (0-6.0) 0 (0-0) 0 (0-0)
33.3%
12 0 (0-0) 0 (0-0) 0 (0-0) 2.5(0-5.3)
16.6% 50%
13 0(0-8.3) 0 (0-6.0) 0 (0-0) 6.0 (5.6-6.0)
33.3% 33.3% 100%

Note: 1 — E. coli; 2 — Proteus mirabilis; 3 — Citrobacter freundii; 4 — Enterococcus faecalis; 5 — Staphylococcus epidermidis; 6 — gram-positive
rods, 71— Candida spp.; 8 — Bifidobacterium; 9 — Lactobacillus, 10 — Bacteroides ssp.; 11 — Actinomyces spp.; 12 —Vellonella spp.; 13 — Peptococcus

spp, * — statistically significant difference by the Mann — Whitney test in comparison with normal values (p, < 0.05).

It is known that Lactobacillus can produce lactic
acid, hydrogen peroxide, lysozyme, and substances
with antibiotic activity, such as reuterin, plantaricin,
lactocidin, and lactoline. Along with Bifidobacteria,
Lactobacilli interact with enterocytes and stimulate
body defense mechanisms, increasing the regene-
ration rate of mucous membrane, having an effect
on synthesis of antibodies to related but pathoge-
nic microorganisms, and activating phagocytosis
and synthesis of lysozymes, interferons, and cyto-
kines. Lactobacilli produce a number of hydrolytic
enzymes, particularly, lactase and decomposable
lactose, thus preventing the development of lactase

deficiency. Moreover, Lactobacilli maintain pH of
the colon at 5.5-5.6 [9, 10].

When inducing ulcerative colitis during the ex-
periment, in was revealed that on the 3™ day, the
lactose negative bacteria appeared accounting for
34.8% from total number of E. coli, which is an
initial evidence of developing dysbiosis. The sig-
nificant reduction of the colon bacilli also indicates
the developing dysbiosis. It is known that E. coli
benefits the host organism by synthesizing vitamin
K and preventing the development of pathogenic
microorganisms in the intestine [11]. A drastic in-
crease of Bifidobacteria indicates development of
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the compensatory reaction directed to maintain the
normal condition of parietal microflora and protec-
tive properties of the intestinal wall. Bifidobacteria
provide physiological defense of the intestinal bar-
rier from the ingress of microbes and toxins into the
internal environment and have high antagonist ac-
tivity in relation to the pathogenic microorganisms
and opportunistic pathogens due to generation of
organic fatty acids.

In 33% of the examinations, the occurrence of
Actinomyces was detected. Insertion of Actinomy-
ces into the colon mucosa can result in generation
of the infectious granuloma reaching surrounding
tissues and forming apostasis and fistulae. Staphy-
lococcus also contributes to the formation of the
suppurative process. An increase in its total concen-
tration of which almost by 3.5 times was noted by
the 3" day of the experiment. Actinomyces antigens
result in a specific sensibilization and allergic alter-
ation of the body (hypersensibilization of delayed
or tuberculin type), as well as antibody formation
(complement-fixing, agglutinins, precipitins, etc.)

(Fig. 2).
0.40%

38.30%

M Bifidobacter M Lactobacillus ™ Other bacteria

Fig. 2. The percentage of the parietal microflora of the colon
in rats under conditions of modeled ulcerative colitis on the
3 day

By the 7" day of the experiment, against the
background of ischemia and reduction of protec-
tive properties of the intestinal wall, a significant
decrease in the absolute total number of bacteria to
6.25 x 10 was identified in comparison with the
indices of healthy animals (Fig. 3). Moreover, a
significant difference with the results of the 3" day

of the experiment (p = 0.025) was determined. In
comparison with indices of microbiota for healthy
animals, a significant decrease in the concentrations
of E. coli (10°-10%), Bifidobacterium spp. (107
10°), Lactobacillus spp. (10°-10°), Bacteroides
spp. (10%-10%) (p < 0.05) was detected along with
complete disappearance of some representatives of
facultative bacteria, such as Proteus, Citrobacter
freundii, Enterococcus faecalis, Peptococcus, and
gram-positive rods were detected.

During the comparative examination of chang-
es in the percentage composition of parietal mi-
croorganisms on the 7" day of the experiment, an
increase in the percentage of Bifidobacterium spp.
by 5.6% (from 38.3 to 43.9%) and reduction of Lac-
tobacillus spp. by 31.2% (from 48.7 to 17.5%) were
determined. On the 7" day, the percentage of Bacte-
roides spp. increased and was 26.3%. The percent-
age of E. coli also increased: on the 7" day, it was
0.5%. Staphylococcus epidermidis accounted for
0.3%. In 33% of examinations, Vellonellaceae was
detected, the total percentage of which was 11.4%
on the 7th day, and during single examinations it
was up to 28%.

0.90

B Lactobacillus spp. M Bifidobacterium spp.
Bacteroides ssp. B Veillonella ™ Other bacteria

Fig.3. The percentage of the parietal microflora of the colon
in rats under conditions of modeled ulcerative colitis on the
7t day

On the 10" day after modeling of ulcerative le-
sion in the colon wall, an increase in the total con-
centration of microbes up to 2.39 x 10%in compari-
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son with the 7th day of the experiment and reduction
of this parameter in comparison with indices of
healthy animals were registered. On the 10" day,
in comparison with the reference values of healthy
animals, there was significant reduction in the con-
centration of E. coli (10°-10%), Bifidobacterium spp.
(107-10%), and Bacteroides spp. (10*-10°). Addi-
tionally, a complete absence of Proteus mirabilis,
Citobacter freundii, Enterococcus faecalis, Staphy-
lococcus, and gram-positive rod was detected. The
prevailing microflora consisted of Bacteroides spp.
(26.7%) and Peptococcus (27.6%), while a smaller
part was represented by Lactobacillus spp. (17.5%),
Bifidobacterium spp. (13.8%), and gram-positive
rods (4.6%). Bacteroides spp. are opportunistic
pathogens.

Under conditions of immunodeficiency, which
develops when modeling ulcerative colitis using
the original method, Bacteroides spp. contribute to
emergence of purulent inflammation in associations
with aerobic bacteria. A wide range of virulence
factors, such as capsules, pilli, and outer membrane
proteins, contribute to the adhesion processes. Cap-
sular polysaccharide as an aggressive factor pro-
tects bacteria from phagocytosis. Bacteroides spp.
produce a number of enzymes, such as neuramini-
dase, fibrinolysin, and heparinase, participating in
invasion, as well as products of metabolism, such as
short-chain fatty acids and biogenic amines, which
disrupt the capacity of macrophages and leucocytes.
Lipopolysaccharides take part in inactivation of the
phagocytosed cells [12]. In 50% of cases, Veillonel-
laceae bacteria were detected, which account for
9.6% from the total bacterial count. Veillonellaceae
are among the most common and physiologically
significant bacteria of the human colon [13]. In the
colon, Veillonellaceae are not found very often: in
1 g of feces, the content of this bacterium is in the
range of 0—10® CFU [14]. Colitis is associated with
Veillonella  parvula  (http://www.gastroscan.ru/
handbook/118/4113) (Fig.4).

CONSLUSION

Quantitative and qualitative changes in the pari-
etal microflora of the modeled ulcerative lesion of
colonic mucosa in male Wistar rats are character-
ized by the reduction of the bacterial count by the
3" day, development of dysbiosis due to a decrease
in the concentration of Lactobacillus and E. coli,

emergence of fungal microflora, the determination
of opportunistic microflora and a compensatory re-
sponse in the form of a significant increase in Bi-
fidobacterium. However, even such a significant in-
crease in the Bifidobacterium concentration on the
at early stages after the surgery is not sufficient to
maintain the normal balance of the intestinal micro-
flora, which is demonstrated by significant reduc-
tion of the total parietal concentration of bacteria by
the 7" day of the experiment with an increase in the
absolute number of opportunistic bacteria.

B Peptococcus spp.

= Bacteroides spp.
B Lactobacillus spp. M Bifidobacterium spp.

M Other bacteria

Fig. 4. The percentage of the parietal microflora of the colon
in rats under condition of the modeled ulcerative colitis on the
10" day

M Actinomyces spp.

By the 10™ day of the experiment, with a small
increase in the total number of parietal bacteria, the
predominant microorganisms were Bacteroides ssp.,
the bacteria maintaining the inflammatory process in
the colonic mucosa. Veillonellaceae were detected
in up to 50% of cases, the presence of which is di-
rectly associated with the development of inflamma-
tion in the colon wall. Further research is obviously
required both for understanding complex interac-
tion of macro- and microorganisms and their influ-
ence on the development of pathological reactions,
and for studying the possibility of correcting these
conditions.
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Integral assessment of lipoperoxidation processes in women with ovarian
hyperandrogenism

Kolesnikova L.l., Krusko O.V., Belenkaya L.V., Sholokhov L.F., Grebenkina L.A.,
Kurashova N.A., Kolesnikov S.I.

Scientific Centre for Family Health and Human Reproduction Problems
16, Timiryazeva Str., Irkutsk, 664003, Russian Federation

ABSTRACT

Aim. To assess the state of the ‘lipid peroxidation — antioxidant defense’ system using an integrated indicator
(coefficient of oxidative stress) in women with ovarian hyperandrogenism in various periods of reproduc-
tive age.

Materials and methods. During an annual preventive medical examination at the Scientific Centre for Family
Health and Human Reproduction Problems, 92 women of reproductive age (18—45 years old) were divided into two
groups: a group of women with polycystic ovary syndrome (PCOS) (n =47) and a control group of healthy women
(n =45). The group of women with PCOS was further divided into subgroups according to age characteristics:
the 1st subgroup consisted of women with PCOS of early reproductive age (1835 years old), and the 2nd group
included women with PCOS of late reproductive age (35—45 years old). Practically healthy women of the corre-
sponding ages made up the 3rd and 4th control subgroups. Standard methods were used to study the LPO—anti-
oxidant defense system. The oxidative stress severity was assessed by an integrated indicator: the coefficient of
oxidative stress.

Results. An increase in the serum levels of ketodienes and coupled trienes, a decrease in the concentrations of
reduced glutathione, a-tocopherol and retinol levels, and an increase in superoxide dismutase (SOD) activity
in PCOS women of reproductive age (1845 years old) were detected, as opposed to the control group. Early
reproductive age PCOS women also demonstrated an increase in oxidized glutathione and a decrease in retinol
concentrations. In the late reproductive age group of PCOS women, an increased SOD activity was registered.
The integrated indicator of oxidative stress in the main group of women with PCOS was 2.5, which shows the
enhancement of oxidative processes and imbalance in the LPO-antioxidant defense system. This indicator was the
most pronounced (2.8) in women of early reproductive age. In women of late reproductive age, this indicator was
equal to 1.9.

Conclusion. The obtained data indicate the development of oxidative stress in women with ovarian hyperandro-
genism, which is more pronounced in the group of late reproductive age.

Key words: hyperandrogenism, ovarian dysfunction, polycystic ovary syndrome, reproductive age, pro-oxidants,
antioxidants, oxidative stress.
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MHTerpasbHasA oueHKa NpoL,eccoB /IMMONEPOKCUAALMUMN Y XKEHLLUH
C OBapua/ibHOI pOpMOI rMnepaHaporeHnm

KonecHukosa J1.U., Kpycko O.B., beneHbkas J1.B., Llonoxos J1.D., F[pe6eHknHa J1.A.,
Kypawosa H.A., Konecuukos C.U.

Hayunvui yenmp npobnem 300pogva cemvu u penpodykyuu uenogexa (HL [13CPY)
Poccus, 664003, 2. Upxymck, ya. Tumupszesa, 16

PE3IOME

Heab. OueHUTs COCTOSHUE CHUCTEMBI IIEPEKHCHOE OKHCIEHHE JIMIHMAOB — aHTHOKcHaaHTHas 3amurtay (ITI0JI-
AO3) ¢ nucroiap30BaHHEM HHTETPAIBHOIO IOKa3aTelst (Ko QUIMeHTa OKUCIUTEIBHOIO CTpecca) y JKEHIIHH C
oBapraIbHON (OPMOI THIePaHIPOTeHIH B PA3IHIHBIC IEPHOJIBI PETIPOYKTHBHOTO BO3pacTa.

Marepuajbl H MeToAbl. B Xone €XerogHoro mnpoQuiakTHYeCKOro MEIHMIMHCKOTO OCMOTpa 92 >KeHIMHBI
penpoaykTiuBHOro Bo3pacta (18—45 mer) ObuM pas3nesneHsl Ha TPYMITy KEHIIMH ¢ CHHAPOMOM IOJHKHCTO3HBIX
ssmaHAKOB (CIIKS) (n = 47) u KOHTPOJNBHYIO TPYIILYy NMPAKTUYECKH 3I0POBBIX KeHIMH (n = 45). Jlanee rpymma
CIIKS Obuta pasaenieHa Ha HOJATPYIIBI B COOTBETCTBUH C BO3PACTHBIMH XapaKTEPUCTHUKAMHM: - moarpymma —
xeHmmHbl ¢ CITKS panrero penpoayktuBHoro Boszpacta (18—35 ner), 2-s1 rpymnma — HO3HET0 penpoIyKTHUBHOTO
Bo3pacTta (3545 net). IlpakThdecku 370pOBBIC KEHIIMHBI COOTBETCTBYIOIIMX BO3PACTOB COCTaBHIH 3-10 H
4-10 KOHTPOJIbHBIE TOATPYIIEL. B paboTe ucmons30BaHbl OOIMEIPHHSATHIE METOABI HccienoBanus cucteMsl [10JI-
AQO3. Bplpa)XeHHOCTh OKHCIHTENBHOTO CTpecca OIEHUBAIN 0 WHTErPaTbHOMY ITOKa3aTeNto — K03 (GUIIMEHTY
OKHCIIMTENBHOTO CTpecca.

Pe3yabTaTrhl. OTMEUCHO MOBBIIICHHE B CBIBOPOTKE KPOBH YPOBHEI KETOANECHOB U CONPSKEHHBIX TPUEHOB, CHIKE-
HHE BOCCTAHOBJICHHOT'O TITyTaTHOHA, 0-TOKO(eposIa 1 peTHHOJIA, YBEINYCHNE aKTUBHOCTH CYIIEPOKCHINCMYTa3bl
y JKSHIIWH pPaHHEro PenpoJyKTHBHOTO BO3pacTa C OBapHalbHON (OPMOIl TMIEpaHIPOreHHH IO CPaBHEHHIO
¢ rpymnmoii koHTpossi. Takke IOKa3aHO MOBBILICHUE COJACPIKAHHUS OKHCICHHOTO IIYTaTHOHA U CHIDKCHHE
KOHIIHTPALMU PETHHONA. B rpyrme »eHIH ¢ TUIepaHIporeHieil 03IHer0 PEnpoayKTUBHOIO BO3PACTa OTMe-
YaeTCs YBCJIMYCHUEC aKTUBHOCTU CYNIEPOKCUAAUCMYTA3bI. HHTCT‘paJ’IbeIF] IMOKa3aTejib OLCHKHU OKHCJIIHUTCIIBHOI'O
cTpecca B obweid rpynne sxenumH ¢ CITIKS coctaBun 2,5, 4To CBHIETENBCTBYET 00 YCHICHHH OKUCIUTEIBHBIX
nporieccoB, aucbanance B cucreme [10JI-AO3. Haubosee BbIpaXkeH JaHHBIA MOKa3aTelb y KEHIIMH B paHHEM
penpoayKTUBHOM Bo3pacTe (2,8). Y KEHIIMH B IO3JHEM pEHNpOJYKTUBHOM BO3pacTe 3HAUYEHHE IOKa3aTells
pasHo 1,9.

3axinoyenne. [lonydeHHbIC 1aHHBIE CBUAETEILCTBYIOT O Pa3BUTHU OKHCIMTEIILHOIO CTpecca Y XKEHIIUH C TUIle-
paHporeHuell 0BapuaIbHOIo reHesa.

KiioueBsble ci10Ba: runepaniporenust, IMCHYHKIMS SHYHUKOB, CHHPOM ITOJIHKHUCTO3HBIX SIMYHUKOB, PEIIPOIYK-
TUBHBII BO3PACT, IPOOKCHIAHThI, aHTHOKCUIAHTbI, OKUCIIUTEIbHBIN cTpecc.

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaKeil HaCTOSIIEeH CTaThH.

Hcrounuk punancuposanusi. VccienoBanue BbIIOIHEHO B paMKkax (pyHaamenTanbpHoil Tembl HUP «OcHoBHBIE
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INTRODUCTION

Despite being natural for homeostasis, free ra-
dical processes sometimes contribute to the deve-
lopment of oxidative stress (OS), which is found in
numerous pathological conditions and triggers the
aging process. OS is a state when the balance be-
tween oxidative and antioxidant systems of cells and
tissues has been lost. Enhanced generation of free
radicals due to overproduction of reactive oxygen
species (ROS) along with weakening of antioxidant
defense mechanisms, leads to oxidation of biomo-
lecules with the subsequent loss of their biological
functions and / or homeostatic imbalance, potential
oxidative damage to cells and tissues, and even their
death. Excessive ROS generation can damage such
cell components as proteins, lipids, and nucleic ac-
ids, which leads to cellular dysfunction [2].

Possible reasons for the decreased antioxidant
activity and OS development may include various
endocrine disorders (hyperprolactinemia, hyper-
androgenism, defective luteal phase etc.). Hyper-
androgenism, ovarian dysfunction, which is one of
the main manifestations of polycystic ovary syn-
drome (PCOS), is particularly interesting here [3,
4]. The issue is relevant, as hyperandrogenism is
common among women of reproductive age and
can be distinguished by high frequency of associ-
ated complications and its leading manifestation,
which is infertility [5]. Depending on the diagnostic
criteria used and the characteristics of the popula-
tion sample, this complex heterogeneous condition
of unknown etiology affects 5-20% of fertile age
women [6, 7].

Despite a long history of study, there is still no
complete pathogenesis scheme of this disease [8],
hence we consider it important to study such patho-
genetic factors of many reproductive diseases as an
imbalance in the ‘lipid peroxidation — antioxidant
defense’ (LPO-AOD) system. OS development
features due to androgen overproduction in ovaries
in different periods of reproductive age have not
been studied well yet. In our opinion, they need to
be investigated thoroughly for further development
of antioxidant therapy [9].

According to the existing views, when assess-
ing whether LPO—AOD processes are balanced or
not, comparison of individual indicators is not suf-
ficiently informative. In this regard, integrated in-

dicators may be more promising and sensitive. The
coefficient of oxidative stress (COS) is often used
as an integrated indicator to assess an imbalance
between oxidative processes and the antioxidant
defense system. This coefficient shows the accumu-
lation of primary, intermediate, and end products of
LPO and the activity of various AOD components
(enzymes, glutathione, fatsoluble vitamins). The
prooxidants / antioxidants ratio can reflect the stage
of pathological conditions in the body. Using COS,
it is possible to simultaneously assess both LPO and
AOD states, as well as to timely assess the degree of
imbalance in the LPO—AQOD system at any stage of
lipoperoxidation [10].

Considering everything mentioned above, the
aim of the study was to assess the state of the LPO—
AOD system using the coefficient of oxidative
stress in women with ovarian hyperandrogenism at
different periods of reproductive age.

MATERIALS AND METHODS

We conducted a single-center, cross-sectional,
observational study, which included women of re-
productive age (1845 years old), who underwent
an annual preventive medical examination (in the
period from 2017 to 2019) at the Scientific Centre
for Family Health and Human Reproduction Prob-
lems. All women were examined during the fol-
licular phase of their menstrual cycle (from day 1
to day 12). The main group comprised 47 women
with verified PCOS. PCOS was verified according
to ESHRE / ASRM criteria (Rotterdam, 2003) [11].
The control group included 45 gynecologically and
somatically healthy women. We further divided the
groups into subgroups according to age character-
istics: the 1st subgroup consisted of women with
PCOS of early reproductive age (1835 years old),
the 2" group included women with PCOS of late
reproductive age (35-45 years old). The 3 and 4"
groups were control subgroups of the correspond-
ing ages.

According to ESHRE / ASRM criteria (Rotter-
dam criteria), women of reproductive age (1845
years old) who had two out of three criteria for PCOS
(oligo- or anovulation, clinical and/or biochemical
hyperandrogenism, polycystic ovarian morphology
on the ultrasound) were included in the group with
PCOS. Exclusion criteria for the group of women
with PCOS were hyperprolactinemia, thyroid disor-
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ders, current pregnancy or lactation, removal of the
uterus and / or appendages on both sides, endometri-
al ablation and / or uterine artery embolization, and
taking hormonal medications. Inclusion criteria for
the control groups were the reproductive age (1845
years old), regular menstrual periods, and follicular
phase of the menstrual cycle. Exclusion criteria for
the control groups were current pregnancy or lac-
tation, removal of the uterus and / or appendages
on both sides, endometrial ablation and / or uterine
artery embolization, taking hormonal medications,
and a chronic disease in the medical history.

All women underwent standard clinical and lab-
oratory examinations. Blood was collected in ac-
cordance with the standard requirements from the
ulnar vein in the morning, on an empty stomach.
Plasma and hemolysate of red blood cells were the
materials for the study. Standard methods were

COS

used to determine the products of LPO and compo-
nents of AOD: conjugated dienes (CDs), ketodienes
and coupled trienes (KD and CT), double bonds
(DB), thiobarbituric acid (TBA) reactive substanc-
es (TBARS), superoxide dismutase (SOD) activity,
reduced (GSH) and oxidized (GSSG) glutathiones
and their ratio (GSH/GSSG), a-tocopherol and reti-
nol, total antioxidant activity (TAA).

Measurements were carried out with the help
of spectrophotofluorometer BTS-350 (Spain) and
Fluorat 02 ABFF-T (Russia). To assess oxidative
stress in women with PCOS, the formula for COS
calculation was used [12]. To calculate the COS, the
following indicators of the LPO-AOD system were
used: DB (UL), CDs (umol / 1), KD and CT (UL),
TBARS (umol / 1), SOD (UL), GSH (mmol / 1),
GSSG (mmol / 1), a-tocopherol (umol / 1), retinol
(umol / 1).

_ (DB;/DBy) - (CDs;/CDs,) - (KD and CT;/KD and CT,) - (TBARS;/TBARS,,)

(S0D;/S0Dy,) - (GSH;/GSHn) - (Ai/An) - (Ei/En)

Where i — implies indicators of the examined pa-
tient, n — indicators of the control group.

The ratio of indicators of the LPO-AQOD sys-
tem of women with PCOS to the average indicators
in the control groups was calculated. The value of
COS > 1 was considered an increase in the degree
of OS, that is, the higher the obtained value of COS,
the higher the intensity of lipoperoxidation and the
less effective the antioxidant protection.

Statistica 6.1 (Stat-Soft Inc., USA) was used to
carry out statistical processing of data. To determine
the proximity to the normal law of data distribution,
the Shapiro — Wilk test was applied. Me (Q,~0,)
was used as descriptive statistics for variables with
quantitative data. The nonparametric Mann — Whit-
ney test was used in the analysis of intergroup dif-
ferences for independent samples with non-normal
distribution. The differences were considered statis-
tically significant at p < 0.05.

RESULTS

The research results showed that ovarian hyper-
androgenism is followed by the activation of lipo-
peroxidation and a decrease in antioxidant protec-
tion. A change in the concentration of secondary

LPO products (KD and CT), which increased by
43% (p = 0.0001) compared to the control value,
indicated activation of LPO in the experimental
group of women of reproductive age (18-45 years
old) with PCOS. During the study of primary (KD)
and end (TBARS) products of LPO, no significant
differences from the control group were found.

In the same group of women, a decrease in the
TAA by 15% (p = 0.0312) indicated that the AOD
system is under strain. a 9% (p = 0.0323) increase
in the key SOD anti- oxidant enzyme was regis-
tered. At the same time, a 11% (p =0.0001) decrease
in GSH and a slight increase in GSSG were detect-
ed. This influenced the GSH / GSSG ratio, which
was 16% lower in the group of women with PCOS
(» = 0.0065). However, the content of a-tocopherol
and retinol decreased by 12% (p = 0.0001) and 22%
(p = 0.0315), respectively, compared to the control
group.

The group of PCOS women of early reproduc-
tive age (1835 years old) did not show statistical-
ly significant differences in the content of primary,
secondary, and end lipoperoxidation products com-
pared to the control group of the same age. Howev-
er, the antioxidant defense mechanism changed: a
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decrease in the level of TAA by 25% (p = 0.0005)
and an increase in the oxidized glutathione concen-
tration by 14% (p = 0.0001) were detected, but the
reduced glutathione level remained unchanged. The
GSH / GSSG ratio was 13% lower (p =0.0323) than
in the control group. Increased consumption of re-
tinol was observed, which was a consequence of a
decrease in its concentration by 26% (p = 0.0012).
No significant differences in a-tocopherol levels
were found.

In the subgroup of women of late reproductive
age (3545 years old) with hyperandrogenism, only
a statistically significant increase in SOD by 9%
(» =0.0004) was found in comparison with the con-
trol group of the same reproductive period. When
analyzing the peroxidation indicators and the AOD
system in the control groups of early and late repro-

3,5

3

(o

=

u

Reproductive age
(18—45 years old)

M controt M PCOS

Early reproductive age
(18-35 years old)

ductive age, no statistically significant differences
were found. Comparison of early and late reproduc-
tive age groups of women with PCOS revealed a
statistically significant decrease in the GSSG level
by 15% (p = 0.0032) and an increase in the GSH /
GSSG ratio by 22% (p = 0.0001) in the late repro-
ductive age subgroup.

Further, to assess the oxidative stress level in
women with ovarian hyperandrogenism, the COS
formula was used. The obtained COS values of
more than 1.0 in the groups of women with PCOS
indicated an increase in the OS degree.

The subgroup of women of early reproductive
age with PCOS demonstrated more pronounced
oxidative stress. COS values confirming dysregula-
tion in the LPO-AQOD system in PCOS women are
shown in Figure.

2,5
15
0

Late reproductive age
(35-45 years old)

Figure. COS values in women with PCOS and in the control group

DISCUSSION

It is well known that women with ovarian hy-
perandrogenism have metabolic disorders, and the
socalled “mitochondrial” dysfunction, which is
closely connected with OS, plays an essential role
in their pathogenesis. The pathogenetic role of OS
in the development of reproductive disorders and
decline of female reproductive function is also well-
known [14, 15].

The main group of PCOS women showed acti-
vation of lipoperoxidation processes, which is mani-

fested in an increase in the content of secondary LPO
products—KD and CT. Increased production of LPO
products at intermediate stages of lipid peroxidation,
process, in particular, KD and CT, is proved to lead
to toxic compound formation and accumulation and
provoke extended damage to biopolymers, cytoplas-
mic membranes, and subcellular structures [16].
Though the most important indicator reflecting
increased oxidative degradation of lipids is TBARS
products, our study did not show statistically signi-
ficant differences in this parameter. TBARS are end
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products of oxidation indicating a serious damaging
effect.

However, according to the existing concepts,
free radical oxidation processes do not cause da-
mage if the antioxidant defense mechanism keeps
oxidative reactions at the balanced level. The com-
ponents of the AOD system inactivate reactive oxy-
gen species and inhibit the development free radical
chain mechanisms of organic compound oxidation.
The balance of the prooxidant and antioxidant com-
ponents determines the intensity of metabolism and
the adaptive potential of the body [17].

The results of the study of the AOD system com-
ponents in the experimental group of women with
PCOS showed increased activity of the main en-
zyme — superoxide dismutase, as well as a decrease
in the blood total antioxidant activity (TAA). The
changes in these indicators may reflect tension in
the AOD system and a decrease in adaptive and
compensatory capabilities in women with ovarian
dysfunction [18]. Suppression of LPO processes in
the cells at different stages is carried out by both
enzymatic and nonenzymatic systems. In PCOS,
there is a decrease in the concentration of mole-
cular antioxidants, such as a-tocopherol and retinol.
Decreased concentration of a-tocopherol, the most
important regulator of oxidative balance, can affect
the reproductive function and may contribute to the
development of PCOS [9].

Lowering the level of retinol, a component of
antioxidant protection, is associated with its in-
creased consumption, since, in addition to figh-
ting free radicals, it also increases the antioxidant
effect of a-tocopherol [19]. A simultaneous de-
crease in the reduced glutathione concentration and
a slight increase in the oxidized glutathione level,
may be associated with the decreased activity of
glutathione reductase and / or increased activity
of glutathione peroxidase. Such changes lead to a
decline in the total glutathione pool, which indi-
cates a decrease in the contribution of this tripep-
tide to the anti-radical protection of the body
[20, 21].

The study found that in different periods of repro-
ductive age, LPO processes in women with ovarian
hyperandrogenism are inactivated by various com-
ponents of the AOD system. In early reproductive
age, the main antioxidant protection is provided by
the redox system of glutathione, and in late repro-

ductive age, the processes of lipoperoxidation are
mainly regulated by SOD.

The results of our study indicate the devel-
opment of pronounced OS in women with ovar-
ian hyperandrogenism, as evidenced by COS va-
lues. The COS value in the experimental group
of women with PCOS equals to 2.5, in wom-
en of early reproductive period with PCOS, it is
2.8, and in late reproductive period subgroup it
equals to 1.9. This coefficient value indicates a
significant imbalance in the LPO-AOD system,
highlighting the intensification of LPO proces-
ses, especially in early reproductive age women
with PCOS.

CONCLUSION

Thus, the presence of hyperandrogenism in
women of reproductive age is followed by the ac-
tivation of adaptive and compensatory mechanisms
for preserving the LPO-AOD system homeostasis
and preventing LPO end product formation.

In this regard, COS, as an integrated indicator,
helps to more objectively describe changes in the
LPO—-AQOD system disorders and is a more sensi-
tive indicator than separate individual components
of this system, since it comprises both the prod-
ucts of lipid peroxidation at different stages and
the activity of various components of antioxidant
protection. COS shows the nature of peroxide pro-
cesses in peroxide damage in the body and helps to
choose rational antioxidant correction strategies.
The oxidative stress coefficient can also be used
for personalized evaluation of the effectiveness of
antioxidant therapy and its correction in different
pathological conditions.
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chronic coronary artery disease and affective disorders
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ABSTRACT

Aim. To determine gender differences in self-reported social functioning of patients with comorbidity of affective
disorders (ADs) and chronic coronary artery disease.

Materials and methods. Self-reported social functioning of 248 cardiac patients (194 men (78.2%) and
54 women (21.8%)) with chronic coronary artery disease (CAD) and ADs was studied using the Social Adap-
tation Self-evaluation Scale (SASS). The average age of patients with chronic CAD in men was (57.2 £ 6.5)
years, and in women (59.3 £ 7.1) years, p = 0.04. Qualitative and quantitative indicators were investigated using
the Mann — Whitney test, Wilcoxon test, and T-test; x2 (Pearson’s goodness-of-fit test) was used to estimate the
frequencies.

Results. ADs were represented by chronic mood disorders (45%), first-time depressive episodes (DEs) (24%),
recurrent DEs (24.5%), as well as bipolar II disorder (BD II) (6.5%). ADs in 42.4% of patients were associated
with psychosocial stressors (mainly, loss), p = 0.02. Men statistically significantly more often (37.1%, 72/194) than
women (16.7%, 9/54) demonstrated limited communication with others as a result of projection mechanisms, a
high level of hostility, passive aggressiveness and lack of initiative, typical of patients with ADs, p =0.003.

Conclusion. Social functioning of patients with ADs and chronic coronary artery disease was complicated
irrespective of gender. Women were single and bereaved of their children more often than men. Due to the low
level of communication outside family and professional setting, most of the patients maintained communication
mainly with the family. However, due to ADs, they were not able to feel support from family members and rarely
initiated communication with other people (men did it statistically significantly more often than women).

Key words: affective disorders, chronic coronary artery disease, self-reported social functioning, gender differences.
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FeHAgepHble pa3/InumA CamOOL,E€HKU COLMA/IbHOIO PYHKLMOHMPOBAHUA
MaumeHToB ¢ XpoHuveckoi UBC u adppeKTUBHBIMM pacCcTpoOMCTBAMU

JNle6epeBa E.B." 2, CyactHbin E.1.", HoHka T.I'.2, PenuH A.H.2

! Hayuno-uccreoosamenvckuit uncmumym (HHUH) ncuxuuecko2o 300po8éusi,
Tomckuil HayuoranvbHblil ucciedosamenvbekul meouyunckuil yenmp (HUMI]) Poccuiickoui akademuu Hayk
Poccus, 634014, 2. Tomck, yn. Aneymckas, 4

2 Hayuno-uccnedosamenvckuil uncmumym (HHUUW) kapouonozuu,
Tomckuii HayuoranwbHblil uccredogamenbekuu meouyunckuil yenmp (HUML]) Poccutickou axademuu HayK
Poccus, 634012, 2. Tomck, yn. Kueeckas, 111a

PE3IOME

Iens viccrenoBaHus — onpeieNieHNue TeHIePHBIX Pa3INuiid CaMOOIIEHKH COIMAIBHOTO (YyHKIIMOHUPOBAHHUS Malli-
€HTOB TIpH KoMOpOHIHOCTH ad(HhEeKTUBHEIX paccTpoicTB (AP) 1 XpOoHHYECKOiT KOPOHAPHOH OOJIE3HH.

Martepuajbl 1 MeToAbl. C IOMOIIBIO IIKATBI CAMOOIICHKH COLMAIBHON aJanTallii N3ydeHa CaMOOIIEHKa COLU-
aNpbHOro (YHKIMOHHPOBaHUS 248 GompHBIX (MyxunH — 194 (78,2%) n xenmun — 54 (21,8%)) kapauonorude-
CKOT'O CTaIlMOHapa ¢ XpoHm4YecKoil nmemmudeckoit 6onesnpro cepana (MBC) u AP. Cpennuii Bo3pacT ManueHTOB
KapIUOJIOTUIECKOro craiuoHapa ¢ xpoHmdeckoii UBC y myxumH cocraBun (57,2 £ 6,5) roma, y >KEHIIUH —
(59,3+7,1), p=0,04. KauecTBeHHBIE U KOIUICCTBCHHBIC ITOKA3ATENIN HCCIIEAOBAHBI C TOMOIIBIO KpuTeprueB MaH-
Ha — YuTHHU, Bunkokcona u T-kpuTepus, A7t OLEHKU 9acTOT MCHONB30BaH )2 (Kputepuii cornacus [Iupcona).

Pe3yabTaTthl. AP mpencraBieHsl XpOHHYECKUMU PAcCTPOHCTBaMM HacTpoeHus (45%), BHepBble BO3HUKIINMHU
JenpeccuBHbIMU dmu3oaaMu (JI3) — 24%, pexyppentHbiMu 10 — 24,5%, a Taroke OUnonsapHbIMU adGEeKTHBHBI-
mu pacctpoiictBamu II tuma 6,5%. AP y 42,4% nanueHToB OBLIO CBSI3aHO C ICUXOCOIHANBHBIMU CTPECCOPAMHU
(mpeuMyIIeCTBEHHO yTpatamu), p = 0,02. MyKuMHbBI cTaTUCTHYECKH 3HauuMo 4amie (37,1%, 72/194), uyem xeH-
muHsI (16,7%, 9/54), 6o11ee OrpaHHYEHHO OOLIANUCH C OKPYIKAIOIMMH B Pe3yJIbTaTe MEXaHU3MOB IIPOEKIINH, BbI-
COKOT'0 YPOBHS BPa)kA€OHOCTH, IACCUBHOMN arpecCHMBHOCTH, O€3bIHUIUATHBHOCTH, XapaKTEPHBIMU 171 OOJNBHBIX
AP, p=0,003.

3akaouenne. ConnanbHoe GyHKIMOHMpoBaHHe nanueHToB ¢ AP u xponnydeckoit UBC 3arpyaHeHo He3aBUCHMO
oT noja. JXeHIIMHbI Yalie My>KUYUH SBISIOTCS OAMHOKUMH U NEPEXUBIIMMH yTpary JeTed. B cBsi3u ¢ HU3KUM
YPOBHEM OOIIICHHSI BHE CEMbU M NMPO(ECCHOHANBHOM JeATeIbHOCTH OOJIbIIasi YacTh MAMEHTOB MOJIeP)KUBAJIa
o0IIeHne MPEUMYIIECTBEHHO B ceMbe. O1HaKo B cuity AP, He cliocOOHBI IOUYBCTBOBATH ITOJIEPIKKY M CO CTOPOHBI
YJICHOB CEMBH, OHH PEJIKO MHUIMUPYIOT TaKUe MalUeHTHI 00IIeHNe C JPYTUMHU JIOJbMHU (MYKYMHBI CTATHCTHYE-
CKHU 3HAYMMO Yallle, 4eM KCHIIHUHBI).

KiroueBble ciioBa: apGeKTUBHBIC PacCTPOICTBA, XPOHUYECKAs UIIEMHYecKas 0O0JIE3Hb CepAlla, CAMOOIICHKA CO-
LUAILHOTO (DYHKIIMOHUPOBAHUSL, TCHJICPHBIE PA3IHYNSL.

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIEH CTaThu.

Hcrounuk ¢punancuposanus. VccnenosaHue BBINOIHEHO B PaMKaxX rocyAapCTBEHHOro 3amaHus (Tema «Kom-
TUIEKCHOE HCCIIEIOBAHNE KIMHUKO-TICHXOMATOIOTHUECKUX 3aKOHOMEPHOCTEH 1 MaTOOMOIOTHUECKUX MEXaHH3MOB
(OpPMHPOBaHUS U TIPOTPEAUEHTHOCTH COLUATBHO 3HAYMMBIX IICUXHUECKUX U MTOBEAEHUECKUX PACCTPOICTB C pas-
paboTKOIt HHHOBAIIMOHHBIX METO/IOB PaHHEH AMArHOCTUKH, IEPCOHAM3UPOBAHHBIX CTPATErHil TEPauK U Npodu-
nmakTukm» Ne AAAA-A19-119020690013-2).

CooTBeTCTBHE MPUHIIMIIAM dTHKH. Bce manueHTsl moanucain HHGOPMUPOBAHHOE COTJIACHE HA YYaCTHE B HC-
crnenoBanuu. VMccnenoBanue 0100peHO JTOKAIBHBIM 3THYeCKUM KomuteToM HU necuxudeckoro 3m10poBbsi, ToM-
cxuit HUMI (npotokoxn Ne 6 ot 21.06.2017).
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INTRODUCTION

In recent decades, the issue of comorbidity has
been actively studied [1-5]. Cardiovascular disea-
ses (CVD) and depression are two common health
problems worldwide [1, 3, 6, 7]. Depression is about
twice as common in women as in men and has the
strongest association with coronary artery disease
(CAD) [8]. On average, it is more severe in women
than in men and has an earlier age of onset [8, 9].

About half of women under 60 years of age with
a history of myocardial infarction (MI) suffer from
severe depression [9, 10]. Young women are more
likely to die from MI than men. Stress-induced
myocardial ischemia is more common in girls than
in boys and is capable of leading to chronic dysreg-
ulation of neurohormonal systems under stress [10].
This can begin at an early age, creating the basis
for an increased cardiovascular risk in women many
years before the onset of CAD.

In the third National Health and Nutrition Study
(NHANES I1I), a history of major depression or at-
tempted suicide was associated with an almost 15-
fold increase in risk of coronary artery disease in
women and a 3.5-fold increase in this risk in men.
In a prospective mental health study in women un-
der 40 with depression, the risk of CAD was six
times higher than in women of the same age without
depression; although depression was not associat-
ed with CAD in men or the elderly [11]. Overall,
scientific evidence supports a stronger relationship
between depression and CAD in younger women.

Depression was also associated with deteri-
oration in quality of life (QoL) in short-term and
long-term studies [11]. Less attention was paid
to the socio-psychological factors of depression
development and the issues of its impact on the
functioning of patients. In the study of depressive
disorders (DDs), medical aspects were usually
studiedstudied, such as diagnosis, clinical presen-
tation, therapy, prevention, and rehabilitation of
persons with those disorders [6, 11-15], whereas
an integrated approach to the study of depression
implied the study of clinical and biological, psy-

chological, and socio-cultural factors for the onset
and course of DDs, as well as self-evaluation of the
quality of life [16—18]. Surovtseva et al. [18] found
that the degree of decrease in self-evaluated QoL
and social functioning of patients with ADs was de-
termined by a complex of biological, psychological,
and social factors.

There were enough studies on the relationship
between depression and QoL deterioration. Howev-
er, gender differences were studied insufficiently in
self-reported social functioning in cases of comor-
bid depression and chronic coronary disease.

The aim of the study was to determine gender
differences in the self-reported social functioning of
patients with comorbidity of AD and chronic coro-
nary artery disease.

MATERIALS AND METHODS

In a cardiology hospital, 290 patients with
chronic CAD were diagnosed with ADs. To
study self-evaluation of social adaptation, the So-
cial Adaptation Self-evaluation Scale (SASS, M.
Bosc et al., 1997) was used. Of 290 patients with
chronic CAD and ADs, 248 individuals complet-
ed the self-evaluation scale of social adaptation,
of which 194 (78.2%) people were men and 54
(21.8%) were women. The average age of men was
(57.2 £ 6.5) years, and the average age of women
was (59.3 £7.1) years, p = 0.04.

Statistical data processing was performed us-
ing the Statistica 8.0 software. Parametric indica-
tors were assessed using the T-test for dependent
and independent groups (with normal distribution
of features), nonparametric indicators were evaluat-
ed according to the Mann — Whitney and Wilcoxon
criteria; chi-square (Pearson’s goodness-of-fit test)
was used for frequency estimates. Data were given
as absolute and relative numbers, n (%), the median
and interquartile range, Me (Q —0Q,).

RESULTS

The nosological framework of mood disorders
in patients with chronic CAD was characterized by
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the prevalence of chronic affective disorders (45%).
The first-onset depressive episodes (DEs) account-
ed for 24% of cases, recurrent DEs — for 24.5%. Bi-
polar II disorders were registered in 6.5% of cases
[7, 13].

When analyzing the contribution of external
factors to the development of ADs in patients with
chronic CAD, it was found that 42.4% of patients
suffered from psychogenic stressors of varying se-
verity (mainly, loss). Thus, among patients with
ADs and chronic CAD who had lost a child or were
childless, there were 18.5% of women (10 / 54), and
only 6.7% of men (13 / 194) (p = 0.02). 35.9% of
patients associated the occurrence of mood disor-
ders with health deterioration. In 18.1% of patients,
ADs developed autochthonously (Table 1).

Table 1

Association of mood disorders with external psychogenic factors

Table 3
Education level of men and women with ADs and chronic
CAD, n (%)
Education Men, n =194 Women, n = 54

Higher 56 (29) 10 (19)
Secondary special and 67 (35) 27 (50)
incomplete higher

Secondary and lower 58 (30) 7(13)

According to the level of education, men with
AD and chronic CAD were distributed approximate-
ly equally (by one-third) in the group with higher,
secondary special and incomplete higher, and with
secondary or lower level education. Among wom-
en in this group of patients, persons with secondary
special and incomplete higher education prevailed
(about half).

56.7% of men (110 / 194) and 66.7% of women
(36 / 54) did not work (Table 4).

Parameter Quantity, n (%)
Factors were not specified 9 (3.6) Table 4
Mood disorder developed autochthonously 45 (18.1) Types of disability in persons with ADs and chronic CAD
Mild and moderate psychogenic factors 68 (27.4) depending on gender, n (%)
Severe and critical psychogenic factors 37 (15) Disability Men. 7 = 110 Women. 1 = 36
Factors of health deterioration 89 (35.9)
Temporary 73 (66.4) 18 (50)
Total 248 (100)
Disability groups 2 and 3 48 (43.6) 3(8.3)
The study of marital status revealed that 17.1% Retirement age 43 (39.1) 34(94.4)

(33 / 194) of men and 53.7% (29 / 54) of women
were single (Table 2).

Table 2
Marital status of men and women with ADs and chronic CAD,
n (%)

Parameter Men, n =194 Women, n = 54
Married 161 (82.9) 25 (46.3)
Single, incl.: 33(17) 29 (53.7)

— divorced 18 (9.3) 11 (20.4)
— widowed 14 (7.2) 15 (27.8)

[3

Family relations were assessed as “poor” and
“satisfactory” by 24.7% of men (48 / 194) and
31.5% of women (17 / 54), without statistically sig-
nificant differences (p = 0.5).

Almost one-third of men and one-fifth of women
had higher education, and about one-third of men
and half of women had secondary special and in-
complete higher education. About 30% of men and
almost 13% of women had secondary education or
less (Table 3).

Below, the evaluation indicators according to
self-report data and the frequency of their presence
according to the SASS scale in men and women are
presented (Table 5).

The overall mean score on the scale of self-re-
ported social functioning in patients with ADs and
chronic CAD corresponded to the level of difficult
social adaptation. In men it was 33.9 £ 6.6, and in
women it was 34.6 &+ 6.5, without the statistical sig-
nificance of differences (p = 0.5).

2.8% (7/248) of patients with ADs and CAD
were socially maladapted, 58.1% (144 / 248) had
difficulty in social adaptation, 41.5% (103 / 248)
had normal adaptation in society, 0.4% (1 / 248)
had excellent adaptation, and 2.8% (7 / 248) were
impossible to be evaluated.

In men and women with ADs and chronic CAD,
the frequency (p = 0.007) and the severity (p = 0.03)
of the conviction that “people from their social en-
vironment rarely or never seek communication with
them” differed significantly.
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Table

Differences in self-reported parameters of social functioning between men (# = 194) and women (n = 54) with ADs and chronic CAD

5

Self-evaluation, score, Symptom presence, 7 (%)
Parameter Me (Q-Q) P ’ p
Men Women Men Women
Employment - - - 110 (56.2) 36 (66.7) 0.2
Interest in employment 2(1-2) 2 (1-2) 0.9 79 (40.7) 21 (38.9) 0.8
Satisfaction from employment 2(1-2) 2 (1-2) 0.5 90 (46.4) 24 (44.4) 0.8
Satisfaction from hobbies 2(2-2) 2 (1-2) 0.2 47 (24.2) 19 (35.2) 0.1
Evaluation of spending leisure time 1(1-2) 1(1-2) 0.8 124 (63.9) 37 (68.5) 0.5
Seeking family communication 2(2-2) 2 (2-2) 0.3 48 (24.7) 9 (16.7) 0.3
Evaluation of family relationships 2(2-2) 2 (1-2) 0.9 48 (24.7) 17 (31.5) 0.5
Number of relationships outside the family 2(1-2) 2 (1-2) 0.7 83 (42.8) 21 (38.9) 0.6
Activity in relationships outside the family 1(1-1) 1(1-2) 0.7 153 (78.9) 38 (70.4) 0.2
Evaluation of relationships with other people in general 2(1-2) 2 (1-2) 0.7 64 (33.0) 17 (31.5) 0.8
Importance of relationships with others 2(1-2) 2 (2-3) 0.3 53 (27.3) 10 (18.5) 0.3
Frequency of seeking communication with the patient from others 2 (1-2) 2(2-2) 0.03 72 (37.1) 9 (16.7) 0.007
Observance of public rules by the patient 2(2-3) 2(2-3) 0.06 13 (7.70) 1(1.9) 0.3
Involvement in the life of the society 0(0-1) 0(0-1) 0.7 50 (77.3) 41 (75.9) 0.8
Pleasure from search for information 2(1-2) 2(1-2) 0.2 73 (37.6) 25 (46.3) 0.25
Interest in information 2 (1-2) 2 (1-3) 0.3 60 (30.0) 20 (37.0) 0.4
Difficulty expressing an opinion 2 (2-2) 2(2-2) 0.4 16 (8.2) 9 (16.7) 0.1
Feeling rejected 2 (2-3) 2 (2-3) 0.2 8 (4.1) 0(0) 0.3
Importance of physical attractiveness 2 (1-2) 2(1-2) 0.3 103 (53.1) 24 (44.4) 0.3
Difficulty dealing with income 2 (2-3) 2(1-2) 0.2 48 (24.7) 18 (33.3) 0.2
Feeling ability to manage their lives 1(1-3) 1(1-3) 0.98 104 (53.6) 29 (53.7) 0.99

There were no other statistically significant dif-
ferences in the severity and frequency of differ-
ent levels of social adaptation disturbances which
would depend on gender (p > 0.05).

DISCUSSION

In patients with CAD, depression was the stron-
gest predictor of QoL [17], especially one-year
health-related QoL, even after taking into account
functional status and clinical variables [11, 17]. The
ratio of women and men in the study group was 1:4,
which was associated with the predominance of
men among patients with CAD. The average age of
men was 2 years less than that of women (57.2 and
59.3 years, respectively), p = 0.04.

In patients with chronic CAD in the cardiolo-
gy hospital, chronic affective disorders were often
found (45%). DEs were first-onset (24%) and re-
current (24.5%). BD was found in 6.5% of cases. In
91.7% of cases, the depressive syndrome was poly-
morphic, more often with anxiety (54.8%) [7, 13].

Women were less likely to have a marriage part-
ner (p = 0.03). Men were more likely to remarry
than women. A third of women and almost a quarter
of men were not satisfied with family relationships

(p = 0.3). Perhaps, in this regard, the patients did
not seek communication and support in the family:
24.7% (48 / 194) among men and 16.7% (9 / 54)
among women (p = 0.3).

About half of men (43.3%, 84 / 194) and a third of
women (33.3%, 18 / 54) worked, including working
parttime, unofficially, being retired by age or disabi-
lity. Of the unemployed individuals, more than 60%
of men and 50% of women were recognized as tem-
porarily disabled. More than 40% of men and only
8.3% of women belonged to disability groups 2 and
3, which was probably determined by social support
for men, as they did not reach the retirement age.
Almost 95% of women and only about 40% of men
were retired 27.3% of men (30 / 110) and 5.6% of
women (2 / 36) did not work, though being of wor-
king age and without medical examination restricting
employment, mostly with lower secondary education.
Perhaps this was explained by a small number of va-
cancies with a decrease in tolerance to physical acti-
vity and restrictions on the labor market for people of
pre-retirement age with a low level of education.

53.1% (103 / 194) of men and 44.4% (24 /
54) of women (p = 0.3) evaluated their physical
attractiveness as “not very important” or “not at
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all important”. 8.2% (16 / 194) of men and 16.7%
(9/54) of women indicated difficulty in expressing
their opinion (p = 0.1).

More than half of the patients (78.9% (153 /194)
of men and 70.4% (38 / 54) of women, p = 0.2)
showed low activity in initiating interactions with
other people according to the self-evaluation scale:
(1 (1-1) inmen and 1 (1-2) in women, p =0.7). Re-
lationships with other people were assessed by them
as “of little value” or “of no value” (27.3% of men
(53 /194) and 18.5% of women (10 / 54), p = 0.3)
Perhaps that was why patients of both sexes main-
tained relationships with a small number of people
2(1-2),p=0.7.

On the whole, they negatively assessed relation-
ships with other people (about one-third of patients:
33.0% (64 / 194) of men and 31.5% (17 / 54) of
women, p = (0.8). Men more often (37.1%, 72/ 194)
than women (16.7%, 9/ 54) noted that people around
them rarely sought communication with them
(p = 0.003). This can be explained by mechanisms
of projection, high level of hostility, passive ag-
gressiveness, and lack of initiative [18], which are
typical for of patients with ADs and lead to ob-
jective limitation of communication on the part of
people from the environment. Compliance with
social rules, good manners, and courtesy was re-
ported as “almost always” by both men and women
(p = 0.06). At the same time, only 7.7% (13 / 194)
of men and 1.9% (1 / 54) of women confessed to
violating social rules (p = 0.3).

More than three-quarters of patients (77.3%
(50 / 194) of men and 75.9% (41 / 54) of women)
were not involved in social activities, p = 0.8. Social
participation was rated as low or absent in men and
women (0 (0-1), p=0.7).

They had a reduced ability to organize the envi-
ronment in accordance with their desires and needs
according to the self-evaluation data (1 (1-3), p =
0.9). This was typical of more than half of the pa-
tients (53.6 (104 / 194) of men and 53.7% (29 / 54)
of women, p = 0.99).

One-fourth of men (24.7%, 48 / 194) and one-
third of women (33.3%, 18 / 54) indicated that they
“often” or “always” found it difficult to manage their
income, without the statistical significance of differ-
ences depending on gender (p = 0.2). It was likely
connected not only with a low income level, but also
with difficulties in decision making and self-doubt.

About one-third of men (30.9%, 60 / 194) and
women (37.0%, 20 / 54), p = 0.4, denied interest
in scientific, technical, and cultural information:
according to the self-assessment of the correspond-
ing item in the SASS scale, 2 (1-2) in women and
2 (1-3) in men (p = 0.3). Pleasure from searching
for information about various things, situations,
and people for better understanding was moder-
ate according to the self-evaluation data (2 (1-2))
(» = 0.2); 37.6% (73 / 194) of men and 46.3%
(25 / 54) of women did not experience pleasure
from this activity (p = 0.25).

In self-questionnaires, about one-fourth of men
(24.2%, 47 / 194) and one-third of women (35.2%,
19 / 54) indicated the absence or reduced pleasure
from hobbies (p = 0.1).

In general, more than 60% of patients (63.9%
(124 / 194) of men and 68.5% (37 / 54) of wom-
en) were not satisfied with spending their free time
and rated it as “poor” and “satisfactory” (1 (1-2),
p = 0.8). This could be associated not only with re-
strictions of activity and exercise tolerance, but also
with a decrease in hedonism. Similar results in the
group of patients with CAD (taking into account the
symptoms of depressive disorder, decreased renal
function, and cognitive impairment) were obtained
by Dorofeeva et al. [19].

CONCLUSION

About half of the patients in the study group
were found to have chronic ADs, and the rest — de-
pressive episodes in the framework of mono- and
bipolar ADs. In more than 40% of cases, ADs de-
veloped due to exposure to severe or catastrophic
psychosocial stressors (loss, including children),
which was noted more often in women than in men
(p = 0.02). More than one-third of patients associat-
ed the occurrence of ADs with health deterioration,
and one-fifth of the patients had an autochthonous
onset of ADs.

Women were less likely to have higher educa-
tion than men, possibly due to a preference for fam-
ily values over higher education (during the period
of birth and raising children). About half of men
and one-third of women worked, including working
part-time, unofficially, and being retired by age (95%
of women and only about 40% of men) or disability
(40% of men and 8% of women). Women were less
likely to be married than men (p = 0.04). Men were
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probably remarried. About one-third of patients of
bothsexes werenotsatisfied with familyrelationships
(p = 0.3), one-fourth did not seek communication
and support in the family (p = 0.3).

The low significance of relationships with other
people was noted by about 30% of men and women,
without the statistical significance of the differenc-
es. The negative assessment of relationships with
others was present in one-third of the patients, irre-
spective of gender. This probably led to inactivity
to initiate interactions with others (over 70% of men
and women).

Statistically significant differences (p = 0.003)
depending on gender were obtained regarding the
conviction that “people around them rarely seek
communication with the patients” (37.1% of men
and 16.7% of women). This fact could be explained
by projection mechanisms, passive aggressiveness
(up to 92% of men and women (p = 0.3) reported
adherence to social rules), lack of initiative (more
than 75% of patients (male and female), p = 0.8,
were not involved in social activities). These were
behavioral patterns typical of patients with ADs
leading to objective limitation of communication on
the part of people from the environment.

According to the self-evaluation data, irrespec-
tive of gender, the patients had problems not only
in sphere of communication, but also in the getting
interest and pleasure from searching information
(more than one-third of patients, p = 0.25), hob-
bies (about one-third of patients, p = 0.1), free time
(more than 60%, p = 0.5), as well as self-evaluation
of their external attractiveness (more than half of the
patients, p = 0.3). In patients with ADs and chronic
CAD, social adaptation was difficult in almost 60%
of cases (irrespective of gender, p = 0.1). Family
was almost the only source of support in case of
the chronic course of ADs and CAD, which had to
be taken into account when planning rehabilitation
measures in this group of patients.
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ABSTRACT

Background. The tolerance of colon cleansing with Fortrans is associated with a number of negative factors. This
determines patient compliance and quality of bowel preparation. The relevance of this issue is increasing due to the
prevalence of this method in the diagnosis and treatment of colon pathology.

The aim of the study was to investigate tolerance to Fortrans in colon preparation for colonoscopy and factors
affecting comfort.

Materials and methods. Before colonoscopy, a questionnaire method was used to study 84 patients who underwent
colon preparation with Fortrans. Patient satisfaction with the preparation was evaluated on the visual analogue scale
(VAS).

Results. 45 (52.4%) people were satisfied with comfort of the preparation and rated its level as 0—2 points on the
VAS. 39 (47.6%) patients were not satisfied with the preparation, a discomfort level of 3—10 points was estimated.
Factors affecting patient tolerance of Fortrans administration were determined.

Conclusion. Satisfactory tolerance of the colon preparation with Fortrans was observed in half of the patients,
which depended on their psychological state and realized expectations of comfort during the procedure. Predictors
of intolerance of colon preparation are side effects of Fortrans, which are largely mitigated by its split intake, as well
as incorrigible factors, such as higher education, repeated colonoscopy, and history of constipation.

Key words: bowel preparation, predictors of tolerance, side effects of Fortrans.
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MepeHOCMMOCTb NOAFOTOBKM K KO/IOHOCKOMNUU NpenapaTom «PopTpaHC»
U NPEeAUKTOPbI, BAUAIOLLME Ha €€ XapaKTep

MartBeeB U.A.", Tn6ept 6.K.2, MaTBeeB A.l.?, Kosnos M..?

! Tiomencruii 2ocyoapcemeennwlit meouyunckuil ynusepcumem (Tioml MY)
Poccus, 625023, . Tromens, yn. Odecckas, 54

2 Obnacmuas knunuuecxas bononuya (OKB) Ne |
Poccus, 625023, 2. Tiomenw, yn. Komosckozo, 55

PE3IOME

BBenenne. [lepeHOCMMOCTh OYMIIEHHS TOJCTOM KHIIKM (DOpPTpaHCOM CBsizaHa C PsAOM (pakTOpOB, KOTOpPBIE
HEJIOCTAaTOYHO HCCIICI0BAaHbI B paMKaxX paccMaTpuBaeMoi mpodiemsl. OHa omnpeiesisieT KOMILIAGHTHOCTD MaleHTa
U B UTOT€ Ka4eCTBO OUUCTKHU TOJCTON KMIIKH. 3HaYEHHUE IEPEHOCUMOCTH IIOTOTOBKH K KOJIOHOCKOIIMU BO3pacTaeT
U3-3a PACHPOCTPAHEHHOCTH 3TOI'0 METO/A B TMarHOCTUKE U JICYEHUH [IaTOJIOTUH TOJICTON KHUILIKH.

ue.l]b. I/I3y‘II/ITB NEPEHOCUMOCTDb Q)oprcha Ipru 1oArOoTOBKE TOJCTOW KHUIIKKA K KOJIOHOCKOITMHA H (baKTOpBI,
BJIMAIONIIUE HA €€ XapaKTeEp.

Matepuajbl 1 MeToabl. Ha T0OKOJIOHOCKOIIMYECKOM 3Talle METOI0M aHKETUPOBAHMS HCCIIEIOBaHbI 84 MalMeHTa,
MPOIIEAIIAE MOATOTOBKY TOJCTOH KHIIKK (opTpancoM. [lo BusyamsHO-aHamoroBoil mkane (BAIL) m3ydena
YJIOBJICTBOPEHHOCTD MAIIMCHTAMU IPHEMOM IIperapara.

Pesyabrartsl. 45 (52,4%) 4enoBek yaoBIeTBOPEeHbl KOM(MOPTOM MOATOTOBKH, CaMOoOlleHKa o 1mkaine BAII 0-2
6amna, 39 (47,6%) mauMeHTOB OTMETWJIM HEYAOBJICTBOPEHHOCTb IPUEMOM IIpenapara, ypoBeHb JUCKoM(popTa
3—10 GamoB. BeisiBieHbI (hakTOphI, BIUSIONIME HA MEPSHOCHMOCTD TaljieHTaMu prueMa (opTpaHca.

3akiouenne. Y I0BIETBOPUTENIbHAS IEPEHOCHMOCTD TIOJrOTOBKU TOJICTOM KHIIKH (POPTPAHCOM HAOIIOIAETCS
y TIOJIOBUHBI MAIMEHTOB. JTO B ONPENEIEHHON Mepe 3aBUCHT OT MX MCHXOJIOTMYECKOTO COCTOSIHUSI M CTEIEHH
HCIIOJIHEHUS OKUIAHUH KoM(pOpTa MOATOTOBKH. [IpeMKTOpaMu HEMEPEHOCUMOCTH MOATOTOBKH TOJICTON KHIIKH
SIBJISIFOTCSL HEXKEJTAaTebHBIE MPOSIBJIEHHs (POPTPAHCA, KOTOPbIE B 3HAYUTEIHHON MEPE HUBEIUPYIOTCS Pa3ebHBIM
NPUEMOM TIperapara, a TaKKe HEKopperupyemble (pakTopbl: BhICIIee 00pa3oBaHUE, MOBTOPHAS KOJOHOCKOIUS,
3a1I0pBbI.

KimroueBble cj10Ba: MOJArOTOBKA KHINEYHHKA, MPEIUKTOPHI MEPEHOCHMOCTH, HEXEIaTelbHBIC SBICHUS MPU
MOJIrOTOBKE (hopTpaHcom.

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HACTOSIIEH CTaThH.

Hcrounnk puHaHCcHpoOBaHUA. ABTOPHI 3aBIISAIOT 00 OTCYTCTBHH (PMHAHCHPOBAHUSL.

CooTBeTcTBHE NMPUHIWNAM 3THKH. Bce manmeHTsl mojamucand WHGOPMUPOBAHHOE COTJIacHe Ha ydacTHe B
nccienosanuy. MccnenoBanue 0100peHO TOKATBHBIM 9THYECKAM KOMUTETOM IpH TIOMEHCKOM TOCYAapCTBEHHOM
MeJMIUHCKOM yHuBepcuTete (mpotokois Ne 90 ot 17.03.2020).

Jas uurupoanmsi: Marsees U.A., T'ubept b.K., Matsees A.U., Kosnos M.II. [lepeHOCHMOCTh MOATOTOBKU
K KOJIOHOCKONHH mpernapatoM «DopTpaHe» U MPEAUKTOPHI, BIUSIONINE Ha e XapakTep. biowiemens cubupckoil
meouyunst. 2021; 20 (1): 83-89. https://doi.org: 10.20538/1682-0363-2021-1-83-89.

INTRODUCTION

Tolerance to colonoscopy preparation with Fortrans and predictors

Antegrade intestinal lavage is the main prepa-
ration method for colon examination. Fortrans, a
polyethylene glycol-based medicine, the oldest of
this group, remains a common drug for purgation
and often serves as a control in various scientific
studies which investigate new drugs and ways of

preparing the intestines for various diagnostic and
therapeutic procedures [1-3].

Unsatisfactory tolerance of colon cleansing is
associated with side effects of medications used for
this purpose. This is one of the factors influencing
preparation tolerance, and it is important, though
not the only one. There are other factors, such as
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demographic, social, and clinical ones, which are
not sufficiently studied within the issue under con-
sideration.

Tolerance of the preparation process determines
the patient’s compliance and, as a result, the quali-
ty of colon cleansing. This is the key to successful
colonoscopy [1, 3, 4]. The study of tolerance pre-
dictors, their relationship with compliance, and the
quality of colon cleansing will help to correct the
colonoscopy preparation plan, which will improve
the quality of examination and treatment of patients
[5, 6]. Studies on patient satisfaction with their co-
lon cleansing medications preparations are warrant-
ed and necessary [7]. These studies are carried out
on the basis of analyzed patient questionnaires and
assessments of the quality of treatment or its stages
[8].

The aim of the study was to investigate tolerance
of Fortrans in colonoscopy preparation and factors
affecting its quality

MATERIALS AND METHODS

A total of 84 patients participated in the study.
The average age of the patients was 57.7 = 11.8
years. There were 39 (46.42%) elderly and old
patients. The study included 37 men (44.0%) and
47 women (55.9%). In 53 people, the indication
for colonoscopy was a screening study with a pos-
itive fecal occult blood test, and they took the drug
for the first time. In 31 patients, an operation was
planned for endoscopic removal of polyps detected
in primary health care facilities, and Fortrans was
taken for the second time. Patient preparation was
carried out at home. Preparation instructions were
given by the endoscopist at the pre-colonoscopy ap-
pointment.

Patients were admitted to hospital on the day of
the study. Before colonoscopy, all patients were in-
terviewed by the co-author of this study, according
to the plan presented in the questionnaire. Patients
assessed the degree of discomfort in preparation for
the examination on the 10-point visual analogue
scale (VAS): 0 — no discomfort and 10 — maximum
discomfort. Based on the degree of discomfort, 2
groups of patients were formed, who underwent
colon cleansing for colonoscopy satisfactorily or
unsatisfactorily, according to their self-assessment.

The study was prospective, non-randomized,
and single-center.

RESULTS

Depending on the comfort during prepara-
tion, the patients were divided into 2 groups. The
Ist group consisted of 45 (52.4%) people, 21 men
(46.66%), and 24 women (53.33%), who were sat-
isfied with the comfort during preparation; the VAS
scores were 0—2 points. The patients felt no discom-
fort, or the discom- fort was mild. There were 25
(55.55%) people over 60 years old in the first group.

The second group consisted of 39 (47.6%) pa-
tients, 16 men (41.0%) and 23 women (59%), and
included 14 (35.9%) patients over 60 years old.
They noted dissatisfaction with the preparation, the
assessment of discomfort on the visual analogue
scale was from 3 to 10 points. No statistically sig-
nificant differences by age and sex were observed in
the studied groups, p = 0.07 and 0.6.

The comfort of preparation equal to 0 points
was noted by 23 (27.4%) people, 1 point —
15 (17.8%) patients, 2 points — by 7 (8.3%) people.
There were 27 (32.1%) patients with the discom-
fort level of 3—6 points and 12 (14.3%) patients
with the discomfort level of 7—10 points. The most
common side effects were abdominal syndrome:
pain and bloating in 23 (27.4%) people, dyspep-
sia in 22 (26.2%) patients, including nausea in 18
(21.4%) cases and vomiting in 4 (4.8%) patients.
An increase in blood pressure was recorded in 13
(15.5%) patients.

Thus, adverse effects of Fortrans were registered
in 58 (69.1%) cases. An increase in the frequen-
cy of adverse effects of Fortrans (abdominal pain,
dyspeptic syndrome, and increased blood pressure)
were statistically significant in patients with an un-
satisfactory assessment of tolerance of the medica-
tion.

Non-adherence to the instructions for colonosco-
py preparation was registered in 28 (33.3%) people
(Table 1). In the group with satisfactory tolerance,
12 (26.7%) patients did not follow the preparation
methodology, most frequently they noted non-com-
pliance with the diet: 8 (17.8%) people. 16 patients
(41.0%) who rated the bowel preparation process as
unsatisfactory did not follow the doctor’s instruc-
tions. The main violations were connected with a
decrease in the volume of fluid taken: 11 (28.2%)
patients. The differences in non-compliance with
the amount of fluid taken were statistically signi-
ficant (p = 0.044) between the groups.
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Table 1
Violations of Fortrans intake depending on the preparation tolerance, n (%)
Preparation tolerance
Parameter Number i i
of patients satisfactory, unsatisfactory, p
n=45 n=39
Non-compliance with the diet 13 (15.5) 8 (17.8) 5(12.8) 0.531
Decreased fluid intake 15 (17.8) 4(8.9) 11 (28.2) 0.044
Total 28 (33.3) 12 (26.7) 16 (41.0) 0.146

The number of violations made it possible to
determine the compliance of patients for the entire
cohort of the studied groups: 84.5% for diet vio-
lation and 82.2% for fluid intake. Among patients
with satisfactory tolerance, compliance with treat-
ment in terms of the volume of fluid drunk was
91.1%, in terms of adherence to a diet — 82.2%.
In the group with unsatisfactory tolerance, com-
pliance was 71.8% and 87.2%, respectively. The
general compliance with treatment was 73.3%
in the group with satisfactory preparation toler-
ance and 59% in the group with unsatisfactory
preparation.

The results of assessing satisfaction with colon
cleansing in patients with prior experience in prepa-
ration and those admitted to the department to re-
move previously detected polyps were significantly
worse than in patients who underwent preparation
with Fortrans for the first time, 7 (15.5%) and 38
(84.4%) patients, respectively, p = 0.001. Satisfac-

tory assessment of preparation tolerance among pa-
tients suffering from constipation was noted by 12
(26.6%) patients and unsatisfactory assessment — by
21 (53.8%) patients, p = 0.02. Out of 28 (33.3%)
patients with higher and incomplete higher educa-
tion, 19 (48.7%) people were not satisfied with the
preparation, while 9 (20.0%) patients were satisfied,
p=0.01.

In the studied cohort, 47 (55.9%) patients had
one-phase preparation, and 37 (44.1%) patients had
two-phase preparation. The split (two-phase) meth-
od was preferred. The type of preparation process
depended on the patient’s ability to take medication
in the morning. Assessment of satisfaction with
preparation practically did not differ for both meth-
ods of colon cleansing. One-phase preparation was
characterized as satisfactory by 53% of patients and
unsatisfactory by 46% of patients, and two-phase
preparation — by 51% and 48% of patients, respec-
tively (Table 2).

Table 2
Adverse effects of Fortrans in various preparation methods, n (%)

Symptom One-phase preparation, n =47 Two-phase preparation, n =37 p
Abdominal syndrome 13 (27.6) 10 (27.0) 0.949
Dyspepsia 26 (33.9) 6(16.2) 0.001
Nausea 13 (27.6) 5(13.5) 0.112
Vomiting 3(6.3) 1(2.7) 0.432
Increased blood pressure 9(19.4) 4(10.8) 0.295
Total 38 (80.8) 20 (54.1) 0.009

Side effects of Fortrans were detected in 38
(80.8%) patients with one-phase colon preparation
and in 20 patients with two-phase colon preparation
(54.1%), p =0.009. The main adverse effects during
one-phase and split preparation were abdominal
syndrome, the frequency of which was the same in
both groups, 27.6% and 27.0%, respectively, and
dyspepsia, whose appearance during split prepa-

ration was two times less frequent than in patients
with one-phase preparation, 16.2% and 33.9%, re-
spectively, p = 0.001 (Table 2).

In one-phase preparation, 6 (12.76%) patients
reported violation in adherence to the diet and 13
(27.65%) patients to the fluid intake. In split prepa-
ration, the same was noted by 7 (18.9%) and 2
(5.4%), patients respectively.
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In one-phase preparation, compliance for ad-
herence to the diet was 87.27%, compliance for the
volume of fluid taken was 72.35%. In split prepa-
ration, the compliance was 81.9% and 94.6%, re-
spectively. The groups with different preparation
methods showed statistically significant differences
in adherence to fluid intake, p = 0.009.

DISCUSSION

The study is focused on the factors that could
affect discomfort of patients when preparing for
a colonoscopy with Fortans in various situations.
They are closely related to such features as into-
lerance, dissatisfaction, and tolerance — terms that
are close in meaning and are used interchangeably.
Only a few studies have examined the topic of to-
lerance during colonoscopy, at the same time, one
of the important criteria for assessing the quali-
ty of hospital work is patient satisfaction with the
treatment [9]. The prevalence of poor tolerance of
preparation, which, due to its discomfort, often ex-
ceeds the colonoscopy itself, makes the study rele-
vant [10].

The study analyzing the level of discomfort when
taking Fortrans according to the VAS scale showed
that 45 (52.4%) patients noted satisfactory tolerance
of preparation. Patient satisfaction with Fortrans is
reflected in a few publications [11]. The research of
S.G. Tereshchenko et al. (2013) studied the level
of patient “non-burdensomeness” in preparing for
colonoscopy with Fortrans, and the obtained result
was similar to our studies (55%) [11].

Thus, only slightly more than half of the patients
who underwent Fortrans colonoscopy preparation
were satisfied with its quality. The study of Fortrans
side effects showed that in the general cohort of pa-
tients abdominal pain and bloating were reported
by 23 (27.4%) patients. The published studies show
significant differences in the incidence of abdo-
minal pain with Fortrans, from no pain to 52% [10,
11]. In the group with satisfactory tolerance, pain
syndrome occurred in 6 patients (13.3%), and in the
group with unsatisfactory tolerance, it was reported
much more often, by 17 (43.6%) patients, p = 0.002.
Abdominal pain during colon preparation according
to V.M. Ussui et al. was a reliable reason for the pa-
tient’s refusal to undergo a second colonoscopy [9].
Dyspepsia was observed in 22 (26.9%) patients: in 1
(2.2%) patient with satisfactory tolerance of prepa-

ration and in 21 (53.8%) people with unsatisfactory
tolerance of preparation, p = 0.001. The incidence
of this syndrome for Fortrans intake also has signi-
ficant differences: from 12.9% to 96.4% [3, 10].

In our research, increased blood pressure was
recorded in 13 (15.5%) patients: 3 (6.6%) patients
with satisfactory tolerance and 10 (25.6%) patients
with unsatisfactory tolerance, p = 0.037. There is a
significant relationship between patient dissatisfac-
tion with the preparation and adverse effects of tak-
ing the medication. The side effects are the reason
for inadequate colon cleansing preparation. Non-ad-
herence to the instructions during colon preparation
with Fortrans is not uncommon, which is confirmed
by various studies [3, 5, 10, 11].

E.D. Fedorov et al., S.G. Tereshchenko et al.
found out that 57.1 and 58% of patients, which is
more than half of the studied patients, could not
drink the entire intended volume of fluid [3, 11].
Due to the large volumes of fluid taken and the need
for long-term adherence to the diet, the drugs of the
Macrogol group are characterized by lower compli-
ance of patients with prescriptions.

According to Fedorov E.D. et al. [3] and
D.A. Svetyash [40], compliance in taking Fortrans
was 82% and 78%, respectively. In our study, com-
pliance in taking Fortrans with satisfactory tolerance
was 73% and with unsatisfactory tolerance, it was
59%. There are studies confirming our results: the
higher the assessment of satisfaction with the prepa-
ration, the greater the adherence to the drug taking,
“the patient compliance is influenced by the level of
their comfort, confidence and, satisfaction” [9].

Of all the factors that determine preparation
tolerance to the chosen medication, the doctor can
influence the colon cleansing results only by pre-
scribing a method of its administration: one-phase
or two-phase intake of a dose of the drug by the pa-
tient. The rest of the factors (demographic, social,
clinical) are independent constants determined by
patients themselves. Demographic characteristics
(age, sex) did not have a significant effect on the
preparation tolerance. Of the social factors, only
higher education was a statistically significant sign
of unsatisfactory tolerance of colon preparation
(p = 0.01). Adverse effects of Fortrans, constipa-
tion and repeated colonoscopy were significant
clinical features of dissatisfaction with the prepa-
ration for colonoscopy.
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While examining tolerance to colonoscopy, S.
Hazeldine et al. revealed that patients with repeat-
ed colonoscopy also significantly more often noted
worse results on procedure tolerance on the VAS
[13].

Adverse effects of Fortrans were observed in 38
(80.8%) patients with the one-phase preparation
method, and in 20 (54.1%) patients with the split
method, p = 0.009 (Table 2). Similar results were
obtained by other researchers [1]. At the same time,
when comparing patient satisfaction in different
methods of preparation, the results did not differ.
Satisfaction with one-phase preparation was ob-
served in 25 patients (53.1%) and with split prepa-
ration in 19 patients (51.3%). Dissatisfaction with
the methods was detected in 22 (46.8%) and 18
(48.6%) patients, respectively. There was no dif-
ference which would indicate the beneficial impact
of any preparation method on comfort of the pro-
cedure.

Atthe same time, the study of the Fortrans adverse
effects in groups of patients with different methods
of preparation showed their significant differences.
In the one-phase method, the side effects were more
frequent in comparison with the split method (Table
2). It would be logical to assume that frequent side
effects of Fortrans in one-phase preparation meth-
od should lead to a decrease in the comfort score
in this method of colon cleansing. However, it did
not happen, as duration of split prepa- ration, includ-
ing sleep between phases, was more than 12 hours.
There was no quality sleep due to the need to wake
up early and take medication for the second time.
Then patients had to arrive at the clinic on time and
undergo the admission procedure, all this had to be
done till 1-3 p.m. (the time of the colonoscopy with
the split preparation method).

All nonresident patients risked being late for ex-
amination, which did not contribute to their psycho-
logical comfort, but, when assessing the tolerance,
it was compensated for by less frequent side effects
of Fortrans due to a decrease in its intake volume.
At the same time, one-phase evening preparation,
with its difficulties in taking 4 liters of liquid and
high incidence of adverse drug effects, was more
convenient for nonresident patients in terms of psy-
chological comfort, which was facilitated by the ab-
sence of time pressure, which influenced the overall
assessment of the preparation tolerance.

Ultimately, similar assessments of satisfaction
with the preparation tolerance were obtained in the
groups with one-phase and two-phase preparation
for colonoscopy. T. Voiosu et al., using a 10-point
visual analogue scale to assess patient satisfaction
with the preparation for colon cleansing, also not-
ed that there was no difference in the assessment of
comfort depending on the preparation method [12].
L.A. Shafer et al. showed that awakening and taking
medication early in the morning in 1/3 of patients
preparing for a split colonoscopy caused a negative
reaction, which affected the assessment of satisfac-
tion with this preparation method [14].

Patient satisfaction with treatment was defined
by M. Tierney et al. as “a multifaceted and individ-
ually dependent response with questionable validi-
ty” [8]. Analysis of the study results and literature
data suggests that the preparation tolerance is not
a direct reflection of the degree of adverse drug ef-
fects during colon cleansing, but is a multifactorial
patient selfassessment of their condition, where the
psychological component and its “doubtful validi-
ty” are equally important.

The psychological state is formed as a result of
patient’s knowledge about the peculiarities of prepa-
ration, the need for it, the conditions of being in the
clinic, and communication with medical personnel
at all stages of preparation and colonoscopy. A lack
of assessment of these parameters, understudied
comparison of Fortrans tolerance with other med-
ications used for colon cleansing, and single-center
nature of the study are the weaknesses of this work.

CONCLUSION

Satisfactory tolerance of colon preparation with
Fortrans is observed in half of the patients. It sig-
nificantly depends on the adverse effects of the
drug, which are to a large extent mitigated by its
split intake, and a number of unregulated features
associated with characteristics of the patients, such
as higher education, repeated colonoscopy, and con-
stipation, which must be taken into account when
planning colon cleansing.
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ABSTRACT

Aim. To investigate links between the attachment style and ability to detect facial emotions using a functional
magnetic resonance imaging (fMRI) paradigm in depressed patients.

Materials and methods. Participants diagnosed with mild to moderate depression or dysthymia (19 patients)
and healthy volunteers (20 individuals) were to identify one of eight basic emotions on 48 photos by choosing
the appropriate answer from two options. Attachment was measured using the Experience in Close Relationships
Scale. In addition, depression, alexithymia, and rumination were estimated as other possible correlates.

Results. In the group of patients with depression, anxious attachment score had a negative correlation with the
accuracy of angry facial expression detection (p =—0.65, p < 0.01) and a positive correlation with the accuracy of
sad facial expression recognition (p = 0.48, p < 0.05). Patients with high total rumination (p =-0.48, p < 0.05) and
depressive rumination (p = —0.53, p < 0.05) scores also detected angry facial expression less accurately. None of
the mentioned relationships were present in healthy people, however, they demonstrated a correlation of the total
number of portraits tagged as “sad” with the brooding rumination score (p =0 .53, p <0.05).

Conclusion. Attachment disruptions in depressed patients may be related to aggravation of the deficit in the ability
to detect emotions of others.
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Ctuib NpUBA3aHHOCTU U pacno3HaBaHUe 3MOI.I,MOHa/IbHOﬁ MWUMUKHUN
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PE3IOME

Henb. VM3yunTs CBSA3M MEXIy CTHIIEM IPUBSI3aHHOCTH M CHOCOOHOCTBIO K PAcIIO3HABAHUIO SMOIMOHAIBHON
HKCIIPECCHH B yCIOBHAX IKCIIEPUMEHTA C HCIIOJIb30BaHNEM (PYHKIINOHAIEHOH MarHUTHO-PE30HAHCHOH TOMOTpadin
y MaIMEeHTOB C ETIPECCHEH.

Matepuajbl 1 MeTOAbI. VcribITyeMbIe C JIETKUM, YMEPEHHBIM JETIPECCUBHBIM SMH3010M WK auctumuei (19) u
370pOBbIe 100pOBOJIbLbI (20) TODKHEI OBLIH OMPESITUTh OHY U3 BOChbMHU 0a30BbIX dMolHii Ha 48 doTorpadusx,
BBIOPAB U3 JBYX BapHAHTOB BEPHBIH. J[J15 OLlEHKH CTUIIS IPUBA3aHHOCTH MCTIONIB30BasIcsi ONPOCHUK NPUBS3aHHOCTH
K OJIM3KHUM JIIO/M. J[OTIOJTHUTENIBHO OLICHUBAJICS YPOBEHb JICHIPECCHH, AEKCUTUMHM M PYMUHALUM KaK Jpyrue
BO3MO>KHBIE KOPPEJIATBL.

Pe3yabTaTtsl. B rpynme genpeccun BoIpaXKEHHOCTh TPEBOYKHOTO CTUIISL IIPUBS3aHHOCTH 00PaTHO KOppeInpoBaia
C TOYHOCThBIO OMpeieNicHiss MUMHKH THeBa (p = —0,65, p < 0,01), a NONOXUTEIHHO — C KAYECTBOM PACIIO3HABAHUS
nevanbHbIX JUl (p = 0,48, p < 0,05). Dkcrnpeccus THEBa TAKXKe XYK€ PacliO3HABANIACH MAIIMCHTAMU C BHICOKUM
6ayuIoM 1o 1mKane pymuHanuu B nenom (p = —0,48; p < 0,05) u noamkane nenpeccuBHoi pymunaruu (p = —0,53;
p <0,05). Y 300pOBBIX JIf0/icH HE BBISIBICHBI YIIOMSHYTBIE CBSI3H, OJJHAKO YHCIIO TOPTPETOB, ONPEIEICHHBIX KaK
nevajbHble, OBIJIO aCCOLMMPOBAHO C MOALIKAIONW HaBsI3YMBBIX MBICJISH KAl pymuHanuu (p = 0,53, p < 0,05).

3akaoyenne. HapymmeHnust IpuBS3aHHOCTH NIPH JIETIPECCHH MOTYT OBITH CBSI3aHBI ¢ yCyryOneHHeM nedunuTa
CIOCOOHOCTH K ONPEISNICHUIO SIMOLIUH APYTHUX JIFOIEH.

KuroueBble ciioBa: a(b(i)eKTI/IBHI)Ie paCCTpOﬁCTBa, OMOLUHU, 3MOL[PIOHaJ'ILHLIfI HUHTCJIICKT, SMIIATH.

KonpaukT nHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HaCTOSIIEeH CTaThU.

Hcrounuk ¢unaHcupoBanmsi. PaGoTa BEIMONHEHA NpU MoOJyepxke Poccuiickoro Hay4HOro (onma (MpoeKT
Ne 16-15-00183).

CooTBeTcTBHE MPHHIIUNIAM ITHKH. Bee manuenTs! moanucany HHGOPMUPOBAHHOE COTIIACHE HA yIaCTHE B HCCIIe-
noBanud. [Ipoekt oqo6pen stmdeckuM komuteroM HUU monekynsiproii 6uonorun u 6nodusuku, OenepanbHbiit
HCCIIEIOBATENBCKIIA EHTDP QYHAaMEHTAIRHON U TPAHCISIIUOHHON MeauiuHbI (ipotokos Ne 1 ot 08.06.2016).

Jast uurupoBanusi: MensuukoB MLE., beamarepusix J1./1., Ko3znosa JI.U., Hataposa K.A., IlItapk M.b. Ctuin
MIPUBS3aHHOCTH U PACIIO3HABAHHE dMOIMOHAIBLHON MUMUKH TIPU JICTIPECCHH. Broiemensb cubupckoi MeOuyubl.
2021; 20 (1): 90-97. https://doi.org: 10.20538/1682-0363-2021-1-90-97.

INTRODUCTION

Emotional intelligence disruptions defined as
difficulties in understanding emotions of other
people are frequent in depression. Patients with a
current depressive episode are worse at deducing
emotions from facial expressions than remitted

ones, and those with a history of depression per-
form poorer in this task than people with no life-
time history of depression [1]. This feature is part-
ly related to a dysfunction at the late stage of the
perceptual processing leading to a more negative
evaluation of the external stimuli [2]. However, a
deficit in emotion recognition may be influenced
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by other, more specific factors, namely an attach-
ment disruption, which develops and is manifested
in the early mother-infant relationships, according
to J. Bowlby’s original theory [3]. M. Ainsworth et
al. defined three main attachment styles, namely se-
cure, anxious, and avoidant; the latter including the
dismissive and the fearful subtypes [4].

C. Hazan and P. Shaver [5] hypothesized that
the attachment style determines adult behavior in
romantic relationships. While people with the se-
cure attachment style expect reliability and safe-
ty, those with the anxious style use relationships
as a means to cope with a feeling of a threat and
are afraid of losing a social bond perceived as de-
fense. The avoidant attachment style is related to
suppression of both a feeling of a threat and social
needs [6, 7]. People with anxious and avoidant
attachment styles, compared to those with the se-
cure style, demonstrate selective attention to social
stimuli [6, 7]. Associations between the attachment
style and responses to facial expressions in adults
are established in a number of studies [1, 6, 8—10].
In depressed patients, the anxious attachment style
is frequent [11]. However, both dysfunctional at-
tachment styles are related to a risk of depression
[12] and the presence of a comorbid social phobia
aggravating the affective symptoms [13].

Multiple studies have focused on neuroimaging
correlates of attachment. In such studies, simple
tasks aimed at uncovering some features of the at-
tachment style are performed during fMRI scanning
[7, 14-16] or EEG recording of event-related poten-
tials [8, 9].

The aim of the study was to explore the associ-
ations between the prominence of pathological at-
tachment styles and the accuracy of recognizing ba-
sic emotions in healthy participants and in patients
with depression using fMRI.

MATERIALS AND METHODS

The study was a part of the project devoted to
neuroimaging and psychological markers of de-
pression and evaluation of the effectiveness of its
non-pharmacological treatment. The experimental
group included individuals aged 18—65 years with
the first documented episode of unipolar depres-
sion. The participants received no pharmacological
treatment and were unwilling to undergo any anti-
depressant therapy, which seems reasonable, since

most patients had mild depression. Exclusion cri-
teria were major psychiatric and neurological dis-
orders as well as MRI contraindications. The ex-
perimental group consisted of 21 patients (6 men,
15 women, the average age was 34.3 + 9.0 years,
Beck Depression Inventory (BDI) score was
18.7+10.5) who were diagnosed with a mild depres-
sive episode (F32.0), moderate depressive episode
(F32.1), or dysthymia (F34.1) according to ICD-10.

The control group comprised 21 healthy vol-
unteers (6 men, 15 women, the average age was
33.848.5 years, BDI score 4.6 = 4.5). The same
set of exclusion criteria was applied, including the
absence of a current affective disorder and affec-
tive disorders in the medical history. All variables
presented as the mean + standard deviation were
normally distributed (Kolmogorov — Smirnov test,
p < 0.4). The groups had no significant differenc-
es in gender ratio and the mean age. No data were
obtained for two individuals from the depression
group and one healthy volunteer, which resulted in
their exclusion from the study.

All the participants signed an informed consent
prior to their inclusion in the study. The study was
approved by the Ethics Committee at the Research
Institute of Molecular Biology and Biophysics, a
division of the Federal Research Center of Funda-
mental and Translational Medicine (Protocol No. 1
0f 08.06.2016).

The patients from the experimental group were
invited by a licensed private therapist who verified
the diagnosis of affective disorder and compliance
with other inclusion criteria. The control group was
recruited via an advertisement in the social network
and by word of mouth from previous participants.
Each control matched a patient from the experi-
mental group in gender and age + 5 years. Those
who had given their consent to participate in the
study first visited a licensed neurologist to rule out
any major neurological disorder and then the Inter-
national Tomography Center, Siberian Branch of
Russian Academy of Sciences, for an imaging ses-
sion. A reference MRI and a combined EEG-fMRI
acquisition were performed with a few emotional
paradigms. The behavioral data from one of them
are analyzed in the current study. After the scanning
session, a brief attention check was done. Namely,
the participants looked at a number of photos and
indicated those that they had seen during the scan-

92 Bulletin of Siberian Medicine. 2021; 20 (1): 90-97



Original articles

ning session. After that, psychological question-
naires were completed. The Experience in Close
Relationships and the Ruminative Response Scales
were in a paper-and-pencil form, while other ques-
tionnaires were filled in via the BOS-Test (Comsib
Ltd, Russia) software for psychological assessment.
Upon completion of data collection, the participants
received a small monetary reward and a CD with
the reference structural image.

Psychological variables were assessed using the
Experience in Close Relationships Scale [17] (an
adaptation of the Experience in Close Relationships
Scale [18]), the Ruminative Response Scale [19] (an
adaptation of the Ruminative Response Scale [20]),
the 26-item Toronto Alexithymia Scale, Beck De-
pression Inventory [21] (an adaptation of the Beck
Depression Inventory [22]), and Zung Self-Rating
Depression Scale [23] (in an adaptation [24]). The
levels of rumination, alexithymia, and general de-
pression were estimated in order to find out whether
results of correlation analysis were related primarily
to attachment or to more general variables. Age was
also included in the analysis in order to check its
possible influence on the main results.

The facial expression recognition paradigm was
prepared using the Millisecond Inquisit software.
Forty-eight photos of facial expressions (six pho-
tos for each basic emotion) from the Face-Place
database (M.J. Tarr, Center for the Neural Basis of
Cognition and Department of Psychology, Carnegie
University, http://www.tarrlab.org/) were presented
in a pseudorandom order. There were eight basic
emotions, namely anger, confusion, disgust, fear,
happiness, sadness, surprise, and a neutral facial ex-
pression. Each photo was accompanied by two pos-
sible answers, and the participant had to choose the
correct one by pressing the corresponding button.

The participants saw the photo and the answers on
the monitor screen; they were reflected in the head
coil mirror of the scanner. We recorded 1) the num-
ber of answers in each category, regardless of their
correctness and 2) the number of accurate responses
in each category which was a sum of correct posi-
tive (sensitivity) and correct negative (specificity)
answers for all photos which had this answer as an
option. Associations between the participants’ psy-
chological features and facial expression recogni-
tion parameters were established by the Spearman’s
rank correlation coefficient p separately for each
group using the IBM SPSS 21.0 software. Due to a
small sample size, the statistical power of the analy-
ses in the current study allowed to discover correla-
tions with p = 0.45 and above.

Thus, the cutoff score for significant correlations
is nearly equivalent to an accepted border between
weak and moderate correlations (» = 0.4) [25].
Since the study is aimed at highlighting prominent
links, this obstacle does not seem to be a serious re-
striction. However, the negative results of the study
should be interpreted with caution.

RESULTS

Depressed patients did not differ from healthy
volunteers in the general accuracy of facial ex-
pression recognition (on average, 73% of correct
answers in each group). The correlation analysis
demonstrated that depressed participants exhibit-
ed a negative correlation between the anxious at-
tachment score and the quantity of correct answers
in the “anger” category (see Table 1 and Figure).
A positive correlation between the anxiety attach-
ment score and the quantity of correct answers in
the “sadness” category was also established in this

group.

Table 1

Spearman’s rank correlation coefficient of the quantity of correctly recognized portraits for each emotion and attachment scores in
depressed and healthy participants

Scale Facial emotion
Anger Confusion Disgust Fear Happiness Surprise Sadness Neutral

Depressed patients, n = 19:

— anxious; -0.30 —-0.36 -0.14 0.045 -0.22 —0.08 0.19 0.19

— avoidant —0.65° -0.5 -0.09 0.14 -0.10 0.06 0.48* -0.11
Healthy volunteers, n = 20:

— anxious; 0.07 0.10 -0.26 -0.17 -0.30 -0.17 0.22 —-0.35

— avoidant 0.21 0.14 0.15 0.18 0.14 -0.16 0.14 0.19

Note. * p <0.05; b —p <0.05 with the Bonferroni correction.
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Figure. A scatter plot for anxious attachment score (abscises)

and the quantity of correctly recognized anger expressions

on photos (ordinates) in the group of depressed patients,
p=-0.65.

In the depression group, the accuracy of recog-
nizing the angry expression was also associated with
general rumination (p =—0.48; p = 0.04) and depres-
sive rumination (p =—0.53; p = 0.02). No such cor-
relations for depression or alexithymia scores were
discovered in any group. Correlations between age
and facial emotion recognition were observed (Ta-
ble 2). However, they were unrelated to the results
mentioned above. An interesting general trend may
be a decline in the facial expression recognition ac-
curacy in healthy volunteers with age.

The correlations listed above did not work for
the total number of answers (irrespective of cor-
rectness) identifying an emotion on the photo. No
such significant correlations were present in the de-
pressed group, while in the healthy group brooding
rumination scores had a negative correlation with
the total number of answers in the “sadness” cate-
gory (p=10.53; p=0.02).

Table 2

Spearman’s rank correlation coefficient of the quantity of correctly recognized portraits for each emotion and age in depressed
and healthy participants

G Facial emotion
roup Anger Confusion Disgust Fear Happiness Surprise Sadness Neutral
Depressed patients,
n=19 10 —0.22 0.01 —0.00 0.03 —0.51* —0.09 —0.03
Healthy volunteers,
n=20 0.25 —0.60** —0.09 -0.39 -0.62° -0.33 -0.39 —0.58**

* p<0.05; ** p<0.01; ® p < 0.05 with the Bonferroni correction.

Lastly, the number of answers in the “happiness”
category had a positive correlation with the partici-
pants’ age in the control group (p =0.61; p <0.01).

DISCUSSION

The most important and the only statistically sig-
nificant result of the study following multiple com-
parison corrections is the link between the anxious
attachment style and decreased accuracy of angry
facial expression recognition established specifi-
cally in the depressed group. This association is of
special interest because of higher prevalence of the
anxious attachment style in depressed patients [11].
An additional correlation analysis demonstrated the
absence of a correlation between angry facial ex-
pression recognition and age (p = 0.1, which would
be a negligible association even if it became signif-
icant due to a larger sample [25]). The presence of
weak yet significant correlations with the rumina-
tion scores allows to suppose a role of a more global

cognitive style driven mostly by a reaction to social
stimuli embodied in the term “attachment”.

We found no published results on the relationship
between the attachment style and facial expression
recognition in depression. In social phobia, which is
a frequent condition in depression, individuals with
the anxious attachment style show faster reactions
to emotional stimuli than to neutral ones [26]. How-
ever, this result is unspecific to certain emotions and
most likely reflects increased emotional vulnerabili-
ty, a trait related to anxious attachment [6].

The data previously collected from healthy vol-
unteers of different age differ from ours to a large
extent. In an event-related potential study, the differ-
ences in the early (50—120 ms) signal components
during observation of aggressive and neutral facial
expressions were registered only in participants
with the avoidant attachment style [8]. In another
study, participants with secure and anxious styles
reacted more strongly to aggressive body language
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than to neutral one [9]. Anxiety which was associ-
ated with the anxious attachment style was unrelat-
ed to emotion recognition in photos demonstrated
subliminally and to corresponding shifts in the brain
activity [15].

In a study on priming effects, an avoidant but not
anxious attachment style was related to suppression
of reactions to angry and sad facial expressions [6].
In adolescents, the secure attachment style was as-
sociated with correct facial expression recognition
based on both the whole face and eye area alone
[27], which implies a deficit in the corresponding
ability in abnormal attachment styles, though with
no relation to a certain expression kind.

Thus, in healthy volunteers, reactions to angry
facial expressions are determined primarily by the
prevalence of the avoidant attachment style, while the
role of anxious attachment seems to be independent
of certain emotions. However, according to our data,
in depression, the anxious style interferes with correct
recognition of the angry facial expression. It is worth
noting that people with anxious attachment use social
interactions as a means to fulfil their need for the sub-
jective safety [6, 7], which is why ignoring aggres-
sive facial expressions is considered reasonable, for it
reduces social anxiety and may prevent conflicts. In
a naturalistic environment, healthy people also inter-
pret angry facial expressions as an aversive stimulus
[28]. However, it is possible that only with a combi-
nation of depression and anxious attachment the need
to avoid aggression becomes strong enough to justify
perceptual defense against this category of stimuli.

The core result of the study (a negative correla-
tion of the accuracy of angry facial expression rec-
ognition and anxious attachment score specific for
the depressed group) should be considered with re-
spect to the limited sample of our study. A bootstrap
of the correlation analysis involving 1,000 iterations
showed a 95% confidence interval for the correlation
coefficient in the group of depressed patients —0.86
<p <-0.27. A part of the confidence interval lies in
the area of insignificant correlations; however, the
entire interval is characterized by negative values.
The absolute magnitude of the correlation lies in
the range from weak to high / very high [25]. A
similar analysis in the group of healthy participants
revealed a confidence interval of —0.27 < p < 0.68.
The fact that the confidence intervals for this cor-
relation do not overlap may be a finding supporting

the association specificity.

A positive correlation between the anxious attach-
ment score and the accuracy of sad facial expression
recognition also contradicted the data in the group of
healthy volunteers. Anxious attachment was associ-
ated with a need for close relationships along with
a doubt in object accessibility that led to a greater
interest in emotional expression recognition [7].
Individuals with the anxious attachment style were
less likely to suppress their reactions to sad faces [6].
However, fMRI data suggested that people with this
attachment style demonstrated increased cerebral re-
sponses to happy and not to sad facial expressions
[7]. Responses to sad mimics and, probably, the ac-
curacy of sadness recognition may reflect readiness
to interact with a person who is experiencing emo-
tional discomfort and needs support [2].

Thus, the anxious attachment style in depression
shapes imperative social needs and requires greater
tolerance to a partner’s state and readiness to share
his or her discomfort. The core characteristics of the
sad emotion in depression may also have some in-
fluence, making the perception of others’ sadness a
less negative stimulus. The two core findings of the
study discussed above are in full compliance with
J. Gray’s motivational theory in its current edition
(see [29] for theory evolution and its current provi-
sions and [30] for its link with frontal cortical asym-
metry and a special role of anger). In the depressed
participants, this theory predicts a deficit in the be-
havioral activation system of the right hemisphere
which is responsible for actions aimed at fulfilling
person’s needs. On the contrary, the fight—flight—
freeze system (prevention of external threats) and
the behavioral inhibition system of the left hemi-
sphere (behavioral regulation in a motivational con-
flict) are expected to have increased activity.

Anxious attachment is related to a similar im-
balance with a focus on the behavioral inhibition
system, and the same is typical of proneness to ru-
mination. Observation of another person’s angry fa-
cial expression may cause either an angry response
or a reaction of fear and anxiety, or both. Thus,
any combination of the three motivational systems
within a single response is possible, which empha-
sizes individual differences and creates a favorable
environment for studying correlations between the
attachment style and the accuracy of facial expres-
sion recognition.
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Recognition of sadness which is characterized
by lesser involvement of the behavioral activation
system complies with the aforementioned depres-
sion features. However, full compliance of the data
with this model would require additional positive
correlations of the anxious attachment score with
the accuracy of recognizing disgust, fear, confu-
sion, and possibly surprise, and its negative correla-
tions with the correctness of recognizing happiness.
The influence of the insufficient sample size in this
case is questionable, for the magnitude of p in the
majority of mentioned correlations is close to zero,
while the direction of the relationship in confusion
is opposite to an expected one (p = —0.35). To test
a hypothesis that associations of the attachment
style and rumination scores with the accuracy of an-
gry and possibly sad facial expression recognition
demonstrate an individual case showing the influ-
ence of J. Gray’s systems on emotional variables,
further studies are required with larger samples and
inclusion of relevant scales to measure J. Gray’s
system activity in moderation analysis and in anal-
ysis of causal relationships between the variables as
regressors / factors.

Our data on the declining ability to detect emo-
tionsof happiness and confusion with age may be of
interest for the research on emotional intelligence
and empathy in healthy people. It is reflected in a ten-
dency to treat expressions that are hard to recognize
as happy ones. It may be explained by a decreased
interest in the emotional state of other people (sim-
ilar to the data on sadness in [2]). Our results are in
contrast with the previously published findings [31]
stating that recognition of facial expressions of fear
and anger worsens with age, while the accuracy of
recognizing happiness does not change.

CONCLUSION

The study allowed to obtain novel data on the
associations between the attachment style and the
accuracy of facial expression recognition by healthy
and slightly depressed people. In addition to previ-
ously published results on the predominant role of
avoidant attachment in the development of atypical
reactions to angry facial expressions in healthy par-
ticipants, a negative correlation between the prom-
inence of anxious attachment and the accuracy of
angry facial expression recognition, typical of de-
pression, was identified. The findings point at the

need to consider the attachment style as a factor in-
fluencing disruptions of emotional intelligence and
empathy in depression.
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Change in physical performance indicators of the progenies of rats
with experimental preeclampsia in early and late pharmacological correction
by GABA derivatives

Muzyko E.A., Perfilova V.N., Suvorin K.V., Tyurenkov I.N.

Volgograd State Medical University
1, Pavshikh Bortsov Sq., Volgograd, 400131, Russian Federation

ABSTRACT

The aim of the study was to assess the changes in physical performance parameters in the progeny of rats with
experimental preeclampsia (EP) undergoing early and late pharmacological treatment with gamma-aminobutyric
acid (GABA) derivatives.

Materials and methods. The experiments were carried out on the progeny of rats aged 3 (n = 358), 18 (n = 288),
and 25 (n = 138) months, born to white outbred female rats with EP modeled by replacing drinking water with 1.8%
sodium chloride from the 1st to 21st day of gestation. At the first stage, physical performance of 3- and 18-month-
old progeny of female rats with EP after early pharmacological treatment (from hte 40™ to hte 70" day of life) with
GABA derivatives, such as succicard (22 mg / kg), salifen (7.5 mg / kg), phenibut (25 mg / kg) and a comparator
drug, pantogam (50 mg) was studied. At the second stage, succicard (44 mg / kg), salifen (15 mg / kg), phenibut
(50 mg / kg) or pantogam (100 mg) had been intragastrically administered in the progeny of rats with EP for 30
days (from the 24" to the 25" month of life). The horizontal rope walking test (HRWT), Rotarod performance test,
and forced swim test with weight load (FSTwWL) were used in the study.

Results. The HRWT, Rotarod performance rest, and FSTWWL showed a decrease in muscle strength, coordination
and motor activity, and aerobic and anaerobic endurance in rats with EP aged 3, 18, and 25 months as compared to
the values in the animals born from intact rats. Succicard, a GABA-derivative, and pantogam, a comparator drug,
were effective both in early and late pharmacological interventions, whereas salifen and phenibut were effective
only when administered during puberty. As the offspring of EP rats were aging, their muscle strength, coordination,
and motor activity were decreasing, while their aerobic and anaerobic endurance was increasing.

Conclusion. Physical performance in the progeny of rats with induced EP aged 3, 18, and 25 months tended to
decrease. Pharmacological treatment with GABA derivatives in the adolescent period attenuated EP consequences.
When administered during puberty, only succicard and the comparator drug pantogam, had a therapeutic effect. This
fact provides evidence that a succicard-based drug can be developed for preventive management of preeclampsia
consequences.

Key words: experimental preeclampsia, the progeny of rats, GABA derivatives, physical performance.
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MokasaTtenun pusmyeckoit paboTocnocobHOCTU y MOTOMCTBA KPbIC
C 9KCNEePMMEHTA/IbHOM NMPe3KAamMIcuen Npu paHHeun u nosgHeu
dbapmako/ornueckom Koppekuum npoussogHoimu FAMK

Mysbiko E.A., Mepdpunosa B.H., CysopuH K.B., TiopeHkosB U.H.

Boneoepadckuii cocyoapcmeennwiii meduyurckuil yrusepcumem (Borel MY)
Poccus, 400131, 2. Boneoepad, nnowaos Ilaswux bopyos, 1

PE3IOME

Ienb uccnenoBaHus — OLIEHUTh U3MEHEHHMS IOKa3aTenei (pu3ndeckoil paboToCHOCOOHOCTH y MOTOMCTBA KPBIC
C DKCIepUMeHTaIbHOM npesknammcueit (JI1) npu panHel U mo3aHel (hapMaKoIOTHUECKON KOPPEKINH IPOH3BO-

JIHBIMU TaMMa-aMuHOMacisiHoN kucinoTsl (TAMK).

Marepuajbl 1 MeTOAbI. DKCIICPUMEHTHI BHIITOJTHEHBI HA TIOTOMCTBE B Bo3pacte 3 mec (n = 358), 18 (n = 288) u
25 mec (n = 138), poskaeHHOM OeNBIMU OECIIOPOIHBIMU CAMKAMH KPBIC ¢ (PM3HOIOTMYECKON OEpeMEHHOCTBIO U
OIl, MmonenupoBaHHON 3aMeHON NUThEBOH Bkl 1,8%-M pacTBOpoM HaTpus xjopuja ¢ 1-x no 21-e cyT recranuu.
Ha nepBom stamne usydanu Gu3HIecKyto paboTocrocoOHOCTh 3- M 18-MecsigHOTo MOTOMCTBA caMOK Kpbic ¢ OI1
nociie panHe# papmaxonorndeckoit koppekiun (¢ 40-x mo 70-e cyt xun3Hu) nponssogasiMu 'AMK cykunkapmzom
(22 wr/xr), camudenom (7,5 mr/kr), ¢perndyrom (25 MI/kr) u mpemnapatoM cpaBHeHHs mantoramom (50 wmr).
Ha BTOpOM 3Tame moToMcTBY, pokaecHHOMY kpbicamu ¢ OII, B Teuenue 30 cyt (¢ 24-ro mo 25-it Mec KU3HH)
BBOJWJIM B JKETyIOK cyKiukapn (44 mr/kr), camuder (15 mr/kr), eandyt (50 mr/kr) wmm nantoram (100 wmr).
B nccnenoBaHny UCIIONB30BaIN TECTH «Y AepXKaHHE Tella Ha TOPH30HTAIbHOM BepeBoYHOM KaHate» (Y Tual BK),

«Porapon» u «BeinyxneHHoe miaBanue ¢ rpyzom» (BIlcl').

PesyabTathl. YV motomctBa camok kpeic ¢ OII B Bospacte 3, 18 m 25 Mec yMEHBIIMINCH MBIIIEYHAs CHIIA,
KOOPAMHAIIOHHO-/[BUTaTeNIbHAsl AKTUBHOCTh M adpoOHO-aHA’poOHas BBHIHOCIMBOCTE B Tecrtax YTHal'BK,
«Porapon» m BllcI' mo cpaBHEHHIO C IOKa3aTeNsIMH y JKUBOTHBIX, DPOXJICHHBIX HHTAKTHBIMH KPBICAMH.
[pomsBogroe TAMK cyknukapa u npenapat cpaBHeHus: «IlanToram» Obi 3 HEeKTHBHBI KaK NP paHHEH, Tak
U IIpY MO3IHEH (hapMaKoIOrHIecKoi KOppeKnuy, canudeH u GpeHndyT — TONBKO IPH BBEACHHU B IIyOepTaTHOM
nepuoje. C BO3pacToM y MOTOMCTBA KpbIc ¢ DII CHmKaIMCh MBIIICYHAs! CHIa M KOOPIHHAIMOHHO-ABUTATENbHAS

AaKTHUBHOCTbH, HO a3p06H0-aHa3p06Haﬂ BbIHOCJIMBOCTb YBCINYINBAJIACh.

3akiiroyeHne. Y TOTOMCTBa KpbIc, moasepruyTeix OII, B Bo3pacte 3, 18 u 25 mec yxynmanack (uzndeckas
paborocmocobHOCTh. Dapmakosornueckass Koppekius mnpousBogHbiMu [TAMK B amonecueHTHOM mepuoje
ocnabnsna nocneactsust JI1. [Ipu BBeneHun BeuiecTB B MyOepTaTHOM Mepuojie jJedeOHoe NeicTBUE OKa3bIBAIU
TOJIBKO CYKLHMKapJ U mpenapar cpaBHeHus «[lantoram». OTo mpeanosaraeT BO3MOXKHOCTb CO3JJaHHsl HA OCHOBE

CYKI[MKap/a Ipernapara Jisl IPeBEeHTUBHOI KOPPEKINH MOCIECTBHI NPE3KIaMIICHH.

KamoueBbie cioBa: OKCIICPUMEHTAJIbHAA MPEIKIAMIICUSA, ITOTOMCTBO KPBIC, ITPOU3BOIHBIC FAMK, (I)I/BI/I‘IGCKEUI

paboTocrmocoOHOCTb.

KOHq).]'Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIbHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
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Change in physical performance indicators of the progenies of rats

INTRODUCTION

Preeclampsia is a severe pregnancy-related
multisystem pathology, which increases the risk
of development unfavourable consequences in
the offspring both at early stages of life and in the
long-term perspective. Impaired formation of the
fetoplacental complex and endothelial dysfunction
typical of preeclampsia contribute to circulatory de-
terioration in the “mother-placenta-fetus system”,
which results in the insufficient nutrient delivery to
the fetus and development of chronic hypoxia [1].
At the critical stages of prenatal development, pre-
eclampsia is associated with pathological changes
in the embryo’s organs and tissues. The progeny
born to mothers with this pregnancy complication
show physical developmental delays, higher risks
of disease development in a long-term perspective
and decreased physical performance [2].

To date, no medications with proved efficacy in
correcting post-hypoxic disorders occurring at dif-
ferent ontogenesis stages in children delivered by
women with preeclampsia, have been developed,
nor have strategies of treating the complications of
this severe pathology been designed. The search for
safe and effective agents to manage the complica-
tions of preeclampsia is high on the agenda of pedi-
atric and therapeutic practice.

Earlier studies have demonstrated that the de-
rivatives of gamma-aminobutyric acid (GABA)
have an endothelium-, neuro-, and cardioprotective
action, demonstrate antihypoxic and antioxidant
effects, and enhance the physical work capacity in
rats [3—5]. These findings suggest that GABA de-
rivatives can be used to manage the preeclampsia
consequences in the offspring.

The aim of the study was to assess the physical
performance parameters in the progeny of rats with
experimental preeclampsia (EP) undergoing early
(from the 40™ to the 70™ day of life) and late (from
the 24™ to the 25™ month of life) pharmacological
treatment with GABA derivatives, such as succi-
card, salifen, phenibut, and the comparator drug
pantogam.

MATERIALS AND METHODS

The experiments were conducted on the offspring
of white outbred rats with physiological pregnancy
and EP modeled by replacing drinking water with
1.8% sodium chloride from the 1% to 21* days of

gestation at the age of 3 (n = 358), 18 (n = 288),
and 25 (n = 138) months [3]. The animals were ob-
tained from the Rappolovo Breeding Station (Len-
ingrad Region, Russia). The animals were kept and
cared for in the vivarium of Volgograd State Medi-
cal University in accordance with the Principles of
the Good Laboratory Practice of the National Stan-
dard of the Russian Federation GOST P-33044-
2014, and the international guidelines of the Euro-
pean Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific
Purposes (The European Convention, 1986). The
study also complied with the provisions of the Or-
der of the Ministry of Health of RF No. 199n of
01.04.2016 “On Approving Laboratory Practice
Regulations” and the directive 2010/63/EU pro-
viding the European Union legislation for the Pro-
tection of Animals Used for Scientific Purposes of
22.09.2010. The protocol of the experimental study
was approved by Research Ethics Review Board
of Volgograd region (Protocol No. 2044-2017 of
25.12.2017).

The animals received GABA derivatives, such as
succicard (the composition of 4-phenylpiracetam and
succinic acid in the ratio 2:1), phenibut (y-amino-
B-phenylbutyric acid) and salifen (the composition of
phenibutr and salicylic acid in the ratio 2:1 ratio). All
the substances were synthesized at the Department
of Organic Chemistry of Herzen State Pedagogical
University. Pantogam served as a comparator drug
(hopantenic acid, PIK-PHARMA PRO LTD, Russia;
syrup, 100 mg / ml).

The rats’ offspring were separated from their
mothers on the 39" day after birth. The study in-
volved two stages. At the first stage, the animals
were divided into groups: 1, 2 — positive controls —
male rats (n = 30) and female rats (n = 29) deliv-
ered by healthy rats and receiving distilled water;
3, 4 — negative controls — male rats (n = 30) and
female rats (n = 30) delivered by the rats with EP
and receiving distilled water; 5, 6, 7, 8, 9, 10, 11,
12 — experimental groups — male and female rats
(30 animals of each gender) delivered by the rats
with EP and receiving the following GABA deriva-
tives: succicard at a dose of 22 mg / kg, phenibut at
a dose of 25 mg / kg, salifen at a dose of 7.5 mg / kg
or pantogam at a dose of 50 mg / kg. GABA deri-
vatives, pantogam, and distilled water were admi-
nistered intragastrically once a day the from 40™ to

100 Bulletin of Siberian Medicine. 2021; 20 (1): 98-104



Original articles

the 70" day of life. The dosage of the agents cor-
responded to half doses administered in adult rats.
These doses of the substances demonstrated the
highest pharmacological activity in earlier experi-
ments [3, 4]. Physical performance was explored in
rat pups aged 3 months using the horizontal rope
walking test (HRWT), when the rats were suspen-
ded on a taut horizontal rope grasping it with their
forepaws [6], Rotarod performance test [6], and
forced swim test with weight load (FSTwWWL) [7].
The same tests were employed to study 18-month-
old male and female rats from the positive control
groups (n =25 and n = 23), negative control groups
(n = 28 and n = 25), and experimental groups 5
(n=24),6(n=27),7 (n=20),8(n=21),9 (n=23),
10 (n=24), 11 (n =24), and 12 (n = 24).

At the second stage, distilled water was intragas-
trically administered in male and female rats from
the groups of positive (n = 11 and n = 11) and ne-
gative control (n = 15 and n = 12). At the same time,
males and females in the experimental groups 5
(n=16) and 6 (n = 9) received succicard at a dose
of 44 mg / kg, rats from the experimental groups 7
(n=11); and 8 (n = 14) received salifen at a dose
of 15 mg / kg, animals from the groups 9 (n = 14);
and 10 (n = 12) received phenibut at a dose of
50 mg / kg; and groups 11 (n=7) and 12 (n = 6) re-
ceived pantogam at a dose of 100 mg. The HRWT,
Rotarod performance test, and FSTWWL were used
to assess physical performance of the rats at the age
of 25 months. The agents were administered at dos-
es which were effective for adult rats [3, 4].

The findings were statistically processed bu
STATISTICA v.12.5 software, license number 133-
190-095 (StatSoft Inc., USA), using the Mann —
Whitney U test, Student’s t-test to compare paired

samples, Newman — Keuls test, Kruskal — Wallis
test with Dunnett’s test for multiple comparisons,
and Shapiro — Wilk test to assess the samples for
normality of distribution. The differences were con-
sidered statistically significant at p < 0.05. The data
are presented in the form M £+ m, where M is the
mean and m is the error of the mean.

RESULTS

The execution time of HRWT, Rotarod perfor-
mance test, and FST-wWL in the negative con-
trol offspring aged 3, 18, and 25 months was sig-
nificantly shorter than in the animals delivered by
healthy rats. This finding suggests decreased mus-
cle strength, lower balance and motor coordination
capacities, and reduced aerobic and anaerobic en-
durance both at early and late stages of ontogenesis
(Table 1, Table 2, Figure).

When executing the HRWT test, 3-month-old
offspring receiving GABA derivatives and the com-
parator drug pantogam, demonstrated a significant-
ly longer time of hanging on a horizontal rope than
the rats from the negative control group. At the age
of 18 months, the suspension time increased in the
male rats receiving succicard and pantogam and
female rats receiving salifen and phenibut. At the
age of 25 months, the male rats, to whom succicard,
phenibut, and pantogam were administered, tended
to hang on a horizontal rope longer. The test exe-
cution time for the offspring of all groups aged 18
and 25 months was significantly shorter than in the
3-month-old animals. 25-month-old rats showed a
shorter suspension time as compared to 18-month-
old-rats. This tendency was observed in the male
and female rats delivered by rats with EP and fe-
males receiving salifen and phenibut (table 1).

Table 1

Dynamics of the muscle strength changes in the offspring of rats with experimental preeclampsia undergoing early and late
pharmacological treatment with GABA derivatives (M + m) during the horizontal rope test

Groups of animals Gender of rats Test excoution time, §
3 months 18 months 25 months

Positive control Males 50.27 + 1.58 10.08 +0.83 & 7.60+ 091 &

Females 62.03 + 1.80 6.83+0.73 & 6.82+0.87 &
Negative control Males 2731+1.61* 6.46 = 0.64 $& 3.80+0.31 $&>

Females 37.07+1.99 * 6.33+£045 & 4.50+0.31 *&<
Progeny of rats with experimental preeclampsia Males 42.07 £ 1.66 # 8.50 = 0.69 #& 8.33+£0.62 &
receiving succicard Females 57.09+1.77 # 7.19+£0.53 & 6.43+0.53 &
Progeny of rats with experimental preeclampsia Males 4131 +£135# 6.25+0.69 & 5.55+£0.55&
receiving salifen Females 56.37+1.62 # 11.57 £ 0.85 #& 5.71 £ 0.60 &<
Progeny of rats with experimental preeclampsia Males 43.55+1.19 # 6.39+0.61 & 6.38+£0.43 "&
receiving phenibut Females 5213+ 1.55# 9.61 £0.74 #& 6.00 £ 0.51 &<
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Table 1 (continued)

Test tion ti
Groups of animals Gender of rats est execution time, s
3 months 18 months 25 months
Progeny of rats with experimental preeclampsia Males 3448 +1.60 # 8.54 £ 0.68 #& 6.57+0.75 "&
receiving pantogam Females 513841494 6964048 @ 80458

Note. The differences are statistically significant (p < 0.05) compared with the positive control group: $ — by the Mann — Whitney test, * — by the
Student’s t-test; compared with the negative control group: ~ — by the Kruskal — Wallis test with the Dunnett’s (post hoc) test, # — by the Newman
— Keuls test; compared to offspring at the age of 3 months: @ — by the Mann — Whitney test, & — by the Student’s t-test; compared with offspring
at the age of 18 months: > — by the Mann — Whitney test, < — by the Student’s t-test.

The assessment of balance and coordination ca-
pacities by the Rotarod performance test demon-
strated that 3-month-old male rats receiving salifen
and phenibut stayed on the rotating rod significantly
longer than the negative control animals. At the age

to stay longer; at the age of 25 months, the length
of time the animals stayed on the rod increased in
males receiving succicard and pantogam and fe-
males receiving succicard.

The test execution time in the offspring aged 18

of 18 months, males receiving succicard, salifen, and and 25 months was shorter than in 3-month-old rats

pantogam and females receiving pantogam managed (Figure).
140 Males 140 Females
120 # 120
(2]
& 100 100
£ 80 it 80
S 60 B 60
= A B @
= A
3 40 = oal @ 40
& 20 5 \Eﬁ @ <A@t @@CZ)>(§‘) 20
= FEe L S@
0 0

25 months

Fig. 1. Dynamics of the coordination and motor activity changes in the offspring of rats with experimental preeclampsia undergoing
early and late pharmacological treatment with GABA derivatives (M = m) during the Rotarod performance test:

25 months

18 months 3 months 18 months

3 months

the differences are statistically significant (p < 0.05) compared with the positive control group: $§ — by the Mann — Whitney test,

* — by the Student’s t-test; compared with the negative control group: ~ — by the Kruskal — Wallis test with the Dunnett’s (post

hoc) test, # — by the Newman — Keuls test; compared with offspring at the age of 3 months: @ — by the Mann — Whitney test,
& — by the Student’s t-test; compared with offspring at the age of 18 months: > — by the Mann — Whitney test

When undergoing the FSTWWL test, 3-month-
old males rats receiving succicard, salifen, and
pantogam, alongside the females receiving suc-
cicard, salifen, and phenibut were able to swim
much longer compared to the animals of the neg-
ative control group. At the age of 18 months, the
time of swimming increased in males receiving all
the GABA derivatives under study and pantogam,
as well as in females receiving salifen; at the age

of 25 months, the time of swimming was longer
in females receiving succicard and pantogam. In
all groups of rats aged 18 and 25 months, the test
execution time increased as compared to 3-month-
old offspring.

The swimming time of rats aged 25 months
showed a statistically significant decrease only in
negative control females receiving salifen com-
pared to 18-month-old rats (Table 2).

Table 2

Dynamics of aerobic-anaerobic endurance changes in the offspring of rats with experimental preeclampsia undergoing early
and late pharmacological treatment with GABA derivatives (M + m) during the forced swim test with weight load

Test execution time, s

Gender of rats

Groups of animals
3 months 18 months 25 months
. Males 129.72 + 2.97 155.88 + 8.56 & 166.50 = 7.20 @
Positive control
Females 153.38 + 3.78 189.61 + 1148 & 193.56 £ 9.30 &
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Table 2 (continued)

. Test execution time, s
Groups of animals Gender of rats 3 monihs T8 months 35 monihs

Negative control Males 9223 + 2.78§ 125.74 £ 5.02* & 134.53 + 4.95 *&

Females 99.67 + 2.79 * 148.71 + 4.17* & 116.67 + 4.90 *&<
Progeny of rats with experimental Males 108.52 £ 341" 14571 £ 5.77# & 15447 £ 640 &
preeclampsia receiving succicard Females 111.93 + 298 # 16633 + 948 & 173.00 £ 12.08 #&
Progeny of rats with experimental Males 127.40 £ 7.78 150.05 + 8.58 # 147.40 + 8.83
preeclampsia receiving salifen Females 124.10 £ 5.26 # 184.38 + 8.88#& 148.42 + 8.28 &<
Progeny of rats with experimental Males 99.28 + 3.26 164.96 + 6.81 #& 155.50 = 6.28 &
preeclampsia receiving phenibut Females 121.53 + 3.23 # 161.74 + 9.66 @ 153.92 + 9.07 &
Progeny of rats with experimental Males 109.84 + 3.24 156.08 + 8.30 #& 13571 £ 797 &
preeclampsia receiving pantogam Females 99.38 + 2.32 16943 £ 9.52 & 17420 + 11.06 #&

Note. All symbols are similar to those in Figure, except: & — the differences are statistically significant (p < 0.05) by the Student’s t-test compared
with offspring at the age of 3 months, < — the differences are statistically significant by the Student’s t-test compared with offspring at the age of

18 months.

DISCUSSION

Preeclampsia results in impaired nutrient and ox-
ygen delivery to the developing embryo. Metabolic
changes are associated with acidosis and oxidative
stress, which contribute to the damage of cell struc-
tures and organ and tissue enzymes and may lead to
their dysfunction in the postnatal ontogenesis [2].
These factors increase the likelihood of the deve-
lopment of nervous, cardiovascular, respiratory,
and other pathologies [8—11] with decreased physi-
cal performance at different life stages.

The findings of the conducted experiments have
demonstrated that the physical work capacity of the
progeny of rats with EP is lower compared to the
animals delivered by healthy rats both at early sta-
ges (3 months) and later stages (18 and 25 months)
of ontogenesis. This was proved by the differences
in the execution time of the HRWT, Rotarod perfor-
mance test, and FSTwWL.

As is known, GABA derivatives have a positive
effect on the physical performance parameters and
adaptability to physical exertion and increase the
physical endurance of rats performing forced dy-
namic and static activities [5].

In our experiments, early (from the 40" to the 70™
day of life) and late (from the 24" to the 25" month
of life) pharmacological treatment with succicard,
a GABA derivative, resulted in enhanced muscle
strength, coordination and motor activity, aerobic
and anaerobic endurance as demonstrated by the
HRWT, Rotarod performance test, and FSTWWL in
3-, 18- and 25-month-old progeny, respectively, as
opposed to the values in the negative control group.
Muscle strength and aerobic and anaerobic endu-

rance were significantly higher in 3- and 18-month-
old rats which received salifen and phenibut from
the 40" to 70" day of life than in the animals deli-
vered by female rats with EP. Late pharmacological
treatment with these GABA derivatives did not have
a significant effect on the physical performance of
rats with EP. The effect of pantogam, the compara-
tor drug, was similar to that of succicard.

Therefore, succicard and the comparator drug
pantogam were effective both in early (from the 40™
to the 70™ day of life) and late (from the 24™ to 25
month of life) pharmacological correction, salifen
and phenibut were effective only when adminis-
tered in the puberty period.

The therapeutic effect of GABA derivatives is con-
ditioned by their polytropic pharmacological action.
The agents of this group have endothelium-, neuro-,
and cardioprotective, as well as antihypoxic and an-
tioxidant effects [3, 4]. Moreover, GABA derivatives
have an impact on glucose transport and utilization,
increase ATP synthesis in hypoxia, help to overcome
energy deficit in cells, and regulate muscle contrac-
tions [5, 12]. All these factors contribute to a rise in
physical work capacity in the progeny of rats with EP.

In aging rats, there was a decrease in muscle
strength, coordination, and motor activity, whereas
their aerobic and anaerobic endurance increased. It
is likely that the values obtained during the FST-
wWL test were influenced by the fact that it was
executed at the age of 6 and 12 months, which could
be practice for rats [13].

Physical performance was significantly lower
in 25- and 18-month-old negative control animals
and rats receiving salifen and phenibut. This finding
demonstrates the negative effect of EP on muscle
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strength, balance and coordination capacities, and
aerobic and anaerobic endurance and proves the in-
efficacy of late (from the 24" to 25" month of life)
pharmacological correction of EP consequences us-
ing salifen and phenibut.

CONCLUSION

The physical performance of 3-, 18-, and
25-month-old animals delivered by rats with EP is
decreased as compared to the progeny of healthy
females. GABA derivatives, such as succicard, sa-
lifen and phenibut, reduce the negative impact of
EP on the offspring undergoing early (from the 40™
to the 70™ day of life) pharmacological correction.
This fact provides evidence that a succicard-based
drug can be developed for preventive treatment of
preeclampsia consequences in the progeny.
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Prevalence of chronic bronchitis against a background of abdominal obesity
in young people aged 25-44 in Novosibirsk

Ragino Yu.l., Kurtukov E.A., Denisova D.V., Polonskaya Ya.V., Shcherbakova L.V.

Research Institute of Internal and Preventive Medicine, Branch of the Institute of Cytology and Genetics,
Siberian Branch of the Russian Academy of Sciences (IIPM — Branch of IC&G SB RAS)
175/1, Boris Bogatkov Str., Novosibirsk, 630089, Russian Federation

ABSTRACT

Aim. To study the prevalence of chronic bronchitis (CB) against the background of abdominal obesity (AO) in
young people aged 25-44 in Novosibirsk.

Materials and methods. A simultaneous population survey of 25—44 year-olds in Novosibirsk was carried out.
The study included 906 people (414 men and 492 women). AO was registered with a waist circumference of more
than 94 ¢cm in men and more than 80 cm in women. CB was detected according to standardized epidemiological
(questionnaire, pulmonary questionnaire) and functional (spirometry) criteria.

Results. The prevalence of AO and CB in the population was 42.9% and 8.7%, respectively; in men — 43.2% and
7.7%; in women — 42.7% and 9.6%. The prevalence of CB against the background of AO in the population was 1.95
times higher (p = 0.003) compared with individuals with CB without AO (OR =2.08 [CI 1.302-3.333]). In women,
the prevalence of CB against the background of AO was 2.15 times higher (p = 0.005) compared with women with
CB without AO (OR =2.35 [CI 1.267-4.359]). The prevalence of CB in smokers in the population was 1.65 times
higher (p = 0.015) compared with non-smokers (OR = 1.72 [CI 1.081-2.739]). In male smokers, the prevalence
of CB was 2.02 times higher (p = 0.031) compared with non-smoking men (OR = 2.15 [CI 1.020-4.514]). The
multiple logistic regression analysis showed that in people aged 25-44, the presence of CB is associated with
smoking [Exp(B) = 1.966, p = 0.006] and the presence of AO [Exp(B) =2.091, p = 0.003].

Conclusion. Significant effects of AO and smoking on the development of CB in the population of 25-44 year-olds
on the whole were revealed. At the same time, in men aged 2544, the relative risk of developing CB is significantly
affected by smoking, and in women aged 25-44, by the presence of AO.

Key words: prevalence, abdominal obesity, chronic bronchitis, population aged 25-44, smoking.
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PacnpocTpaHeHHOCTb XpOHU4YecKoro 6poHxuta Ha poHe abgoMMHa/ILHOTO

OKUPEHUA y MO0AbIX Ntoaen 25-44 net r. HoBocnbupcka

ParuHo 10.U., KypTykos E.A., leHucoBa [1.B., MonoHckan A.B., LLlep6akosa J1.B.

Hayuno-uccneoosamenvcruil uncmumym mepanuu u npoguiaxmuyeckoi meduyunsl — gunuan Pedepanvioco
uccnedosamenvcko2o yenmpa «Mucmumym yumonoeuu u ecenemuxu Cubupckozo omoenenus Poccuiickoil akademuu

nayxy (HUUTIIM — ¢unuan UlJul” CO PAH)
Poccus, 630089, 2. Hosocubupck, yi. bopuca boeamxosa, 175/1

PE3IOME

Heas nccnenoBanns — U3yYUTh PaclpOCTPaHEHHOCTs XpoHuUeckoro oponxura (Xb) Ha done abpomMuHAIEHOTO
oxupenns (AO) y Mmonozpix mozeit 25—44 ner r. Hoocubupcka.

Marepuajbl 1 MeToabl. [IpoBeeHO OJHOMOMEHTHOE IOINYJSIIMOHHOE O0CienoBaHue HaceneHus 25-44 ner
r. HoBocubupcka. B uccnenoBanue BkitoueHs! 414 My>xunH 1 492 xeHmuHbl. AO perucTpupoBaliu IpU OKPYKHO-
cTH Taiuu 6osee 94 cMm y myxurH u 6oee 80 cm — y xxeHumH. Xb perncTprupoBany corinacHo CTaHAapTH30BaHHBIM
SMUAEMHOJIOTUYECKAM  (ONPOCHHK, ITyJbMOHOJOTHYECKAsi aHKeTa) W (YHKIHOHAIBHBIM (CIIUPOMETpPHS)
KPUTEPHUSIM.

PesyabTartsl. Pacnpoctpanennocts AO u Xb B momysiunuu 42,9 u 8,7% COOTBETCTBEHHO; y MYXuuH — 43,2 u
7,7%; y xenmuH — 42,7 u 9,6%. Pactipoctpanennocts Xb Ha ¢one AO B momyssinuu B 1,95 pasa Beime (p =
0,003) B cpaBrenuu ¢ aunamu ¢ Xb 6e3 AO (OR = 2,08 [CI 1,302-3,333]). V sxeHmuH pacupocTpaHeHHOCTs Xb
Ha pone AO B 2,15 pasa seimte (p = 0,005) B cpaBHeHnu ¢ sxeHmuHamu ¢ Xb 6e3 AO (OR =2,35 [CI 1,267-4,359]).
Pacmipoctpanennocts Xb y Kypsmux B nomynsuuu B 1,65 pasa Beime (p = 0,015) B cpaBHeHHN ¢ HEKypsIIH-
mu munamu (OR = 1,72 [CI 1,081-2,739]). V kypsimmx MyxXduH pacrnpocrpaHeHHocTs Xb B 2,02 pa3a Beimre
(» = 0,031) B cpaBHeHmum c Hekypsmumu MyxunHamu (OR = 2,15 [CI 1,020-4,514]). IlpoBeneHHsri
MHOTO()aKTOPHBIN JTOTUCTHYECKUH PErpeCCHOHHBIN aHaIN3 MOKa3all, 4To y mroaei 25-44 ner Hammune Xb acco-
urpoBaHo ¢ KypeHueM [Exp(B) = 1,966; p = 0,006] u vammauem AO [Exp(B) =2,091; p = 0,003].

3axumiouenue. BeisiBnens! 3HaunMble BiusHAS AO 1 KypeHus Ha pa3Butue Xb B momynsamuu 25-44 net B 1enom.
B T0 xe Bpems y My>kurH 25—44 et Ha OTHOCHTENBHBII pHUCK pa3BuTHs Xb 3HAYNMO BIUSET CTaTyC KypeHUs, a y
KeHIIMH 25—44 et — Hanuune AQO.

KoroueBble ciioBa: pacrnpocTpaHEeHHOCTb, a0IOMUHAIIBHOE O)KUPEHUE, XPOHUUECKUI OPOHXHT, MOMyJIsius 25—
44 net, KypeHue.

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HACTOSIIEH CTaThH.

Uctounnk ¢puHaHcupoBaHus. PaboTa BBITIONIHEHA B paMKaxX OFO/PKETHO TeMBbI M0 FOCYAapCTBEHHOMY 3a/IaHUI0
Ne AAAA-A17-117112850280-2 n B pamMkax OHODKETHOM TEMBI MO MOIJICPIKKE OHOPECYPCHBIX KOJUICKIHMH 1O
rocyaapcTBeHHOMY 3afgaHuto Ne 0324-2017-0048.

CootBercTBHe MpUHOHMNAM 3THKH. OT BceX JIMI IOJIydeHO MH(GOPMHUPOBAHHOE COTJIacHe Ha 00CIe0BaHHe U
00paboTKy MepCOHANBHBIX TaHHEBIX. MccnenoBanue ono0peno stinueckuM komureroM HUUTIIM — dpunmuan Uul*
CO PAH (mpotoxoin Ne 10 ot 21.01.2014).

Jas uutupoBanus: Paruno 10.U., Kyprykos E.A., [lenucoa /1.B., [Tononckas f1.B., Illep6akosa JI.B. Pacnpo-
CTPAaHEHHOCTh XPOHUYECKOro OpOHXUTA Ha (poHE aOJOMHHANIBHOTO OXKHMPEHUS Y MOJIOJBIX Jrojeil 2544 ner r.
HoBocubupcka. brwoanemens cubupckoii meouyunvt. 2021; 20 (1): 105-111. https://doi.org: 10.20538/1682-0363-
2021-1-105-111.

INTRODUCTION

Prevalence of chronic bronchitis against a background of abdominal obesity

The prevalence of chronic bronchitis (CB) is
high; therefore, the diagnosis and prevention of this
pathology are some of the most pressing problems
in pulmonology and the internal medicine. Ac-
cording to the official statistics of the Ministry of

Health of the Russian Federation, the prevalence of
“chronic and unspecified bronchitis and emphyse-
ma” is very high and in 2015 amounted to 1.5% in
the adult population [1].

In the epidemiological part of the GARD study
(Global Alliance Against Chronic Respiratory
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Diseases), conducted in Russia, it was shown that
coughing for 3 months was observed by 18.9%
of respondents, coughing up mucus for at least 3
months was reported by 12.7% of patients, and the
clinical picture corresponding to the diagnosis that
of CB (the presence of two features at once) was
present in 8.6% of participants (95% CI 7.9-9.3).
It is important that 22.2% of the survey participants
indicated a history of CB diagnosis (95% CI 21.2—
23.2), which, according to the authors of the study,
significantly exceeds the official statistics [2].

The prevalence of obesity, including abdomi-
nal obesity (AO), is also high [3, 4]. According to
the ECVD-RF (Epidemiology of Cardiovascular
Diseases in the regions of the Russian Federation)
epidemiological study, the prevalence of AO in the
Russian Federation in people aged 25-64 is 55%
(61.8% among women and 44% among men), in-
creasing with age both among men and women (p
<0.0001) [5].

In recent years, many studies have been conduct-
ed on the effect of AO on the development of cardio-
vascular and endocrine pathologies. Several studies
have also been conducted on the associations be-
tween the development of CB and metabolic syn-
drome (MS). The clinical and functional features of
the combined course of CB and AO are described,
which, according to the authors, is a predictor of the
development of chronic obstructive pulmonary di-
sease (COPD) not only in smokers, but also in people
who have never smoked [6]. It has been shown that
for people with an increased waist circumference,
the risk of developing COPD is 72% higher than for
those who have a normal waist circumference [7].

The significant role of smoking in CB develop-
ment is known and unconditional [8]. On the other
hand, chronic inflammation plays an important role
in the formation of the whole complex of patho-
logical changes in CB. Abdominal obesity is also a
pro-inflammatory condition that increases the risk
of chronic diseases [9]. Adipose abdominal tissue
produces a large number of cytokines and bioactive
mediators, thus causing a proinflammatory state in
people suffering from AO, which is also associated
with an increased risk of developing bronchopul-
monary pathology [10, 11].

Most studies in this area have been conducted
with examination of persons older than 45 years. It
seems relevant and in high demand to study the as-

sociations of abdominal obesity with CB in young
people of working and child-bearing age. It is also
relevant to obtain new data on the associations of
abdominal obesity AO with CB in individuals li-
ving in Siberia, i.e. in extreme continental climate,
where, according to international epidemiological
studies, there is a high prevalence of risk factors
for chronic noncommunicable diseases [12]. There-
fore, the aim of the present research was to study the
prevalence of CB against the background of AO in
young people aged 25-44 in Novosibirsk.

MATERIALS AND METHODS

On the basis of IIPM — Branch of IC&G SB RAS,
in 2013-2016, a simultaneous population screening
was conducted for the population of 25-44 years
old in the Oktyabrsky district of Novosibirsk (a ty-
pical district of the city) within the framework of
the budgetary theme No. 0541-2014-0004 “Moni-
toring the health status and prevalence of risk fac-
tors for therapeutic diseases, their prognosis, and
prevention in Siberia”. The study was approved by
the Ethics Committee of [IPM — Branch of IC&G
SB RAS (Protocol No. 10 0f 21.01.2014).

To select the sample, the base of the Territorial
Fund of Compulsory Health Insurance in the No-
vosibirsk Region was used. The study included 906
people (average age of 36.5 + 5.8 years), including
414 men (average age of 36.3 &+ 5.8 years) and 492
women (average age of 36.7 £ 5.8 years). There were
no age differences between the groups examined. In-
formed consent was obtained from all persons for
examination and processing of personal data.

To identify abdominal obesity (AO), the criteria
of the Russian Society of Cardiology (RSC, 2009),
waist circumference (OT), were used. A waist cir-
cumference of more than 80 cm in women and more
than 94 cm in men was considered positive for AO.

To detect respiratory symptoms, the WHO Respi-
ratory Disease Questionnaire and the ECRHS (Euro-
pean Community Respiratory Health Survey) were
used. According to the presence of cough in each year
for 3 months or more (chronic cough), the respon-
dents were divided into groups: 0 —no, 1 — yes. When
studying the anamnesis, the answers to the question
“Have you ever been told by a doctor that you have:
1 — chronic bronchitis, 2 — bronchial asthma, 3 —
bronchiectasis, 4 — pneumosclerosis, 5 — pulmonary
emphysema, 6 — COPD?” were taken into account.
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The study of the external respiration function
(ERF) by spirometry was carried out according to
the recommendations for performing spirometry on
the SpiroUSB Micro Medical Limited apparatus.
Spirometry results were recorded and processed by
the Spida 5 computer diagnostic program. Spirom-
etry findings were interpreted based on the 2017
international recommendations ‘“Spirometry for
health care providers. Global Initiative for Chronic
Obstructive Lung Disease (GOLD)”.

Statistical processing of the results was per-
formed using the SPSS package (v.17.0), including
the creation of a database and statistical analysis.
The data obtained in tables and text are presented
for categorical (nominal) indicators as absolute and
relative values — n (%). For quantitative variables,
a normality test was carried out using the Kolmog-
orov — Smirnov test, the results are presented as the
median and interquartile range — Me [25%; 75%],
as well as (M + SD), where M is the arithmetic
mean value, SD is the standard deviation. Feature
associations were evaluated using linear regression
analysis. The fractional difference in features was
calculated using the Pearson’s y* test. Differences
were considered statistically significant at p < 0.05.

RESULTS

In the population, the waist circumference was
85[75.9; 96] cm. In men it was 1.18 times more (p
=0.0001) than in women (92 [84; 100] cm and 78
[71; 87] cm, respectively). The prevalence of AO in
the population of 25-44 year-olds was 42.9%; it did
not differ between men and women (Table 1).

Table 1

Prevalence of abdominal obesity in the studied population
of people aged 25-44, n (%)

Abdominal obesity
Index Absent Present Total
Men 235(56.8%) 179 (43.2 %) 414 (100%)
Women 282 (57.3%) 210 (42.7%) 492 (100%)
Population 517 (57.1%) 389 (42.9%) 906 (100%)

The obtained result is slightly different from the
results of the ECVD-RF study, which describes the
average data for the Russian Federation. The prev-
alence of AO at the age of 25-34 years in men was
23.3%, in women 27.2%. At the age of 3544 in
men, it was 41.4%, in women — 47.4%. The propor-
tion of women with AO prevails [5]. In Novosibirsk,

higher prevalence of AO in people aged 25-44 was
found (42.9%), while no differences were identified
between men and women, which confirms the data
on higher prevalence of risk factors for cardiovas-
cular diseases in Siberia [12].

The prevalence of CB in the population aged 25—
44 was 8.7%; it did not significantly differ between
men and women (Table 2).

Table 2

Prevalence of chronic bronchitis in the studied population
of people aged 25-44, n (%)

Index Chronic bronchitis Total
Absent Present
Men 382 (92.3%) 32 (7.7 %) 414 (100%)
Women 445 (90.4%) 47 (9.6%) 492 (100%)
Population 827 (91.3%) 79 (8.7%) 906 (100%)

The obtained result practically does not differ
from the results of the epidemiological part of the
GARD study, according to which 8.6% of patients
(95% CI 7.9-9.3) aged from 18 to 80 years (more
than 7,000 examined residents of the Russian Fed-
eration) were diagnosed with CB [2].

To study the associations between AO and CB,
the ratio of signs was first analyzed (Table 3).

Table 3

Prevalence of chronic bronchitis depending on the presence
of abdominal obesity in the studied population of people aged

25-44
Abdominal obesity
Index Absent | Present Total
No chronic bronchitis
Both sexes, n, incl.: 485 342 827
— in the subgroup for CB, % 58.6 414 100
— in the subgroup for AO, % 93.8 87.9 91.3
— in the population, % 53.5 37.8 91.3
Men, n, incl.: 221 161 382
— in the subgroup for CB, % 57.9 42.1 100
— in the subgroup for AO, % 94.0 89.9 923
— in the population, % 53.4 38.9 92.3
Women, n, incl.: 264 181 445
— in the subgroup for CB, % 59.3 40.7 100
— in the subgroup for AO, % 93.6 86.2 90.4
— in the population, % 53.7 36.7 90.4
Have chronic bronchitis

Both sexes, n, incl.: 32 47 79
— in the subgroup for CB, % 40.5 59.5 100
— in the subgroup for AO, % 6.2 12.1 * 8.7
— in the population, % 3.5 5.2 8.7

Men, n, incl.: 14 18 32
— in the subgroup for CB, % 43.8 56.2 100
— in the subgroup for AO, % 6.0 10.1 7.7
— in the population, % 3.4 43 7.7
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Table 3 (continued) Table 4
Index Abdominal obesity Total Prevalence of chronic bronchitis depending on smoking status
Absent Present in the studied population of people aged 25-44
Women, 7, incl.: 18 29 47 Index Smoking (S) Total
— in the subgroup for CB, % 38.3 61.7 100 No | Yes
- %n the subgrou.p for AO, % 6.4 13.8 ** 9.6 No chronic bronchitis
— in the population, % 3.7 5.9 9.6 Both sexes, n, incl.: 547 280 827
Entire population — in the subgroup for CB, % 66.1 33.9 100
: — in the subgroup for S, % 92.9 88.3 913
Number of persons, 7, incl.: 517 389 906 — in the population, % 60.4 30.9 913
— in the subgroup for CB, % 57.1 42.9 100 v — ’ 21'5 16'7 38.2
— in the subgroup for AO, % 100 100 100 en, ”}’1 1nel.: . . A X
— in the population, % 57.1 429 100 — in the subgroup for CB, % 36.3 3.7 00
— in the subgroup for S, % 94.7 89.3 923
Note. CB — chronic bronchitis, AO — abdominal obesity. — in the population, % 51.9 40.4 92.3
* p=0.003 in comparison with persons with CB without AO by 1.95 Women, n, incl.: 332 113 445
times, OR = 2.08 [CI 1.302-3.333]; ** p = 0.005 in comparison with — in the subgroup for CB, % 74.6 25.4 100
women with CB without AO by 2.15 times, OR = 2.35 [CI 1.267- — in the subgroup for S, % 91.7 86.9 90.4
4.359]. — in the population, % 67.5 23.0 90.4
Have chronic bronchitis
It was revealed that the prevalence of CB against Both sexes, #, incl.: 42 37 79
: : — in the subgroup for CB, % 53.2 46.8 100
the background of AQ il the? population of people " in the subgroup for S, % 1 1% 87
aged 25-44 was 1.95 times higher (p = 0.003) com- —in the population, % 4.6 4.1 8.7
pared with individuals with CB without AO (OR = Men, n, incl.: 12 20 32
2.08 [CI 1.302-3.333]). In women, the prevalence —in ::e Suggr"up lfor SBO}% 357-35 1327-5* . 170;)
. . — in the subgroup for S, % . . .
of CB against the background of AO was 2.15 times — in the population, % 29 48 77
higher (p = 0.005) compared with women with CB Women, 7, incl.: 30 17 47
but without AO (OR = 2.35 [CI 1.267-4.359]). In — in the subgroup for CB, % 63.8 36.2 100
-1 )
men, such a fact was not revealed. The data ob- in the subgroup for S, % 8.3 13.1 9:6
) N A . — in the population, % 6.1 3.5 9.6
tained indicate a significant effect of AO in young Entire population
women on the risk of developing CB. Number of persons, n, incl.: 589 317 906
Since it is known that smoking is one of the sig- — in the subgroup for CB, % 65.0 35.0 100
nificant risk factors for the development of CB, thi ~inthe subgroup for AQ, % 1 100 1100 100
cant nsk factors for the aevelopment o > LS — in the population, % 65.0 35.0 100

study also analyzed the ratio of signs to study the
association between smoking and CB in the young
population (Table 4). The prevalence of CB in
smokers in the population of people aged 25-44 was
1.65 times higher (p = 0.015) compared with non-
smokers with CB (OR = 1.72 [CI 1.081-2.739]).
In male smokers, the prevalence of CB was 2.02
times higher (»p = 0.031) compared with non-smok-
ing men (OR = 2.15 [CI 1.020—4.514]). In women,
such a fact was not revealed. The findings indicate
a significant effect of smoking in young men on the
risk of developing CB.

In order to clarify the obtained results regarding
the effect of AO on the development of CB in young
people aged 25-44, a multiple logistic regression
analysis was carried out, which showed that in peo-
ple of both sexes, the presence of CB, regardless of
other features, including age and sex, is associated
with smoking [Exp(B) = 1.966, p = 0.006] and the
presence of AO [Exp(B) =2.091, p = 0.003].

Note. CB - chronic bronchitis, AO — abdominal obesity, S — smoking.
* p=0.015 in comparison with non-smokers with CB by 1.65 times,
OR = 1.72 [CI 1.081-2.739]; ** p = 0.031 in comparison with non-
smoking men with CB by 2.02 times, OR =2.15 [CI 1.020-4.514]

DISCUSSION

When discussing the results obtained, it is im-
portant to note that, on the one hand, in the patho-
genesis of chronic bronchitis, along with smo-
king, genetic factors, deficiency of al-antitrypsin,
surfactant, and transferrin, cold climate, frequent
respiratory tract infections, and chronic inflamma-
tion play a significant role [8, 13, 14]. On the other
hand, with AO, adipose abdominal tissue produces
a large amount of cytokines and bioactive media-
tors, thus causing a proinflammatory condition in
people suffering from AO, which may be associ-
ated (cause-effect pathogenetic relationship) with
an increased risk of developing bronchopulmonary
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pathology [10, 11]. In general, predicting the risk of
developing chronic bronchitis in young people is an
extremely urgent task [2, 15].

The patterns revealed in this study indicate a
significant relationship between AO and smoking
with the presence of chronic bronchitis in people
of the young age group (2544 years old) in Novo-
sibirsk. At the same time, in men aged 2544, the
relative risk of developing chronic bronchitis is sig-
nificantly influenced by the smoking status, and in
women aged 25-44 — by the presence of abdominal
obesity. Therefore, a possible cause-effect patho-
genetic relationship between the increased content
of inflammatory biomolecules in the body in AO,
secreted by visceral adipocytes, and the chronic in-
flammatory process in the bronchi in CB can only
be discussed in relation to women aged 25-44 in
Novosibirsk.

CONCLUSION

Thus, taking into account the importance of the
problem of abdominal obesity, this study obtained
data indicating its significant role in the risk of de-
veloping chronic bronchitis in young women aged
25—44 years in Siberia.
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Effect of malignant growth and chronic neurogenic pain on neurotrophin
levels in rat brain

Frantsiyants E.M., Bandovkina V.A., Kaplieva I.V., Cheryarina N.D., Neskubina I.V.,
Surikova E.l., Kotieva I.M., Trepitaki L.K.

Rostov Research Institute of Oncology (RRIO)
63, 14 Liniya, Rostov-on-Don, 344037, Russian Federation

Aim. To determine neurotrophin levels in the gray and white matter of the brain in rats with tumor growth associated
with chronic neurogenic pain (CNP).

Materials and methods. The study included white outbred male rats (n = 74). In the main group, the CNP model
was created (by bilateral sciatic nerve ligation), and after 45 days, M1 sarcoma was transplanted subcutaneously
(n=11) or into the subclavian vein (n = 11). Two comparison groups (n = 13 each) consisted of sham-operated
animals with M1 sarcoma transplanted subcutaneously and intravenously, but without CNP. Control groups
included animals with CNP and sham-operated animals. Rats were euthanized on the 21 day of carcinogenesis.
The enzyme-linked immunosorbent assay (ELISA) was used to determine brain levels of brain-derived neurotrophic
factor (BDNF) (R&D System, USA & Canada), nerve growth factor (B-NGF), neurotrophin-3 (NT-3), and
neurotrophin-4/5 (NT-4) (RayBiotech, USA).

Results. CNP caused an increase in B-NGF levels in the cortex and white matter and a rise in BDNF levels only in
white matter of the rat brain. Chronic pain stimulated M1 sarcoma growth in both subcutaneous and intravenous
transplantation. The dynamics of neurotrophin levels in brain structures differed depending on the tumor site.

Conclusion. The results demonstrated that in both normal peripheral tumor growth and in tumor growth against
the background of CNP, changes in neurotrophin levels in the brain of experimental animals can reflect the body
reaction to chronic pain and stress caused by peripheral tumor growth.

Key words: M1 sarcoma, chronic neurogenic pain, brain, neurotrophins, nerve growth factor, brain-derived
neurotrophic factor.
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B/nAHKWe 310Ka4eCcTBEeHHOro pocTa U XpOHNYECKOIM HelporeHHoM 60u
Ha yYpoBeHb HEMpPOTPOPMHOB B MO3re KpbIC

®paHuuaHy E.M., baHgoBkuHa B.A., KannuneBa U.B., YepsapuHa H.[l., Hecky6uHa U.B.,

Cypukosa E.U., Kotnesa U.M., Tpenutakn J1.K.

Pocmosckuii nayuno-uccaedosamenvekuii onkonosuyeckutl uncmumym (PHUOU)

Poccus, 344037, 2. Pocmos-na-/[ony, 14-a aunus, 63

PE3IOME

Hens — n3yunTh CozlepKaHMe HEHPOTPOPHUHOB B CEPOM M OEJIOM BEIIECTBE TOJOBHOTO MO3Ta KPBIC TIPH POCTE
OITyXOJIH, COTIPSDKEHHOM C XPOHHYECKOi HeliporenHoit 6oibro (XHB).

Martepuajbl 1 MeTOAbl. PaboTa BEINTOMTHEHA Ha caMI[ax OelbIX 0eCOPOAHBIX KpbIC (1 = 74). B 0ocHOBHOI rpyrmie
JKHBOTHBIM MojenupoBanu cocrosaue XHB (myrem nBycTOpOHHEI! mepeBs3KM CEeNANHIIHBIX HEPBOB) U depes
45 cyt nepepuBanu capkomy M1 moakoxso (7 = 11) u B mogximounyHyo BeHy (n = 11). [IBe rpynmsl cpaBHEHUS
(B kKax0# 110 7 = 13) — T0KHO ONIEpHPOBAHHBIE JKUBOTHBIE C IEPEBUBKOIT capkoMbl M 1 IOIKOKHO ¥ BHYTPHBEHHO,
HO 0e3 XHB. KonTponpHble rpymmsl — )kUBOTHBIE ¢ XHB 1 10XHO oneprpoBaHHBIE KUBOTHBIE. 3200 MpoOU3-
BOIWIN Ha 21-e cyT KaHmeporeHe3a. MeToJoM MMMyHO(EPMEHTHOTO aHAIN3a B TOJIOBHOM MO3TE ONpPEIesIn
conepkanue Heiiporpoduueckoro pakropa mosra (BDNF) (R&D System, CLIIA, Kanazna), pakropa pocta HEpBOB
(B-NGF), neiiporpoduna-3, Heiiporpoduna 4/5 (RayBiotech, CILIA).

PesyabTatsl. [lokazano, yto XHb Be3biBaeT noseimenne ypoBHs B-NGF B kope u 6enom BemiectBe 1 BDNF
TOJIBKO B OEIOM BELIECTBE T'OJIOBHOTO Mo3ra Kpbic. OOHApYKEHO, YTO XpOHHYECKast OOJNb CTUMYNUPYET pOCT
capkombl M1 B ciiyyae NOAKOXKHOM U BHYTPHUBEHHOH MepeBUBKU. [Ipy 3TOM JrHaMHKa ypOBHS HEHPOTPO(DUHOB B
CTPYKTypax Mo3ra Oblila pa3lIuyHa B 3aBUCHMOCTH OT JIOKAJIN3alUH OITyXO0JIEBOTO POCTa.

3axuouenne. [lonydeHHbIC pe3ysIbTaThl CBUACTEIBCTBYIOT O TOM, YTO KaK MPU OOBIYHOM POCTE OMMyXOJH Ha
nepudepun, Tak U IPU POCTe OMyXoiu Ha GoHe coctosHus XHB n3MeHeHne ypoBHsI HEHPOTPOPHHOB B MO3re
9KCTIIEPUMEHTATIBHBIX JKUBOTHBIX MOKET OBITh OTPAKECHHEM PEaKIIMU OpPraHu3Ma Ha XpOHHYECKYIO 00Jb U CTpecc,
COIPOBOXKIAIOIIUI POCT OMyXOJIH Ha MEPUPECPHH.

Kiouesple cioBa: capkomMa M1, XxpoHHYeckass HeliporeHHast 0OJb, TOJOBHON MO3T, HEHpPOTpoduHBI, (akTop
pocTa HepBOB, HEUPOTPODUIECKU (haKTOp MO3Ta.

KOH('I).]'IMKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIHUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'IPIKaIlPICI>i HaCTOS[H.[efI CTaTbU.

HcTounuk ¢uHAHCHPOBAHUSA. ABTOPHl 3asBISIIOT 00 OTCYTCTBHHM (PMHAHCHPOBAHHSA TIPH IIPOBEICHUH
HCCIIEe0BAHMSI.

CooTBeTcTBHE NPUHIMIAM 3TUKM. VccnenoBanme 0100peHo OHO3THIECKUM KOMUTETOM IO paboTe C )KUBOTHBIMHU
PHUOM (mpotoxon Ne 2 ot 29.05.2018).

Jnsa untupoBanusi: Opannusan E.M., bannoskuna B.A., Kammuea U.B., Yepspuna H.Jl., Heckyouna U.B.,
Cypuxosa E.W., Kotuesa .M., Tpenutaxu JI.K. BnusHue 310kauecTBEHHOT0 pocTa U XpOHUYECKOU HelporeH-
HOU 00JIM Ha yPOBEHb HEHPOTPOPHHOB B MO3TE KpbIC. brostemens cubupckou meouyunst. 2021; 20 (1): 112-118.
https://doi.org/10.20538/1682-0363-2021-1-112-118.

INTRODUCTION

High prevalence and severity of chronic pain
syndromes have caused significant intensification
of fundamental and clinical research [1]. Nerve
damage was discovered to result in complex molec-
ular and biochemical changes in primary afferents,
dorsal horn contours (neurons and especially mi-
croglia), as well as at higher levels of neuraxis [2].

The participation of neurotrophins in the processes
associated with neuronal injury, chronic pain, and
allodynia was revealed. The brain-derived neu-
rotrophic factor (BDNF) has neuroprotective and
growth-promoting effects on various populations of
neurons after injury. However, data on the BDNF
effect on pain and allodynia are contradictory [3].
The role of the nerve growth factor (B-NGF) in
regulating synthesis of neurotransmitters and neu-
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ropeptides of sympathetic and sensory nerve cells
[4] and regeneration of primary nociceptive sensory
pathways [5] was shown.

Other neurotrophins with B-NGF expression al-
ter the lineages of primary sensory pathways in vivo
[6]. Neurotrophin (NT-3) is currently being inves-
tigated in clinical trials for the treatment of periph-
eral neuropathies, which are often associated with
chronic pain and allodynia [7]. Recently, neurotro-
phins and their Trk receptors have been found to
be highly active in a variety of cancers, including
breast, lung, rectal, pancreatic, prostate and liver
cancer, myeloma, and lymphoid tumors [8].

In our previous studies, a violation of the me-
diator status in the mice brain under the influence
of chronic neurogenic pain (CNP) and stimulation
of malignant growth in the lungs of rats by chron-
ic pain was demonstrated [9, 10]. The aim of this
research was to study the content of neurotrophins
in the gray and white matter of the brain of rats in
a malignant process associated with chronic neuro-
genic pain.

MATERIALS AND METHODS

The work was carried out on 74 white outbred
male rats weighing 180-220 g, which were bred in the
vivarium of Rostov Research Institute of Oncology.
The animal work was performed in accordance with
the rules of the “European Convention for the Pro-
tection of Animals Used in Experiments” (Directive
86/609/EEC) and Order of the Ministry of Health-
care of the Russian Federation No. 267 of 19.06.03
“On Approval of Laboratory Practice Rules”. The
study was approved by the Bioethics Committee of
Rostov Research Institute of Oncology.

In the experimental group, the animals were in-
oculated with a malignant tumor in the presence of
CNP. The animals were anesthetized with Xylazine
(Xila drug) at a dose of 0.05 ml / kg of body weight,
and after 10 minutes — by Zoletil50 at a dose of 10
mg / 100 g of body weight. Then the CNP model
was reproduced: the sciatic nerves were ligated on
both sides, and the wounds were sutured. 45 days
[10] after the CNP reproduction, 11 animals were
subcutaneously (s/c) inoculated with M1 sarcoma
according to the standard method, 11 animals were
injected in the subclavian vein (i/v) with 0.3 ml of
the M1sarcoma cell suspension in saline diluted as
(1 x 10 °1).

The comparison groups (n = 13 in each case) in-
cluded sham-operated animals with inoculation of
M1 sarcoma in the same area and at the same dose
and volume as in the main groups, but without re-
producing the CNP model.

The control groups consisted of 13 animals with
reproduced CNP and 13 sham-operated animals,
which were decapitated at the same time as the rats
of the main and the comparison groups (on the 21*
day of carcinogenesis).

After decapitation, the brain was quickly re-
moved, the gray and white matter were isolated on
ice and used for the preparation of 10% homoge-
nates in 0.1 M potassium phosphate buffer of pH 7.4,
containing 0.1% Tween-20 and 1% BSA. The brain
neurotrophic factor (BDNF), as well as the nerve
growth factor (B-NGF), neurotrophin-3 (NT-3), and
neurotrophin-4/5 (NT-4) (RayBiotech, USA) were
determined by the ELISA method (R&D System,
USA & Canada).

The results were statistically processed using the
Statistica 10.0 software. All results were checked
for compliance with the law of normal distribu-
tion (Shapiro — Wilk test). Data are presented as
an arithmetic mean £ standard error of the mean
(M + o). The comparison of quantitative data in in-
dependent samples was carried out using the Krus-
kal — Wallis test; further a posteriori comparisons
were performed using the Mann — Whitney test with
an adjustment for the significance level.

RESULTS

The average survival of rats with subcutaneous
injection of M1sarcoma was 79.2 + 9.3 days, and
with subcutaneous injection of M1 in the pres-
ence of CNP — 80 + 11.8 days. The average tumor
volume is shown in Table 1.

Table 1

The effect of chronic neurogenic pain on malignant process
reproduction in the subcutaneous fatty tissue of male rats

Parameter M1 s/c CNP + Ml s/c
Déad rat§ from the total number of 100 100
animals in the group, %
Tumor foci volume, cm’, M £+ ¢ 99.6+5.2 1455+ 7.1

! statistically significant in relation to the tumor volume with

subcutaneous inoculation without chronic neurogenic pain (p < 0.05).

The average survival after intravenous adminis-
tration of tumor suspension was 87 days, the max-
imum one was 128 days. Tumor foci in the lungs
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in the presence of CNP appeared in almost all rats;
they developed and resulted in the death of the an-
imals (Table 2). In the group of animals with intra-
venous administration without CNP, one rat died.
However, tumor nodes were not found in its lungs;
the survival was 36 days longer than the average
survival in the main group of animals with CNP.

Table 2

The effect of chronic neurogenic pain on malignant process
reproduction in the lungs of male rats

Parameter Ml i/v | Pain+ Ml i/v
Dead rats from the total number of
; . 17 86
animals in the group, %
Presence of tumor foci in the lungs, N 86
volume, cm’>, M+ ¢ 55.44+6.2

The presented results unambiguously indicate that
CNP not only stimulates malignant tumor growth,
but also changes its biological aggressiveness, al-
lowing it to develop in orthotopic inoculation. In this
situation, it was interesting to determine the role of
neurotrophins in the animals’ brain in the manifes-
tation of the altered aggressiveness of the neoplasm.

First of all, the CNP creation in rats was found
to result in a change in some neurotrophins in the
gray and white matter of animals without tumors
(Table 3). Thus, the B-NGF levels increased by 1.5

times and 1.7 times, respectively. The BDNF con-
tent increased only in the white matter of the rat
brain, by 1.6 times. Statistically significant changes
in the content of NT-3 and NT-4 under the influence
of CNP were not found.

Next, the content of neurotrophins in the brain of
rats with traditional subcutaneous inoculation of M1
sarcoma, in an independent variant and in the pres-
ence of CNP was studied. When the tumor volume
reached 99.6 + 5.2 cm? (pre-terminal period of life),
the level of B-NGF increased by 2.9 times relative to
sham operated animals only in the gray matter of the
brain, while in the white matter, its level reduced by
1.5 times (Table 3). The levels of BDNF and NT-4
had no statistically significant changes, and NT-3 ex-
ceeded the control values by 1.9 and 1.4 times in the
gray and white matter of the brain, respectively.

With the growth of M1 sarcoma in the subcuta-
neous tissue in the presence of CNP, there was an
increase in the level of B-NGF in the gray matter of
the rat brain by 2.2 times relative to animals with-
out CNP and by 4.1 times relative to rats without a
tumor, but with CNP (Table 3). The level of BDNF
in the gray matter of these rats was 1.4 times higher
than in animals without CNP and 1.7 times higher
than in animals with CNP alone.

Table 3
The level of neurotrophins in the brain of rats with different types of M1 sarcoma growth
and in the presence of chronic neurogenic pain, M + ¢
Parameter NT—§ NTA BDN.F p _NG.F
(pg/g of tissue) (pg/g of tissue) (pg/g of tissue) (pg/g of tissue)
Control rats
Gray matter 55.0+5.1 11.3+1.9 3,367.6 + 352.9 362.1 +£28.4
White matter 58.0+6.3 7.4+0.8 9,170.5 £ 861.7 886.0 £ 74.1
Rats with CNP
Gray matter 56.1 £4.8 15.7£2.6 2,900.7 £276.3 553.9+51.8
White matter 67.0+£53 6.6+0.8 14,393.3 £1121.5° 1,501.7 £ 126.73
Rats with s/c M1 sarcoma
Gray matter 104.8 + 9.2} 13.5+14 3,511.0 +346.9 1,036.2 +92.43
White matter 82.2+7.13 6.1+0.7 10,287.7 £ 975.8 588.9 + 55.33
Rats with s/c M1 sarcoma + CNP
Gray matter 62.3+£5.7! 12.7+1.3 5,015.9 +423.6'23 2,275.8 £214.1'23
White matter 54.9 £4.6'2 6.0+0.7 3,440.6 £+ 296.8'%3 1,452.4 +£136.5'3
Rats with i/v M1 sarcoma
Gray matter 81.6+7.9° 11.8+1.3 4,534.6 +411.8° 1,747.3 £ 154.6°
White matter 147.7 + 12.6° 6.9+0.8 14,614.7 £ 926.7° 1,573.0 £ 168.1°
Rats with i/v M1 sarcoma + CNP

Gray matter 44.4+7.0! 12.6 £1.3 5,043.7 +396.7*3 474.8 +49.6'3
White matter 65.9+6.3! 8.1+1.0 22,073.7 £ 1654.8'%3 506.3 +45.9'23

! statistically significant difference from the parameter in the group without CNP; 2 statistically significant difference from the parameter in the
group with CNP; 3 statistically significant difference from the parameter in the group of control animals (p < 0.0056).
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The NT-3 content in this sample was reduced com-
pared to the M1 rats and did not have statistically sig-
nificant differences from the corresponding control. In
the white matter of the rat brain with the growth of M1
sarcoma in the subcutaneous tissue in the presence
of CNP, there was an increased level of B-NGF, 2.5
times higher than the corresponding value for animals
with the growth of M1 sarcoma in the subcutaneous
tissue without CNP, and it did not differ significantly
from the CNP values in the control. The BDNF level
in the white matter of these rats was almost 3.0 times
lower than the value in animals without CNP and 4.2
times lower than the CNP control value. Normaliza-
tion of NT-3 was identified (Table 3).

In animals in which the tumor process in the lung
did not develop after intravenous administration of
the tumor suspension, in the gray and white matter
of the brain, the B-NGF level increased by 4.8 times
and 1.8 times, respectively, the BDNF level — by
1.3 times and 1.6 times, respectively, and the NT3
level — by 1.5 times and 2.5 times, respectively. In
gray and white matter of the rats with a developed
tumor process in the lung after administration of the
tumor suspension in the presence of CNP, only the
BDNEF level increased by 1.7 times and 1.5 times,
respectively, but the B-NGF level in the white mat-
ter only decreased by 3 times relative to control rats
with CNP (Table 3).

DISCUSSION

This study showed that CNP reproduced by bi-
lateral ligation of sciatic nerves causes an increase
in the level of BDNF in the white matter and NGF-f3
in the cortex and white matter of the rat brain. This
is consistent with numerous reference data.

NGF is considered to be a chronic pain mediator
[11]. Anti-NGF therapy may be effective in redu-
cing pain in experimental models [12]. BDNF is
also involved in the mechanisms of neuropathic
and inflammatory pain [13]. Neurotrophins mediate
their biological functions through two transmem-
brane receptors: p7SNTR (p75 pan-neurotrophin re-
ceptor) and TrkB receptor. Anti-NGF therapy may
be useful for treating cancer pain, as it can suppress
inflammation and then inhibit nerve sensitization
[14]. In pain, BDNF is activated, among others, in
the cerebral cortex [13, 15] and the spinal cord [16].

The authors of the present study have not found
studies on neurotrophins in the brain of animals

with the growth of a malignant tumor on the pe-
riphery, as it was shown in this research with the
growth of M1 sarcoma in the subcutaneous tissue
and the lung.

It was demonstrated that changes in the levels
of some neurotrophins in therat brain tissue during
subcutaneous growth of M1 were characterized by
an increase in the NT-3 level in the cortex and white
matter of the brain and a rise in the level of B-NGF in
the cortex, while there was a decrease in B-NGF in
the white matter. In the meantime, the intravenous
administration of the tumor suspension, which did
not result in tumor growth in the lung, had similar
features in terms of the content of neurotrophins in
the brain structures. Thus, an increase in the NT-3
level in the cortex and white matter and a rise in the
B-NGF level in the cortex were found. Additionally,
an increase in the BDNF content in the cortex and
white matter and elevated B-NGF level in the white
matter were discovered. It is possible that such
changes in the level of neurotrophins in the brain of
animals were caused bu the subcutaneous growth of
M1 following stress accompanying tumor suspen-
sion administration and tumor growth. In case of
intravenous administration of M1the changes may
be caused not only by a stress response to the ad-
ministration, but also by effective work of antitu-
mor mechanisms that prevented tumor

BDNF is known to play a critical role in the stress
response, as evidenced by its altered expression in
the brains of stressed animals [17, 18]. Reports have
shown that the functionality of the hypothalamus
regions and the prefrontal cortex (PFC) of the brain
is required for generation of the response to stress
and pain [19]. BDNF is highly expressed in these
regions, and its expression changes significantly in
response to stress [18]. BDNF and B-NGF play an
important role in the survival, differentiation, and
plasticity of neurons during development and adult-
hood. When exposed to stress, they are good candi-
dates for transmitting the influence of stress factors,
causing changes in brain functioning [20]. B-NGF
is required for the survival, proliferation, and dif-
ferentiation of neurons in the peripheral and central
nervous systems [21].

The comparative analysis of parameters in
groups of animals with different variants of tumor
growth in the presence of CNP is of great interest.
This experiment combines chronic pain, tumor
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growth, and stress from tumor suspension admin-
istration and further growth of the neoplasm. In
case of the traditional subcutaneous growth of M1
sarcoma in the presence of CNP, the change in
the NGF level reflected the CNP state, while the
change in the BDNF level rather reflected the stress
response [22].

Everything is more complicated in case of a tu-
mor in the lung in the presence of CNP. A drastic
decrease in the NGF level in the cortex and white
matter, as opposed to the group of animals with ad-
ministered tumor suspension, not accompanied by
tumor growth in the lung, rather indicates depletion
of this protein in the brain structures. The BDNF
content in the gray and white matter indicates a pro-
nounced response to stress, which is confirmed by
a change in its expression in the brain of stressed
animals [17, 18].

CONCLUSION

Thus, the obtained results indicate that during
normal tumor growth both on the periphery and
in the presence of CNP, changes in the level of
neurotrophins in the brain of experimental ani-
mals may reflect the body response to chronic pain
and stress accompanying tumor growth on at the

periphery.
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Expression of immunoglobulins in human epithelial tumors
and their potential role in carcinogenesis
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ABSTRACT

The traditional view on immunoglobulin (Ig) production only by B-lymphocytes and plasma cells has been
revisited. Non-lymphoid tumor cells can also synthesize and secrete Ig with unidentified specificity. Expression of
Ig genes was detected in the cells of malignant neoplasms of epithelial origin, such as breast carcinoma, colorectal
cancer, prostate cancer, as well as in epithelial tumor cell lines. mRNA of the IgG1 heavy (H) chain constant region,
sterile Iy-Cy transcript, H and light (L) chains of IgG, V(D)J recombination of H and L chain gene segments, as
well as RAG1 (recombination-activating gene 1) and RAG2 enzymes, which are required for V(D)J recombination,
were found in cancer cell lines and resected carcinoma tissues. IgG produced by cancer cells can be involved in the
invasion and metastasis of these cells through interaction with E-cadherin, as well as with the metastasis-associated
protein MTA1. Tumor-derived IgG plays an important role in malignant progression via activation of platelets by
interacting with their FcyRIla receptors and inducing the production of low levels of reactive oxygen species. The
level of IgG in malignant neoplasms is positively correlated with proliferation markers, stage of progression, and
growth and survival of the tumor. These data modernize the current views on the mechanisms of carcinogenesis
and create the basis for the search for new diagnostic and prognostic markers in malignant neoplasms, as well as
methods of their target therapy. Further in-depth studies of the phenomenon of Ig production by tumor cells will
contribute to more effective practical application of the accumulated knowledge in this field.

Key words: immunoglobulin expression, cancer, non-lymphoid cell-derived immunoglobulin, cancer-derived
immunoglobulin, carcinogenesis, metastasis.
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PE3IOME

TpanuuuoHHOE MpEACTaBIEHHE O TPOAyKuuH uMMyHorsoOymuHoB (Ig) Tombko B-nmumdouuramm wu
IUIa3MAaTHYECKUMHU KJIIETKaMU B IOCIEJHee BpeMs HojaBepraercsi peBu3nH. KieTku HeIMMQOHIHBIX OIyXoJjeH
TaKKe MOTYT CUHTE3HPOBATh M CEKPETHPOBATh g HeHIeHTHHUIMPOBAHHOM ClIEU(PUIHOCTH. DKCIpeccHs r'eHoB Ig
BBISIBJICHA B KJICTKAX 3JI0Ka4€CTBEHHBIX HOBOOOPA30BaHM LM TEIHAIEHOTO TPOUCXOXKICHUS, TAKMX KaK KapIIMHOMa
MOJIOYHOH JKeJe3bl, KOJIOPEKTAIBHBIA PaK, paK MPecTaTeIbHON JKele3bl, a TAK)KE B SIHUTEIHAIBHBIX OITyXOJIEBBIX
JIMHYSX. B IMHUSX paKoBBIX KIIETOK M pe3eLMPOBAHHBIX TKAHAX KapHOM Obutn 00HapyxeHbl MPHK koHCcTaHTHOI
o6nactu Tsokenbix (H) neneit IgG1, crepunbhslii Tpanckpunt ly-Cy, H- u nerkue (L) uenn IgG, V(D)J-pexomou-
HallMs TeHHBIX cerMeHToB H- u L-nieneid, a Taxke ¢pepmentsl RAG1 (recombination-activating gene 1) u RAG2,
HeoOxonumsble 11t V(D)J-pekom6unanuu. [Ipogyunpyemslii pakoBeIMU KieTkamu 1gG MokeT OBITH BOBJICYEH B
MHBA3WIO U METACTa3UPOBAHUE ITUX KIIETOK 4epe3 B3auMmojeicTeue ¢ E-kaarepuHom, a Takxke ¢ 6enkom-1, ac-
coruupoBaHHbIM ¢ MeTactasupoBanueM (MTAT1). Onyxonesbie IgG UrpaloT BakHyIO poJib B 37I0Ka4€CTBEHHOM
MIPOrPECCUPOBAHUM, aKTHBUPYsl TPOMOOLUTEHI ITyTeM B3auMopeiicTBus ¢ ux peunentopamu FeyRlla um maayuunpys
BBIPa0OTKY HU3KUX YPOBHEH aKTHBHBIX ()OopM KHcIopoaa. YpoBeHb IgG B 3110Kka4ecTBEHHBIX HOBOOOPa30BaHMIX
MIOJIOKUTENLHO KOPPEIHMPYET ¢ Mapkepamu mnpoiudepanny, craaueidl pa3sBUTHS, POCTOM U BBEDKMBAEMOCTBHIO
OIyXOJIM. DTH JaHHBIE MOJCPHU3UPYIOT MPEACTABICHUS O MEXaHM3Max KaHIepOreHe3a M CO34aloT (yHIaMEHT
JUISl IOMCKA HOBBIX KPUTEPUEB TMAarHOCTHKU U IPOTHO3a TEUEHMs 37I0Ka4YeCTBEHHBIX HOBOOOPa30BaHMH, a TaKKe
METOJIOB MX TapreTHoi Teparuu. HeoOxomuMel nanpHeime yriayOneHHbIe HecaeJoBanust (PeHOMEHA IPOTYKIMH
Ig onyxosneBeiMH KieTkaMu Uit Gosnee d(PEKTHBHOrO MPAaKTHYECKOrO HCIIOJIb30BAHUS HAKOIUICHHBIX B ATOM
00J1acTu 3HaHUH.

KnrodeBble ciioBa: sKcripeccusi IMMYHOTTIOOYIIHHA, PaK, UMMYHOTTIOOYTHH HEMUM(OUIHOTO MPOUCXOKICHUS,
HMMMYHOTJTIOOYJIHH OITyXOJIEBOTO MPOUCXO0KICHHS, KAHIIEPOTeHE3, METAaCTa3uPOBAHHE.

KOH(I)JIHKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHH€ﬁ HaCTOHIJ_[eﬁ CTaTbHU.

Hcrouynuk puHaHCHPOBAHUS. ABTOPHI 3asBISIOT 00 OTCYTCTBUH (DHHAHCHPOBAHMUSL.
Jast untuposanusi: AprembeBa K.A., bornanosa M.M., bontosckas M.H., Kamoxun O.B. Dxcnpeccust ummy-

HOMIOOYJIMHOB B SIUTEJIHANBHBIX OITYXOJAX YeIOBEKa U UX IMOTEHIMAbHAs POJb B KaHIleporeHese. boiiemens
cubupcroi meduyunwt. 20215 20 (1): 119-128. https://doi.org/10.20538/1682-0363-2021-1-119-128.

Expression of immunoglobulins in human epithelial tumors

INTRODUCTION

Traditionally, only activated B-lymphocytes
and plasma cells ale regarded as immunoglobulin
(Ig) producers. However, according to some resear-
chers, cells of non-lymphoid origin and non-lym-
phoid localization can also synthesize and secrete
Ig. Expression of Ig genes was detected in malig-
nant cells derived from epithelial tumors, such as
breast carcinoma [ 1], colorectal cancer [2], prostate
cancer [3], papillary thyroid cancer [4], lung cancer
[5], and in cell lines of epithelial tumors, including

cervical (HeLa S3), prostate (PC3), lung (A549),
and liver cancer (BCL-7402) [6, 7]. In addition, Ig
synthesis and secretion, as well as the expression
of their genes, were found in non-malignant cells,
including proliferating epitheliocytes [7], neurons
[8], and some eye cells [9]. Ig produced and secret-
ed by transformed cells belong to different isotypes
(IgG, IgM, IgA and IgE) depending on the tumor
type [10]. Ig detected in various human malignan-
cies were found to enhance tumor growth and sur-
vival, and the levels of these molecules correlated
with the markers of proliferation and the stage of
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the neoplastic process [2, 11, 12]. Suppression of
Ig production by small interfering RNA (siRNA),
which blocks expression of the heavy chain gene of
all Ig isotypes, resulted in inhibition of growth and
proliferation of various cancer types in vitro and in
vivo [13].

The aim of the study was to review the scienti-
fic literature on xpression of Ig by human epithe-
lial tumor cells and potential significance of these
molecules in carcinogenesis and metastasis.

MOLECULAR STRUCTURE AND GENETIC
BASIS OF IMMUNOGLOBULIN DIVERSITY

Ig produced by classical antibody-producing
cells (B-lymphocytes and plasma cells) represent a
group of proteins with several structural similarities.
The fine structure of Ig molecules was investiga-
ted using monospecific monoclonal antibodies pro-
duced by hybridomas obtained by fusion of activated
B-lymphocytes with plasmacytoma cells. The basic
structural unit (monomer) of Ig is composed of two
identical light (L) chains with a molecular weight of
22.5 kDa and two identical heavy (H) chains with a
molecular weight of 50—75 kDa, which are linked
together by non-covalent and disulfide bonds. Both
H and L chains contain amino-terminal variable (V)
regions involved in antigen recognition and car-
boxy-terminal constant (C) regions. The C regions
of the H chains mediate the effector functions of the
antibody, which are not directly associated with an-
tigen recognition. There are two types of L chains
differing in the amino acid sequence of the C region:
k and A. The complete Ig molecule is composed of
one or more monomers. In humans, depending on
the structural variant of the H chain C region (Ch,
C9, Cy, Ca, and Cg), five classes, or isotypes, of Ig
(IgM, IgD, IgG, IgA, and IgE) are distinguished,
which differ in molecular weight, charge, amino
acid sequence, and carbohydrate content.

The generation of Ig diversity is a result of so-
matic recombination of gene segments of the L and
H chains located on different chromosomes. Each
H and L polypeptide chain of Ig is encoded by se-
veral genetic elements that are physically separated
in germline DNA. However, in B-lymphocytes and
antibody-producing cells, these elements join and
form a single active gene. The V domain of k-type
L chain is encoded by two different gene segments:
Vk (Variable) and Jk (Joining). In germline DNA,

these gene segments are far apart, but in the course
of lymphocyte differentiation they join. When the
combined Vk and Jk gene segments join the k-chain
C region gene, which is located relatively close to
Jx, a single active gene is formed. The combinatori-
al joining of Vx and Jk gene segments can provide
a large number of L chain variants.

The H chain genes are characterized by more
complex organization. Thus, the H chain V domain
is formed due to the combinatorial joining of three
types of germline gene segments: V,, D, (Diver-
sity), and J .. This provides even greater diversity
of H chains as compared to L chains [14]. Ig gene
rearrangement is mediated by coordinate activation
of certain enzymes — V(D)J recombinases. Some of
these are only found in developing lymphocytes.
The rearrangement process is regulated by the lym-
phocyte-specific component of V(D)J recombinase
that binds and cleaves DNA at specific sites, the so-
called recombinant signal sequences. The enzymes
required to initiate the DNA cleavage are a complex
of two proteins encoded by the RAGI (recombi-
nation-activating gene 1) and RAG2 genes. RAGI
is enzymatically active only in combination with
RAG?2. The level of RAG1 and RAG2 expression
is influenced by interleukin-7 (IL-7), a cytokine se-
creted by stromal cells of the bone marrow [15, 16].

Two additional types of somatic changes in Ig
genes contribute to Ig diversity. These are somatic
hypermutation in the H and L chain V region genes
[17] and changes in the H chain C region genes in-
duced by cytokines during the T-dependent humo-
ral immune response. Class, or isotype, switching
from IgM or IgD to IgG, IgE or IgA results from
the replacement of Cp or Cd exons by Cy, Ce or Ca
exons, respectively, without altering the antigenic
specificity [18]. The activation-induced cytidine de-
aminase (AID) plays a key role in both processes.
The exact mechanisms of this enzyme functioning
are not fully understood; presumably, it may act as
an RNA-editing enzyme [19, 20].

IMMUNOGLOBULIN EXPRESSION IN HUMAN
EPITHELIAL TUMORS

The functioning of the humoral arm of the adap-
tive immune system in patients with various forms
of neoplastic diseases, including epithelial tumors,
has been the focus of research since the 1960s [21].
Since the 1970s, a number of studies have demon-
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strated an increase in the blood serum IgG, IgA,
and/or IgM levels in patients with non-hematopoi-
etic neoplasia, including carcinomas of the cervix,
breast, oral cavity, larynx, bronchi, kidney, and li-
ver [22-25]. High concentrations of IgA in sa liva
have also been detected in patients with laryngeal
cancer [26]. For a long time, it was believed that
Ig in tumor patients, as in healthy individuals,
was produced only by B-lymphocytes and plasma
cells. However, at the turn of the XX—-XXI centu-
ries, compelling evidence emerged suggesting that
transformed epithelial cells may also produce Ig,
which goes beyond the classical immunological
paradigms.

In 1996, X. Qiu et al., using the immunohisto-
chemistry analysis and Western blotting, first dis-
covered IgG-like molecules in the breast and colon
carcinoma cells and showed that these molecules
are absent in the non-malignant epithelial cells of
these organs [27].

In 1998, Y. Kimoto, using the nested reverse
transcription polymerase chain reaction (nested
RT-PCR) method, which allows for detection of
extremely small amounts of mRNA, detected the
transcripts of the H chain C region of IgM, IgD,
IgG3, I1gGl, IgE, and IgA in human carcinoma cell
lines: SW116 (intestinal adenocarcinoma), Hep2
(laryngeal squamous cell carcinoma), MCF-7 and
MDA-MB-231 (breast adenocarcinoma), and HC48
(pancreatic adenocarcinoma) [10].

Soon, expression of transcripts of the H chain C
region and IgG production in epithelial tumor cells
were confirmed by other researchers. Thus, using
DNA microarrays, genomic analysis of the gene
expression profile in 20 samples of primary human
hepatocellular carcinomas revealed the H chain C
region genes of [gG3 (IGHG3), IgA1 (IGHAI), and
IgM (IGHM) [28].

In 2003, X. Qiu et al. used in situ hybridiza-
tion, immunohistochemical analysis and PCR to
demonstrate that human epithelial tumors, includ-
ing breast, colon, liver, and lung carcinomas at the
level of single cells obtained by laser microdissec-
tion, as well as cells of stabilized tumor lines pro-
duce cytoplasmic and secretory forms of IgG. IgG
H chain transcripts and the corresponding protein
were detected in the transformed cells. Using FACS
analysis and Western blotting, authors detected IgG
in long-term cultured human tumor cell lines: such

as MCF-7 (breast cancer), HT-29, LOVO (colorec-
tal cancer), BCL-7402 (liver cancer), A549 (lung
cancer), CaOV3 (ovarian cancer), and HeLa S3 and
HeLa MR (cervical cancer). IgG was also detected
in the supernatant of HeLa S3 and HeLa MR cell
cultures [11].

M. Li et al. evaluated Ig expression in 7 human
epithelial carcinoma cell lines. Using the immuno-
histochemical staining, Western blotting, and solid
phase enzyme immunoassay methods, IgA protein
expression was detected in cell extracts and culture
supernatants of all tested cell lines [29]. Expres-
sion of the IgG1 H chain C region gene (IGHGI)
and IgG protein as well as RAG1 and RAG2 ex-
pression in epithelial tumor cell lines (breast, liv-
er, cervix, prostate, nasopharyngeal, stomach, and
colorectal cancer) were studied. The /GHG! tran-
scripts and sterile Iy-Cy transcripts were detected
by nested RT-PCR. The y-type H chain and k-type
L chain proteins were identified by immunofluo-
rescence and Western blotting. V(D)J recombi-
nation of the H and L chain gene segments and
RAGI1/RAG?2 expression were also detected in the
above cell lines [6].

In 2006, G. Babbage et al. performed gene ana-
lysis of the H chain V-region (V) in well-char-
acterized breast cancer cell lines (BT 474, MDA-
MB-231, MCF-7, SKBR3.T47D, and ZR-75-1)
expressing the epithelial marker EpCAM (epithelial
cell adhesion molecule) using nested RT-PCR. V
gene transcripts were identified in 4 out of 6 cell
lines. V,, gene expression was found in approxi-
mately 32% of single EpCAM" cells sorted from 3
tumor lines. In 5 of the 6 identified V , genes, soma-
tic mutations were detected without intraclonal vari-
ation, indicating cessation of mutational activity. V
genes in the breast cancer cell lines were expressed
as either pre- or post-switched transcripts, and in
two cell lines, dual (both pre- and post-switched)
transcripts were identified: IgG/IgA in SKBR3 and
IgM/IgG in ZR75-1. However, at the protein lev-
el, the authors were unable to detect extra- and in-
tracellular expression of Ig molecules in 4 selected
cell lines using FACS analysis with monoclonal
anti-IgG and -IgM antibodies. Analysis of RAGI
and RAG2 expression in each cell line showed the
absence of any gene transcripts. When discussing
the origin of rearranged V,, genes in tumor cells,
the authors did not exclude the acquisition of these
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genes as a result of the uptake of B-cell chromatin
and its assimilation in the tumor cell genome. [30].

L chains of Ig expressed by cancer cells predo-
minantly belong to the k-type. Liu H.D. et al. in
2007 determined the expression of k-chain genes in
nasopharyngeal carcinoma cell lines by RT-PCR,
Western blotting, and FACS. The expression of
K-chain C region mRNA was detected in abnormal
cells of the cervical uterine epithelium in cervicitis
and cervical intraepithelial neoplasia, as well as in
invasive cervical carcinoma cells, and this expres-
sion was higher in dysplasia and carcinoma than
in cervicitis [31, 32]. Expression of k-chains was
found in other tumors, such as breast, lung, liver
and prostate cancer [6], colorectal carcinoma [33],
and gastric cancer [34].

A number of studies were devoted to determi-
ning the molecular mechanisms of Ig expression
in tumor cells. Both mRNA and proteins of RAGI
and RAG2, which are required for V(D)J recom-
bination, were detected in Ig-positive tumor cell
lines, including lung, colorectal, cervical [11], he-
patic, prostate, gastric, breast, and nasopharyngeal
carcinomas [6]. The expression of AID, which is
required for class switching and somatic hypermu-
tation, was detected by nested RT-PCR in 6 breast
cancer cell lines [30], as well as in papillary thyroid
cancer cells [4]. RAGI and RAG2 mRNA as well
as AID mRNA were detected in lung adenocarcino-
ma cells but not in cells of adjacent normal tissue or
normal lung epithelial cell lines [5].

Importantly, AID transcripts were also detected
in mammalian pluripotent tissues, including oo-
cytes and primordial germ cells at a level compa-
rable to AID expression in lymphoid tissues [35].
It was suggested that AID plays a role in epigenetic
reprogramming and maintenance of the malignant
phenotype. It is also possible that aberrant muta-
tions and genomic instability are associated with
high levels of AID expression [36].

B cell generation and Ig production are controlled
by regulatory components such as receptor tyrosine
kinase Flk2, IL-7 receptor (IL-7R), and transcrip-
tion factors PU.1 (purine box factor 1), Ikaros, E2A
(E box binding protein 2A), EBF (early B cell fac-
tor 1), and Pax5 (paired box protein 5) [37-39]. In
E2A-/- or EBF-/- mice, B cell development stopped
early in the absence of RAG expression and D ,-J,
rearrangement at the IgH locus. Ectopic expression

of E2A and EBF1 together with RAG1 and RAG2
activated D -J,, rearrangement in non-lymphoid
cells [40]. L. Geng et al., using nested RT-PCR,
determined Pax5 expression in the human colon
cancer cell line SW480 and EBF expression in se-
veral human epithelial neoplasia cell lines, includ-
ing colon tumors (SW480 and LOVO), cervical
cancer (HeLa), breast cancer (Bcap-37), and liver
cancer (SMMC-7721) [33].

FUNCTIONAL ROLE OF TUMOR-DERIVED
IMMUNOGLOBULINS IN CARCINOGENESIS
AND POTENTIAL MECHANISMS OF THEIR
ACTION

The functional role of IgG produced by epithe-
lial tumor cells was analyzed in several studies, the
results of which suggest that tumor-derived IgG en-
hances tumor growth and survival. In 2003, X. Qiu
et al. showed that blockade of tumor-derived IgG
by antisense oligodeoxynucleotides or antibodies
to human IgG resulted in activation of programmed
cell death and suppression of tumor cell growth in
vitro. In addition, antibodies to human IgG sup-
pressed the growth of the IgG-producing carcinoma
cell line HeLa MR in immunodeficient nude mice
[11].

In 2006, Y. Deng et al. determined the Ig expres-
sion in HT-29 cells (human colon cancer) and eva-
luated the effect of Ig on the biological activity of
tumor cells. Transcripts of Ig H chain V regions (V
CDR3) in HT-29 cells were detected by RT-PCR.
Transfection of the antisense vector CDR3-pIRES
1 neo into HT-29 cells resulted in a significant de-
crease in Ig expression as well as in induction of
apoptosis and inhibition of cell growth [41]. In hu-
man HeLa (cervical cancer) and CNE1 (nasopha-
ryngeal carcinoma) cell lines, the blocking antibo-
dies to a-type H chain (Iga) suppressed growth and
reduced cell viability. In addition, Iga blockade led
to a decrease in the proportion of HeLa cells that
entered the S phase of the cell cycle after pre-syn-
chronization in the G2/M phase [42].

The effects of IgG expression on growth and me-
tastasis were studied in the tissues of squamous cell
carcinoma and adenocarcinoma of the lung. The
level of IgG expression in 86 lung cancer samples
was found to be associated with the clinical stage
of the tumor and its metastasis to lymph nodes.
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Knockdown of IgG by siRNA resulted in decreased
proliferation, migration, and adhesive capacity of
cultured tumor cells. The relationship between the
expression of IgG genes and the expression of me-
tastasis-associated genes (CD44, E-cadherin, matrix
metallopeptidase 9 (MMP9), MMP2, integrin-f1,
and metastasis-associated protein MTA1) was
evaluated by RT-PCR and Western blotting. Only
MTAT1 expression was found to be significantly re-
duced in lung cancer cell lines after inhibition of
IgG expression. High MTA1 expression is known
to be closely associated with cell invasion of various
carcinomas and their metastasis to lymph nodes, as
well as with progression of cancer symptoms [43,
44]. Suppression of MTA1 expression by siRNA in
lung cancer cells inhibited their ability to migrate
and adhere in cell cultures. Apparently, MTA1 is
co-expressed with tumor-derived IgG, which may
play a key role in the lung cancer metastasis through
MTAI regulation [5].

J. Wang et al. found that suppression of IgG
mRNA and protein expression by siRNA in HeLa
cervical cancer, Hep2 laryngeal carcinoma, and
PC3 prostate cancer cell lines inhibited the growth
and proliferative activity of tumor cells. Among
27 detected proteins, which interacted with IgG
in HeLa cell culture, the following peptides were
found to be closely related to cell growth and oxida-
tive stress: RACK1 (receptor for activated C kinase
1), RAN (Ras-like guanosine triphosphatase), and
PRDX1 (peroxiredoxin-1). Negative regulation of
tumor-derived IgG was found to reduce the intracel-
lular levels of reactive oxygen species (ROS) and
increase to increase the overall cellular antioxidant
activity. Several ROS scavengers, including cata-
lase, dimethyl sulfoxide, N-acetylcysteine, and su-
peroxide dismutase, inhibited the growth of [gG-de-
ficient tumor cells through suppression of MARK/
ERK (mitogen-activated protein kinase/extracel-
lularly regulated kinase)-mediated signals [45].
Exogenous hydrogen peroxide at a low concentra-
tion enhanced the survival of these cells through an
increase in the intracellular ROS levels [45, 46].

In 2013, P. Liang et al. showed that blockade
of tumor IgG with human IgG antibodies or anti-
sense oligonucleotides enhanced apoptosis and
suppressed the growth of T24 and BIU-87 bladder
cancer cell lines in vitro and the growth of tumor
xenografts in vivo. In addition, inhibition of IgG ex-

pression in T24 cell line increased cell sensitivity
to mitomycin C and activated caspase-3. Blockade
of IgG expression is thought to induce tumor cell
apoptosis through activation of the caspase-depen-
dent pathway [47].

G. Lee et al. assessed the expression and func-
tional role of tumor-derived IgG in OC-3-VGH
ovarian cancer cells and in many other cancer cell
lines from different human tissue origins by immu-
nohistochemistry and immunofluorescence using
RP215 monoclonal antibodies. RP215 specifically
recognize tumor-associated CA215 antigen, which
is expressed in secretory and membrane-bound
forms in most cancer cells and consists mainly of
tumor-derived IgG H chains. A unique glycosylated
H chain epitope of tumor-derived IgG, which reacts
with RP215, was characterized. CA215 was shown
to be homologous to the H chain of human B cell-de-
rived IgG1 with the molecular mass of 50-70 kDa
with the exception of the high content of serine and
threonine residues in the V region. A significant cor-
relation of high tumor-derived IgG expression with
low level of differentiation and late stage of cancer
was revealed using RP215 antibodies [48, 49].

The same research group showed the expression
of other proteins of the Ig superfamily in various can-
cer cell lines. Using MALDI-ToF MS (Matrix-As-
sisted Lazer Desorption / Ionization Time-of-Flight
Mass Spectrometry) analysis, molecular homology
of CA215 was revealed not only to H-chains of tu-
mor IgG, but also to T-cell receptors (TCR) and Ig-
like adhesion molecules. Using RT-PCR and cDNA
sequencing, significant expression of the TCR-a and
TCR-B genes, as well as the adhesion molecules
CD47, CD54, CDS58, and CD147, was found in the
vast majority of cancer cell lines tested. In contrast,
TCR co-receptors and co-stimulators, such as CD3,
CD4, and CDS, were rarely expressed, which in-
dicates the non-functional nature of TCR in tumor
cells. These data were supported by the results of
immunohistochemical staining and Western blotting
of cancer cell lines, as well as cancer tissue samples.
It was hypothesized that the expression of Ig super-
family proteins may be related to immune protection
and proliferation of cancer cells during carcinogene-
sis and cancer progression [50].

Immunohistochemical analysis of tumor tissue
samples taken from 100 patients with colorectal
cancer made it possible to establish that tumor-de-
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rived IgG, detected using RP215 antibodies, were
expressed in cancer nests of tumor tissues, but not
in stromal cells of colorectal tissues. It was found
that high level of expression of tumor-derived IgG
was a prognostically unfavorable factor. Expres-
sion of these IgG was also detected in 3 out of 5
colorectal cancer cell lines tested. Knockdown of
tumor-derived IgG in SW480 cells suppressed their
proliferation in vitro. Blockade of the tumor-de-
rived I1gG expression in SW480 cells prior to their
subcutaneous injection into nude mice inhibited
the growth of the implanted tumor in vivo. Direct
interaction of IgG of tumor origin with E-cadhe-
rin and B-catenin was found. In normal cells, these
adhesion molecules form a single complex locat-
ed in the adherens junctions on the cell membrane.
As a result of the knockdown of tumor-derived
IgG, the expression of E-cadherin at the adherens
junctions increased, while the expression of c-Myc
oncogene decreased. The authors speculated that
tumor-derived IgG might cause dissociation of
E-cadherin from the complex with B-catenin and
activate [-catenin / c-Myc-mediated signaling
by increasing nuclear translocation of B-catenin,
thereby promoting invasion and metastasis [51].

In 2015, Q. Liao et al., using RP215 antibodies,
showed that cancer cells with high level of IgG ex-
pression were characterized by increased ability to
migrate, invade, and metastasize in vitro and in vivo
[52]. IgG knockdown in cancer cell lines and in
breast cancer resulted in significant inhibition of tu-
mor cell proliferation, migration, and invasion, as
well as in induction and enhancement of tumor cell
apoptosis [52, 53].

Recently, it has been found that IgG of tumor
origin activated platelets by direct interaction with
their FcyRlIla receptors [54], which was reflected
by increased secretion of dense granules by plate-
lets [55]. It is known that platelets can regulate tu-
mor growth, angiogenesis, and metastasis [56—58],
which is associated with the functions of surface
receptors and secreted products, such as thrombo-
xane, platelet growth factor [59], and vascular en-
dothelial growth factor [60]. Tumor-related throm-
botic complications are one of the leading causes of
death in cancer patients. Patients with thrombosis
are more likely to have distant metastases, and their
one-year survival rate is lower than that of patients
without thrombotic complications [61-63].

CONCLUSION

This review presents in chronological order the
results of key studies on Ig expression by epithelial
tumor cells and the significance of these molecules
in carcinogenesis and metastasis. Since the late
1990s, there has been rapid progress in this scien-
tific field from random (“paradoxical”) findings of
extra-lymphoid Ig production to detailed immuno-
logical, genetic, and clinical characteristics of this
scientific phenomenon. This information, together
with the data on Ig production by normal prolife-
rating epithelial cells, central neurons, and eye
cells, substantially modernizes the traditional con-
cepts, according to which V(D)J recombination and
Ig production are characteristic only of B-lympho-
cytes and plasma cells, which requires revision of
the classical immunological paradigms in the field
of humoral immune response.

The expression of Ig, mainly IgG, of unidentified
specificity in epithelial tumors and cancer cell lines
of different organ origin is worth noting. Tumor-de-
rived IgG has been shown to be structurally and
functionally distinct from the antigen-specific Ig
(antibodies) produced by B cells and to be involved
in cancer cell growth and survival. Using different
methodological approaches, independent research
groups consistently excluded factors that could in-
fluence the final study results in order to confirm the
tumor origin of Ig. Today, there is no doubt about
the universal (or near-universal) ability of epithelial
tumor cells to produce Ig.

The search for new molecular markers of tumo-
rigenesis is an important and promising direction in
immunodiagnostics and immunotherapy of malig-
nant neoplasms [64]. The expression of Ig, main-
ly IgG, by cancer cells closely correlates with the
clinical stage, the degree of pathological changes in
tumor, and metastasis to lymph nodes. A positive
correlation between IgG expression and clinical pa-
rameters of the tumor process suggests the possibi-
lity of determining the expression of tumor-derived
IgG in oncological practice for diagnostic and prog-
nostic purposes.

The molecular mechanisms and the biologi-
cal and clinical significance of Ig production by
non-lymphoid cells, especially cancer cells, require
further in-depth investigation. It remains to be es-
tablished whether Ig of non-lymphoid origin have
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the same functions as Ig produced by B cells or
plasma cells. The similarities and / or differences in
the mechanisms of Ig production by lymphoid and
cancer cells should be elucidated. The question re-
mains whether Ig expression in tumor cells is the
cause or the result of cell transformation. It is useful
to clarify whether tumor-derived Ig can be used as a
therapeutic target in neoplastic diseases. It is likely
that the answers to these questions could form the
basis for the development of methods for the selec-
tive blockade of IgG produced by cancer cells in the
therapy of malignant neoplasms.
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ABSTRACT

The authors of the article have analyzed the problem of advanced heart failure (AHF). Despite significant and,
without exaggeration, revolutionary achievements in clinical pharmacology, cardiac surgery, and implantation
arrhythmology, the number of patients with chronic heart failure (CHF) in many countries is not decreasing, and
in some states, for example, in Russia, it is increasing. At the same time, unfortunately, immediate and long-term
results of the so-called optimal therapy of CHF are often disappointing for both the patient and the doctor. In 2007,
experts from The Heart Failure Association of the European Society of Cardiology proposed the term advanced
heart failure (AHF) to refer to CHF in which optimal drug therapy, as well as cardiac resynchronization therapy,
are not effective, which causes repeated hospitalizations and justifies the need for advanced treatment methods
such as heart transplantation and mechanical circulatory support, and/or transition to palliative care. The opinions
of experts from the established cardiological communities in the Old and New Worlds on the definition, diagnostic
criteria, and treatment of AHF have been changing over time. Unfortunately, this evolution has not yet arrived at
a consensus. The lecture consistently addresses the issues of terminology, diagnosis, prognostic stratification, and
routing of patients with AHF, as well as short- and long-term strategies for treating these patients.

Key words: advanced heart failure, definition, indicators, prognostic stratification, clinical markers, biomarkers,
imaging, exercise test, co-morbidity, management strategies, mechanical circulatory support, heart transplantation
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PE3IOME

IMpuBoxutcs anammus npoGiieMsl mporpeccupytonieit cepaednoi Hepocrarounoctu (IICH). Hecmotpst Ha cyme-
CTBEHHEIE, He OyAeT MpeyBeMYeHNEeM CKa3aTbh — PEBONIOIMOHHBIE, JOCTIKEHHS KINHUYECKOil (hapMakomorum,
KapIAUOXUPYPrUH ¥ MUMIUIAHTALMOHHON apUTMOJIOTHM, YUCIO MAlEHTOB C XPOHMYECKOH CepledyHON HenocTa-
ToyHocThio (XCH) Bo MHOTHX CTpaHax He COKpallaeTcsi, a B HEKOTOPBIX, HanpuMmep B Poccun, yBenmuuBaeTcs.
IIpu 3TOM, K COXAIECHUIO, HEPEIKO HEMOCPEACTBEHHBIE U OTAAJICHHBIE PE3yJIbTAThl TAK Ha3bIBAEMOM ONTHMAJIb-
Hoii Tepanuu XCH BBI3BIBAIOT pa3oyapoBaHHE KaK y MaIMEHTa, Tak U y Bpada. B 2007 r. sxcnepTsl Accoluanumn
cepzedHoit HeocTatouHocTn EBpomnetickoro obmecTsa kapauonoros npemnoxuty tepmuH [ICH mist o6o3nHaue-
Hust XCH, npu xoTopoil onTumanbHas MeJUKAMEHTO3HAs Tepalus, a TaKkKe CepAecyHas PeCHHXPOHU3UPYIOLIAs
Tepanus He SBISIOTCS 3(Q(EKTUBHEIMU. DTO SIBISIETCS IIPUIMHOM IMOBTOPHBIX TOCHHUTAIN3AMH 1 000CHOBBIBAET
HEO0OXOIMMOCTh TIPHMEHEHNS TAKHX TIEPETOBBIX METO/IOB JIEUEHHsI, KaK TPAHCIUIAHTALUs Cep/Illa M MeXaHNJIecKast
HoAepskKa KpoBOOOpamieHus1, 1 (WIH) Iepexoia K NauIHaTHBHOHM nomomnty. CoracoBaHHbIE TTO3UIIH SKCIIEPTOB
aBTOPHUTETHBIX Kapauosorndeckux coodmects B Crapom n HoBom Caerte, kacaronuecs onpeseseHus, KpuTepres
nuarHocTuky u jgedenus IICH, MeHsAmch co BpeMeHeM, HO, K COXKAJICHHUIO, X 3BOJIIOLUS 0 CUX IIOp HE 3aBep-
LIMJIAach MOJHBIM KOHCEHCYCOM. B jekiuu nmocnenoBaTenbHO paccMaTpPHBAIOTCS BOIPOCH TEPMUHOJIOTUH, JHA-
THOCTHKH, TIPOTHOCTUYECKON cTpaThduKkanuy u Mapmpytusanun nanuenToB ¢ [ICH, a taxke kpaTKocpodHOH
JIONTOCPOYHOH CTPATETHH JICUSHUS ITUX OOIBHBIX.

KiroueBble cjoBa: Tporpeccupyiomias — cepieyHass HEJIOCTaTOYHOCTh,  OIPEJIeNICHHE,  WHIUKATOPBI,
HPOTHOCTHYECKAsl CTpaTH(UKALWS, KIMHUYECKHE MapKepbl, OMOMapKepbl, BH3yalH3alHs, TeCT ¢ (u3nueckon
Harpy3Koi, COIyTCTBYIOIIHE 3a00JI€BaHMs, CTPATErMU BEACHMS, MEXaHHUYeCKas IMOJJepiKKa KPOBOOOpaIeH s,
TpaHCIUIaHTaLMs CepALa.

KonpaukT nuHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HACTOSIIEH CTaThH.

HUcTounuk q)l/lHal-lCPlpOBaHl/lﬁ. ABTOpLI 3asBJIAIOT 00 OTCYTCTBHUHU (bHHaHCPIpOBaHI/IH.

Jas uurupoBanus: Kamoxun B.B., TeruakoB A.T., becnanosa U.J1., Kamoxuna E.B., TepentseBa H.H., Cu-
oupesa O.®., I'pakosa E.B., Ycos B.1O., OcunoBa M.A. IIporpeccupyromas (advanced) ceprednas HemocTa-
TOYHOCTb. bronnemens cubupckou meduyunel. 2021; 20 (1): 129-146. https://doi.org/10.20538/1682-0363-2021-
1-129-146.
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INTRODUCTION

Chronic heart failure (CHF) is a notorious medi-
cal and social problem that belongs to the priorities
of national health systems in almost all developed
and developing countries [1, 2]. This is explained
by the fact that despite the significant and even re-
volutionary achievements in clinical pharmacology,
cardiac surgery, and implantation arrhythmology,
the number of patients (especially those with heart
failure with preserved left ventricular (LV) ejection
fraction (EF)) with this disabling, costly, and often
deadly condition does not decrease in many coun-
tries. In some countries, for example in Russia, it
increases [3—6]. At the same time, immediate and
long-term results of the so-called optimal therapy of
heart failure are, unfortunately, often disappointing
for both the patient and the doctor [7, 8].

The aim of this lecture was to consider contem-
porary views on the problem of advanced heart fai-
lure (AHF), the prevalence of which in the popula-
tion of patients with CHF ranges from 1 to 10% [9,
10].

TERMINOLOGY

In 2007, experts from the Heart Failure Associ-
ation (HFA) of the European Society of Cardiolo-
gy (ESC) proposed the term AHF to refer to heart
failure, in which optimal drug therapy, including

diuretics, renin-angiotensin-aldosterone system
Asymptomatic Mild CHE
cardiac dysfunction
NYHA class* I II
CHF stage** B

(RAAS) inhibitors, beta-blockers (unless these
drugs are not contraindicated and are well tolera-
ted), and cardiac resynchronization therapy (if there
are appropriate indications) are not effective. It is
considered not effective if the following persist:
objective signs of severe cardiac dysfunction, such
as severe systolic and/or diastolic LV dysfunction,
high ventricular filling pressure and increased na-
triuretic peptide blood levels, which are associated
with heart failure corresponding to III-IV functio-
nal class (FC) according to NYHA (New York
Heart Association), dyspnoea and/or fatigue at rest
or with minimal exertion, as well as episodes of flu-
id retention and/or peripheral hypoperfusion at rest.

All of the above is the reason for repeated hos-
pitalizations (> 1 case over the past six months) and
justifies the need for using such advanced treatment
methods as heart transplantation and mechanical
circulatory support, and/or the transition to palli-
ative care [11]. The studied cases included not yet
fatal patients with refractory heart failure requi-
ring consideration of the use of a circulatory assist
device and/or heart transplantation and patients
with end-stage heart failure in which irreversible
changes in the end-organs cause contraindications
to surgery and palliative care is the only possible
option (for example, inotropic drug infusions, ul-
trafiltration or peritoneal dialysis and end-of-life
care) were in question.

AHF
Moderate CHF Severe CHF Refractory CHF
111 v
C D

Fig. 1. Position of advanced heart failure (AHF) in chronic heart failure (CHF) classifications [11]: * Classification of the New York
Heart Association; ** Classification by the American Heart Association and the American College of Cardiology

Well-known difficulties of precise CHF function-
al class (FC) diagnosis, associated with the subjec-
tivity of a patient and a doctor in determining what
limitation to physical activity is slight or significant
and what exertion is habitual for the patient, were
described many times in the «Bulletin of Siberian
Medicine» among other sources [12—14]. This sub-
jectivity naturally leads to low reproducibility of the
results of assessing CHF FC in the same patient by
different doctors. CHF affects mainly elderly peo-
ple. Taking into account polymorbidity, the infor-

mativity of the exercise test performed to objectify
FC (a 6-minute walk test, for instance) is often un-
acceptably low in these patients, since the distance
traveled by the patient can be affected not only by
myocardial, but also by coronary or respiratory fail-
ure and other factors [14].

At the same time, some doctors and researchers
give a rather subjective interpretation of the NYHA
classification. They identify intermediate FC values
(for example, III-IV) and attempt to introduce addi-
tional gradations into the classification. One of these
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is I1Ib class which is not categorically identified as
“advanced”. This class is vaguely characterized as
a more serious disturbance of the functional status
than in FC III, on the one hand, but not as severe as
in CHF corresponding to FC IV, on the other hand
[14, 15]. Medicine does not belong to exact scienc-
es, but such an argument cannot be understood, as if
you are being convinced that more than two results
are possible after flipping a coin — not only “heads”
or “tails”, but also the coin’s hanging in the air.

As for repeated hospitalizations, this is a con-
troversial criterion, since some patients with AHF
may often seek unplanned medical care and receive
it in an outpatient setting (for example, in the Uni-
ted States in the emergency department), and some
patients are hospitalized for reasons not directly
related to CHF (for example, exacerbation of the
underlying disease or comorbid pathology, or dis-
turbances of heart rhythm and conduction). Most
often, unplanned hospitalizations in these patients
are caused by acute heart failure (including so-
called acute decompensated heart failure) [8] and
circumstances related to refractory CHF [11].

It is important not to allow for confusion of
concepts. AHF is a form of CHF, which even in
rapidly developing decompensation is fundamen-
tally different from acute heart failure [1]. D.V.
Preobrazhenskiy et al. [12] rightly consider the
concepts of “heart failure” and “chronic heart fai-
lure” as synonyms, since speaking of acute heart
failure, it is customary to indicate its specific form,
such as pulmonary edema, cardiogenic shock, or
acute pulmonary heart (it does not matter whe-
ther this preceded CHF or not). Nevertheless, in
the special medical literature, there is also an op-
posite point of view, according to which acute
heart failure includes episodes of acute cardiac de-
compensation in patients with CHF in the absence
of the clinical presentation of pulmonary edema
and cardiogenic shock. We quote what we can-
not understand: “Acute decompensated heart fail-
ure (first-time, decompensation of CHF) — poorly
expressed symptoms of acute heart failure that do
not meet the criteria for cardiogenic shock, pul-
monary edema ...” [16]. Apparently, all clinicians
have encountered primary and secondary refracto-
ry disease in patients with CHF (it is important to
recall pseudo-refractoriness that can be associated
with the patient’s non-compliance) with the treat-

ment. There are no generally accepted criteria for
verifying this condition (similar to those for resis-
tant hypertension [17]). This is probably why re-
peated attempts to introduce the refractory phase
(stage) of CHF in its classification are met with
reasonable resistance from the leading cardiolo-
gists of Russia. Yu. N. Belenkov at the “Classifi-
cation of chronic heart failure” round table at the
annual (14.12.2001) conference of the Society
of Specialists in Heart Failure, objected to such
a pro- posal as follows: “You cannot introduce a
refractory phase. Refractory to what? We do not
make a classification for ourselves, but a classifica-
tion for everyone. Your refractory patient and my
refractory patient are different patients because we
have plasmapheresis, ultrafiltration, and artificial
LV~ [18].

Finally, the final (terminal) stage of CHF should
be distinguished from AHF. According to ESC
experts [11], the main difference between them is
the presence of a certain degree of reversibility in
the severity of CHF manifestations when applying
cutting-edge treatment methods. The ambiguous
phrase “a certain degree of reversibility” dictates
the need to search for informative discriminant
signs. Doctors in the absence of the latter should
not rush to pronounce a sentence on a patient with
CHF.

Such indistinct criteria were the subject of de-
served criticism and the reason for revising the
definition of AHF for it to take into account the
evaluation of the effectiveness of new classes of
drugs (such as sinus node If-channel inhibitors and
angiotensin receptor and neprilysin inhibitors),
characteristics of comorbid pathology, the con-
dition of the end-organs, and other variables ne-
glected by the ESC experts in 2007. The opinions
of experts of reputed cardiological communities in
the Old and New Worlds regarding the definition
and criteria for diagnosis and treatment of AHF
have changed over time, but, unfortunately, their
evolution has not yet ended in full consensus, and
none of the proposed interpretations are indisput-
able [9, 19]. In this regard, it is worth quoting the
titles of the works of well-known cardiologists, who
vividly designated the problem: “Advanced heart
failure and end-stage heart failure: does a difference
exist?” [20], “A changing trend toward destination
therapy: are we treating the same patients different-
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ly?” [21], “Rise of the machines? Left ventricular
assist devices for treatment of severe heart failure”
[22], “Mechanical ventricular assistance as destina-
tion therapy for end-stage heart failure: has it be-
come a first-line therapy?” [23].

DIAGNOSTIC CRITERIA

Obviously, in order to speak about AHF with
confidence, it is necessary to justify the presence of
heart failure itself in the patient first. The principles
of CHF diagnosis are well developed and described
in numerous recommendations [3, 5, 24]. Modern
criteria for the diagnosis of AHF, as a rule, include
signs first formulated in 1998 by K.F. Adams Jr.
and F. Zannad [25]: LV EF value determined at
rest is less than 30%, CHF corresponds to FC III-
IV, or maximum oxygen consumption is less than
14 ml / kg / min. However, even among patients
hospitalized with acute heart failure, at least half
have normal LV FV values. The absence of LV
global contractile dysfunction should not contradict
the diagnostic conclusion about AHF in the pres-
ence of other symptoms and signs of this condition
[9].

Detailed criteria for the diagnosis of AHF, for-
mulated in current memorandums of the HFA ESC
[9], the American Heart Association (AHA) and
the American College of Cardiology (ACC) [26],
as well as the Heart Failure Society of America
(HFSA) [27], are presented in Table 1.

After reviewing the criteria presented in Table
1, many clinicians are likely to have questions.
The greatest list of questions, perhaps, is caused
by AHF criteria presented in AHA/ACC recom-
mendation, since they do not specify whether all
criteria are obligatory for verification of AHF, they
contain inaccurate wording (e.g., “frequent”, “usu-
ally”’) and do not include any characteristics of a
state of cardiac contractile and lusitropic functions.
It should be noted that the North American experts
focused strictly on CHF and discussed AHF briefly
in the context of CHF [26]. However, in the ab-
sence of information about the presence and seve-
rity of global (segmental) systolic and diastolic ven-
tricular dysfunction, as well as their remodeling,
detection of CHF is not always infallible, and the
diagnosis itself is not irreproachable [14, 28-32].

In this regard, the recommendations of the HFA
ESC 2018 look more reasonable [9]. They em- pha-
size a thorny path at differential diagnosis, since the
symptoms and signs indicated in paragraphs 1 and
4 (Table 1) can be the result of not only cardiac dys-
function, but other conditions (for example, severe
lung disease, non-cardiac cirrhosis of the liver, or,
most often, renal failure of mixed etiology). How-
ever, these patients have a low quality of life and
a bad prognosis and require the same attention as
someone in whom heart failure is the only existing
illness.

Table 1
Most common criteria for diagnosing AHF [9, 26, 27]
HFA ESC, 2018 AHA /ACC, 2013 HFSA, 2015
All the following criteria must be present despite | 1. Repeated (>2) hospitalizations | The presence of progressive and/or persistent

optimal guideline-directed treatment:

1. Severe and persistent symptoms of heart failure
[NYHA class III (advanced) or IV].

2. Severe cardiac dysfunction defined by reduced
LVEF <30%, isolated RV failure (e.g. ARVC)
or non-operable severe valve abnormalities or
congenital abnormalities or persistently high (or
increasing) BNP or NT-proBNP values and data
on severe diastolic dysfunction or LV structural
abnormalities according to the ESC definition of
HFpEF and HFmrEF.

3. Episodes of pulmonary or systemic congestion
requiring high-dose intravenous diuretics (or
diuretic combinations) or episodes of low
output requiring inotropes or vasoactive drugs
or malignant arrhythmias causing >1 unplanned
visits or hospitalizations over the last 12 months.

or ER visits for HF in the past year
2. Progressive deterioration in
renal function (e.g. rise in BUN
and creatinine)

3. Weight loss without other cause
(e.g. cardiac cachexia)

4. Intolerance to ACE inhibitors
due to hypotension and/or
worsening renal function

5. Intolerance to beta-blockers due
to worsening HF or hypotension
6. Frequent systolic blood pressure
<90 mmHg

7. Persistent dyspnoea with
dressing or bathing requiring rest
8. Inability to walk 1 block on the
level ground due to dyspnoea or
fatigue

severe signs and symptoms of HF despite optimized
medical, surgical, and device therapy. It is generally
accompanied by frequent hospitalizations, severely
limited exertional tolerance, and poor quality of life
and is associated with high morbidity and mortality.
Importantly, the progressive decline should be
primarily driven by the HF syndrome.

Indicators of advanced HF in the setting of optimal
medical and electrical therapies that should trigger
consideration of referral for evaluation of advanced
therapies include:

*Need for intravenous inotropic therapy for symptomatic
relief or for maintaining end-organ function

* Peak VO, <14 mL/kg/min or <50% from the
predicted value

* 6MWT distance <300m

« >2 HF hospitalizations in the last 12 months

» >2 unscheduled visits (e.g. ER or clinic) in the last
12 months
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Table 1 (continued)

HFA ESC, 2018

AHA/ACC, 2013

HFSA, 2015

4. Severe impairment of exercise capacity with
inability to exercise or low 6MWTD (<300 m) or
pVO2 (<12-14 mL/kg/min), estimated to be of
cardiac origin.

In addition to the criteria mentioned above,
extra-cardiac organ dysfunction due to heart
failure (e.g. cardiac cachexia, liver, or kidney
dysfunction) or type 2 pulmonary hypertension
may be present, but are not required.

9. Recent need to escalate diuretics
to maintain volume status,
often reaching daily furosemide
equivalent dose >160 mg/day and/
or use of

supplemental metolazone therapy
10. Progressive decline in serum
sodium, usually to <133 mEq/L
11. Frequent ICD shocks

e Worsening right ventricular HF and secondary
pulmonary hypertension

* Diuretic refractoriness associated with worsening
renal function

« Circulatory—renal limitation to RAAS inhibition or
beta-blocker therapy

* Symptoms of progressive/persistent CHF (NYHA
functional class I1I-1V)

« Increased 1-year mortality (e.g. 20-25%) predicted by

HF survival models (e.g. SHFS, HFSS, etc.)

* Progressive renal or hepatic end-organ dysfunction

e Persistent hyponatraemia (serum sodium <134
mEq/L)

* Recurrent refractory ventricular tachyarrhythmias;
frequent ICD shocks

« Cardiac cachexia

« Inability to perform ADL

Note. HFA — Heart Failure Association; ESC — European Society of Cardiology; AHA / ACC — American Heart Association /American College
of Cardiology; HFSA — Heart Failure Society of America; 6MWT - 6-minute walk test; ACE — angiotensin-converting enzyme; ADL — activities
of daily living; BNP — B-type natriuretic peptide; BUN — blood urea nitrogen; CRT — cardiac resynchronization therapy; ER— emergency room;
HF — heart failure; HFSS — Heart Failure Survival Score; ICD — implantable cardioverter-defibrillator; LV — left ventricular; LVEF — left ventricular
ejection fraction; NT-proBNP — N-terminal pro-B-type natriuretic peptide; HfmrEF — heart failure with mid-range ejection fraction; HfpEF — heart
failure with preserved ejection fraction; ARVC — arrhythmogenic right ventricular cardiomyopathy; NYHA — New York Heart Association; PCWP —
pulmonary capillary wedge pressure; RAAS — renin-angiotensin-aldosterone system; RAP — right atrial pressure; SHES — Seattle Heart Failure

Score; pVO2 — peak exercise oxygen consumption.

PROGNOSTIC STRATIFICATION

Accurate and timely prognosis is important
for any disease, but in such a severe pathology as
AHF, the results of predictive stratification are of
particular importance. In order to justify referring
the patient with chronic heart failure in a specia-
lized center (e.g., heart failure clinic), it is enough
to detect pronounced decompensation. However, to
select patients requiring the use of advanced treat-
ment methods, such as heart transplantation and ar-
tificial left ventricle, and to determine the optimal
time for this therapy, it is necessary at first to have
a substantiated assumption on unacceptably high
risks of death in the absence of aid from an organ
transplant surgeon or specialists in mechanical cir-
culatory support [9].

A fairly extensive list of indicators of adverse
prognosis in AHF is presented in Table 2 [9]. It is
logically grouped by ESC experts according to the
method of obtaining information (markers obtained
in a clinical study and by performing simple instru-
mental tests; biomarkers evaluated in the laboratory;
results of heart and vascular imaging; and exercise
testing) and the presence of comorbid pathology.

As you can see, the prognosis in AHF patients
is associated with a large number of factors with

an obvious linear relationship (from weak to almost
functional) between many of them. For example,
the quality of life in a patient with CHF is related
to gender, parameters of LV remodeling (geometric
and electrophysiological) and its functional state,
the level of asthenia and the severity of depression,
as well as the presence of metabolic syndrome (obe-
sity and indicators reflecting the severity of syste-
mic inflammation and oxidative stress), iron defi-
ciency, and coronary insufficiency [33—39]. Depres-
sion of heart rate variability in these patients is di-
rectly related to age, heart remodeling, the degree of
systolic and diastolic LV dysfunction, the presence
of diabetes mellitus and diabetic autonomic neurop-
athy, as well as the clinical severity of heart failure,
and, conversely, the effectiveness of CHF treatment
[40—43]. Hyperuricemia can be one of the mani-
festations of metabolic syndrome or chronic kidney
disease [44—46]. The number of cardiac and extra-
cardiac factors affecting the level of the so-called
cardiac biomarkers is generally difficult to calculate
[47-53].

Due to the multicollinearity between risk factors,
the partial prognostic value of each of them is dif-
ficult to determine and, therefore, it is not easy to
distinguish significant independent predictors from
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randomly detected and not carrying any addition-
al information ones. The way out of the problem-
atic situation in clinical practice can be the use of

multi-factor models of prognosis, which, for obvi-
ous reasons, have their advantages over monofactor
models [9, 54, 55].

Table 2

Clinical markers and parameters obtained by instrumental research

General clinical

Age 1 HR in sinus rhythm but not in atrial fibrillation Reduced peripheral muscle
Male sex Reduced HR variability strength
1 QRS duration Recent /recurrent HF hospitalizations Rales
Longer HF duration Changed haemodynamic profiles” Edema
Higher NYHA class Cardiomegaly JVD
Lower and labile SBP and lower DBP and MAP S3 Hepatomegaly
Lower pulse pressure Poor quality of life Ascites
Biomarkerss
Low sodiu -ESR
. - Oxidative stress and fibrosis
Cardiomyocyte injury _ST2
- Trop onm - Galectin-3
Cardiomyocyte stress - GDF-15
- Higher BNP and/or NT-proBNP
. - MR-proADM
- Increased NT-proBNP over time
- Lower LDL

- ANP - Uric acid
- MR-proANP

. -Low T3
Inflammation - Albuminuria
- CRP uminu

Imaging
Echocardiography
Longo st of hypolakiaesis - Low LV RS at rest
&€ . P - No LV GLS increase in the dobutamine stress test
- LV dilatation .
. . . - Pulmonary congestion by lung ultrasound
- Diastolic dysfunction . .
. . - Inflammation and fibrosis on CMR
- Mitral regurgitation R . .
. . - Poor viability of the myocardium on stress echocardiography and CMRR
- Aortic stenosis - Reduced miBG uptake
- LV hypertrophy P
- LV mass
Cardiopulmonary exercise test
tests
pVO2

Short distance in the 6-min walk test
V/V ., slope

Co-morbidity

Cardiovascular

- Ischemic heart disease/prior myocardial infarction
- Prior transient ischemic attack/stroke

- Peripheral arterial disease

- Atrial fibrillation

- Ventricular arrhythmia, sudden cardiac death, ICD
shocks

Non-cardiovascular

- Chronic kidney disease

- Diabetes

- Chronic obstructive pulmonary disease

- Sleep apnoea and Cheyne—Stokes breathing

- Smoking
- Anemia
- Higher red cell distribution width
- Higher white blood cell count
- Iron deficiency
- Liver dysfunction and low albumin
- Depression

- Senile asthenia

- Cachexia
- Cognitive dysfunction
- Diuretic resistance

Note. ANP — atrial natriuretic peptide; BNP — B-type natriuretic peptide; CMR — cardiovascular magnetic resonance; CRP — C-reactive protein;
DBP — diastolic blood pressure; ESR — erythrocyte sedimentation rate; GDF-15 — growth differentiation factor 15; HF — heart failure; HR —
heart rate; ICD — implantable cardioverter-defibrillator; JVD — jugular venous distention; LDL — low-density lipoprotein; LV — left ventricular;
LVEF — left ventricular ejection fraction; miBG — metaiodobenzylguanidine; MAP — mean arterial pressure; MR-proADM — mid-regional pro-

adrenomedullin; MR-proANP — mid-regional pro-atrial natriuretic peptide

; NT-proBNP — N-terminal pro-B-type natriuretic peptide; NYHA —

New York Heart Association; pVO2 — peak exercise oxygen consumption; SBP — systolic blood;pressure; VE/VCO2 — minute ventilation—carbon

dioxide production relationship; S3 — gallop rhythm.

* is detected according to the presence/absence of congestion (or hypoperfusion) signs.
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Out of more than 100 multi-factor predictive
models proposed for patients with CHF, the most
well-validated are SHFM (Seattle Heart Failure
Model), HFSS (Heart Failure Survival Score),
MECKI (Metabolic Exercise test data combined
with Cardiac and Kidney Indexes), INTERMACS
(Interagency Registry for Mechanically Assisted
Circulatory Support), MAGGIC (Meta-Analysis
Global Group in Chronic Heart Failure), BIO-
STAT-CHF (A Systems Biology Study to Tailored
Treatment in Chronic Heart Failure), BCN Bio-HF
(Barcelona Bio-Heart Failure), and UCLA score
(University of California, Los Angeles) [9]. An un-
acceptably low survival rate during the year in most
cases is indicated by an assessment of the prognosis
at a level not exceeding 80% (for example, on the
SHFM or MAGGIC model) [9].

ESC experts emphasize the prognostic value of
the treatment-related factor [9]. Non-compliance by
a doctor or patient with the provisions of modern
recommendations for treatment of CHF (particular-
ly refusal to use a B-blocker) is associated with a
worsening prognosis. However, it should be under-
stood that the term AHF is applicable only to de-
scribe the phenotype of treated CHF. If the patient
for one reason or another did not receive optimal
therapy, then regardless of the clinical severity of
decompensation, it is too early to talk about this
form of heart failure.

PATIENT ROUTING

All patients with CHF should undergo regular
checkups for timely detection of progression of
symptoms and signs. The described mnemonic “I
need help” is useful for identifying patients with
AHF who need a timely referral to a specialized
center which uses advanced methods of heart fail-
ure treatment that are not available in an ordinary
clinic. It stands for the following: I (Inotropes),
N (NYHA class), E (End-organ dysfunction), E
(Ejection fraction), D (Defibrillator shocks), H
(Hospitalizations), E (Edema/escalating diuret-
ics), L (Low blood pressure), P (Prognostic medi-
cation) [56].

Unfortunately, patients with AHF are often re-
ferred to advanced heart failure centers too late.
The routing scheme developed within the frame-
work of the active screening concept, the goal of
which is timely referral of these patients to the ap-

propriate specialized medical centers, is present-
ed in general form in Figure 2 [9]. The concept of
active screening justifies referral (if there are ap-
propriate indications) to a local heart failure clinic
of patients with CHF symptoms corresponding to
NYHA FC 1II.

When planning the timing of specialized medical
care for patients with AHF, you can use the classifi-
cation of heart failure severity phenotypes provided
in the INTERMACS registry (Interagency Registry
for Mechanically Assisted Circulatory Support) [9,
57] (Table 3).

In general, only the 2™, 3%, and 4" phenotypes
are unconditionally related to AHF, since the 1%
type corresponds to acute heart failure and the 5%—
7™ types — to non-severe CHF.

SHORT-TERM TREATMENT STRATEGY

Since a reasonable conclusion about AHF leaves
little hope for the success of pharmacotherapy
aimed at hemodynamic, neurohumoral, volumetric,
myocardial, and immune unloading of the heart, ac-
cording to the figurative expression of V. Pernias
et al. [58], the solution to the problem lies outside
the heart (heart transplantation or implantation of
a circulatory assist device). However, in a situa-
tion where the patient’s clinical condition is rapid-
ly deteriorating or there is a reason for assuming
reversible dysfunction of end-organs, active phar-
macotherapy or temporary mechanical circulatory
support may be required. Such a short-term strategy
can be lifesaving for a patient who is on the waiting
list for a transplant or implantation of a circulatory
assist device [9].

The use of non-glycosidic inotropes and va-
soconstrictors should be limited to cases of acute
decompensated heart failure, low cardiac output
syndrome, and cardiogenic shock [9, 59-62]. Al-
lowed medicines include vasoconstrictors (for ex-
ample, norepinephrine and vasopressin), inotropes
with vasoconstrictor properties (for example, dopa-
mine and adrenaline), as well as inodilators, among
which, according to some experts, the most prom-
ising is levosimendan (its use is permissible in the
absence of a pronounced decrease in systolic blood
pressure —>85 mmHg) [9, 60].

The cornerstone of congestion correction in
these patients is loop diuretics. For the purpose of
the so-called decongestion (not to be confused with
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anticongestant therapy in the otorhinolaryngologic
practice) in case of refractory edema syndrome, in-
cluding the one associated with the “braking phe-
nomenon”, they should be used (after or against the
background of systemic arterial hypotension cor-
rection) intravenously at a high dose, in combination
with one another, with neurohumoral modulators,
and drugs improving renal filtration (for example,
aminophylline or a “renal” dose of dopamine) and
increasing oncotic blood pressure (albumin, blood
plasma) [5, 9, 63, 64].

In patients with normal or elevated systemic
blood pressure, a combination of diuretics with va-
sodilators may be effective, the most promising of
which are serelaxin (a recombinant analog of human
relaxin-2), low doses of nesiritide (a recombinant
form of human brain natriuretic peptide), and the
vasopressin antagonist tolvaptan (especially in case
of hyponatremia of dilution) [63, 65, 66]. Finally,
the use of drugs from the group of the sodium-de-
pendent glucose co-transporter type 2 inhibitors
(such as dapagliflozin or empagliflozin) in combi-
nation therapy can help to shift the process from the
“dead point” and achieve the coveted euvolemia in
refractory edema syndrome [63, 67, 68].

If other methods of dehydration are ineffective, it
is possible to use extracorporeal ultrafiltration (gen-
tle regimes using a minimum volume of extracorpo-
real blood and an ultrafiltration rate of no more than
250 ml / hour are preferable) and peritoneal dialysis
[5,9, 69, 70].

Temporary (usually from several days to
several weeks) mechanical circulatory support
(mono- and biventricular) can be indicated in the
development of cardiogenic shock, as well as in
a situation where it is necessary to gain time de-
ciding on a heart transplant or implantation of an
artificial ventricle (ventricles). For this, percutane-
ous transluminal methods are currently available,
including intra-aortic balloon counterpulsation and
Impella® ventricular support systems, as well as
paracorporal devices (for example, the so-called
tandem heart), including combining mechanical
circulatory support with blood oxygenation (ve-
noarterial extracorporeal membrane oxygenation)
[9, 71-76].

The following terms are used to describe various
technologies for temporary mechanical circulatory
support in discrete clinical situations [24]:

1. “Bridge to decision” / “Bridge to bridge” —
is used in patients with cardiogenic shock existing
until haemodynamics and end-organ perfusion are
stabilized to exclude contraindications for long-term
mechanical circulatory support (for example, brain
damage after resuscitation) and consider additional
therapeutic options, including long-term ventricular
assist device therapy or heart transplantation.

2. “Bridge to candidacy” — the use of tempo-
rary mechanical circulatory support can lead to im-
proved function of the end-organs and give the right
to heart transplantation to those patients for whom it
was previously contraindicated;

3. “Bridge to transplantation” — mono- and
biventricular mechanical circulatory support to
keep alive patients at high risk of death waiting
for a heart transplant (application may take several
months or even years since only 10% of these pa-
tients will receive a donor heart within a year);

4. “Bridge to recovery” — mechanical circula-
tory support to keep patients alive until their cardiac
function is restored to a level sufficient to remove
the circulatory assist device (usually we are talking
about a partially reversible cause of CHF, such as
acute myocarditis or peripartum cardiomyopathy).

LONG-TERM TREATMENT STRATEGY

Conventional surgical treatment is aimed at cor-
recting etiological factors, as well as the leading
mechanisms underlying CHF. We are talking, for
example, about revascularization of ischemic but
viable myocardium in patients with LV EF < 35%,
prosthetics of the aortic valve in severe symptom-
atic aortic valve stenosis with an average pressure
gradient > 40 mm Hg. or in severe aortic regurgita-
tion in all patients with symptoms and asymptom-
atic patients with LV EF < 50%, as about surgery
to correct mitral regurgitation (endovascular place-
ment of the mitral valve clip theoretically looks
more justified in a situation of high perioperative
risk), including secondary (due to LV dilation) se-
vere mitral insufficiency (especially in patients with
LV EF <30%), which cannot be corrected with the
help of pharmacotherapy and electrophysiological
methods of treatment [9].

Long-term mechanical circulatory support in
the framework of “definitive treatment” technology
can be considered as an alternative to heart trans-
plantation in patients with end-stage CHF, in which
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| Age <75% l«
Co-morbidity causing YES
life expectancy <1 year**
NO
Advanced HF despite
optimal guideline < >

. NYHA class 1T
directed management

(including CRT/ICD if indicated)

v

Any of these characteristics:

* Prior inotrope use

* LVEF <20%

* Intolerant of beta-blocker or RAS inhibitor/ARNI

* Hyponatraemia

* >] admission or unplanned visit to HF clinic for HF in last 12
months

* SBP <90 mmHg

* Worsening renal function or SCr > 160 pmol/L

* Worsening liver function due to HF

* Haemoglobin <120 g/L

* Ventricular arrhythmias/ICD shocks

* Persistent congestions/need for escalating diuretic doses

YES NO

v \4 v

Refer to an AHF center Manage in local
(or discuss this possibility) HF service
'

Re-evaluation
in 3-6 months

Fig. 2. Triage of patients with advanced heart failure (HF) and appropriate timing of referral [9]: ARNI — angiotensin receptor—

neprilysin inhibitor; COPD — chronic obstructive pulmonary disease; CRT — cardiac resynchronization therapy; ICD — implantable

cardioverter-defibrillator; LVEF — left ventricular ejection fraction; NYHA — New York Heart Association; RAS — renin-angiotensin
system; SBP— systolic blood pressure; SCr — serum creatinine.

* >75 years with good functional status apart from HF (mono-organ disease); ** e.g. incurable cancer, dementia, severe COPD
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for objective or subjective reasons, transplantation
is not feasible (see below). Naturally, such devices
must be implanted and administered only in centers
with professionally educated doctors to reduce the
risk of complications (secondary infection, pump
thrombosis, bleeding, thromboembolism, and dys-
function of the device itself), which, despite contin-
uous improvement in technology, remains a serious
problem [9, 24, 77].

The results (patient survival and quality of life)

depend on the correct selection of patients for this
intervention and the type of device chosen. High
survival rates are usually observed among people
under 70 years of age, without diabetes, renal failure
or cardiogenic shock. In carefully selected groups
of patients, implantation of second- or third-gene-
ration continuous axial or centrifugal flow devices
(that are more effective than devices that use pul-
satile pumps) generally provides better results than
optimal drug therapy in patients dependent on ino-

of implantation of circulatory assist devices largely tropes.

Phenotypes in patients with heart failure [9, 24, 57]

Table 3

Phenotype

Time frame for intervention

INTERMACS 1: Critical cardiogenic shock

Patients with life-threatening hypotension despite rapidly escalating inotropic support, critical organ
hypoperfusion, often confirmed by worsening acidosis and/or lactate levels.

«Crash and burny

Definitive intervention needed
within hours: ECLS, ECMO,
percutaneous
support devices

INTERMACS 2: Progressive decline

Patients with a declining function despite intravenous inotropic support, (may be manifested through worsen-
ing renal function, nutritional depletion, and inability to restore volume balance).

Also describes declining status in patients unable to tolerate inotropic therapy.

«Sliding on inotropes»

Definitive intervention needed
within few
days: ECLS, ECMO,
LVAD

INTERMACS 3: Stable but inotrope-dependent

Patients with stable blood pressure, organ function, nutrition, and symptoms with continuous
intravenous inotropic support (or a temporary circulatory support device or both), but
demonstrating repeated failure to wean from support due to recurrent symptomatic
hypotension or renal dysfunction.

«Dependent stability»

Definitive intervention elective
over a

period of weeks to few months:
LVAD

INTERMACS 4: Resting symptoms

Patients can be stabilized close to normal volume status but experience daily symptoms of
congestion at rest or during ADL. Doses of diuretics generally fluctuate at very high levels.
More intensive management and surveillance strategies should be considered, which may
in some cases reveal poor compliance that would compromise outcomes with any therapy.
Some patients may shuttle between 4 and 5.

«Frequent flyer»

Definitive intervention elective
over a

period of weeks to fe\i&months:
LvAD thosein

INTERMACS 5: Exertion intolerant

Patients feel comfortable at rest and with ADL, but are unable to engage in any other activity, living
predominantly within the house. Patients are comfortable at rest without congestive

symptoms, but may have underlying refractory elevated volume status, often with renal
dysfunction. If underlying nutritional status and organ function are marginal, patients may

be more at risk than INTERMACS 4 and require definitive intervention.

«Housebound»

Variable urgency, depends upon
maintenance
of nutrition, organ function, and
activity: LVAD

INTERMACS 6: Exertion limited

Patients without evidence of fluid overload feel comfortable at rest, with ADL and minor

activities outside the home but fatigue after the first few minutes of any meaningful

activity. Attribution to cardiac limitation requires careful measurement of peak oxygen

consumption, in some cases with haemodynamic monitoring to confirm the severity of cardiac impairment.
«Walking wounded»

Variable, depends upon
maintenance of
nutrition, organ function, and
activity
level: LVAD / Discuss
LVAD as option

INTERMACS 7: Advanced NYHA class I11

A placeholder for more precise specification in future, this level includes patients who are
without current or recent episodes of unstable fluid balance, living comfortably with
meaningful activity limited to mild physical exertion.

«Placeholder»

Transplantation or circulatory
support may not currently be
indicated

Note. ADL — activities of daily living; ECMO — extracorporeal membrane oxygenation; NYHA — New YorkHeart Association; ECLS —
extracorporeal life support; ECMO — extracorporeal membrane oxygenation; INTERMACS — Interagency Registry for Mechanically Assisted

Circulatory Reviews and lectures

bionneteHb cMbupckon meanumHbl. 2021; 20 (1): 129-146

139



Kalyuzhin V.V., Teplyakov A.T., Bespalova I.D. et al.

Advanced heart failure

The survival rate after this operation is compa-
rable to the early survival rate after heart transplan-
tation (2-year survival at the level of 76—85%) [9,
24,71, 78].

The main pros and cons of long-term mechanical
circulatory support, formulated by EACTS (Euro-
pean Association for Cardio-Thoracic Surgery) ex-
perts [79], are presented in Table 4.

Severe right ventricular dysfunction (for exam-
ple, in the presence of significant tricuspid regur-
gitation) is usually considered as one of the main
contraindications to implantation of a LV assist de-

vice, but it is not an obstacle to heart transplantation
[24]. If it is predicted that severe right ventricular
dysfunction will be potentially reversible, then tem-
porary (from days to several weeks) extracorporeal
devices for mechanical support of the right ventricle
can be used in addition to an implanted LV assist de-
vice [24]. In patients with irreversible right ventric-
ular dysfunction secondary to left ventricular heart
failure, the use of long-term biventricular mechan-
ical circulatory support (using two implantable /
extracorporeal pumps or a so-called total artificial
heart) should be considered [79—81].

Table 4

Recommendations for evaluation and selection of patients for long-term mechanical circulatory support* [79]

LT-MCS implantation should be considered in patients with the following (Class of recommendation Ila, level of evidence - B):

* New York Heart Association functional class IIIB-IV and
* Ejection fraction <25% and

At least one of the following criteria:

— INTERMACS 2-4**

— Inotrope dependence

— Progressive end-organ dysfunction

— pVO, <12 ml/kg/min

— Temporary MCS dependence

LT-MCS implantation may be considered in patients with (Class of recommendation IIb, level of evidence - B):

* New York Heart Association functional class I[IIB-IV and
« Ejection fraction <25% and a need:

— To reverse elevated pulmonary vascular resistance or potentially reversible renal failure in potential

heart transplant candidates

— To allow time for transplant contraindications to be reversed, such as recent cancer, obesity, and
recovering drug and alcohol dependence in potential heart transplant candidates

Patient characteristics associated with a high risk of poor outcome after implantation of a left ventricular assist device (Class of

recommendation Ila-IIl, level of evidence — B-C):

« LT-MCS in patients with advanced age, after careful evaluation of comorbidities and senile asthenia, should be considered.
* LT-MCS in patients with peripheral vascular disease, depending on its severity, may be considered.

« LT-MCS in patients with active systemic bacterial/fungal infection is not recommended.

* In patients with well-controlled HIV, hepatitis B or hepatitis C, LT-MCS should be considered.

« In patients with diabetes with poor glycaemic control or end-organ complications, LT-MCS may still be considered.

* LT-MCS may be considered in patients with chronic dialysis.

« LT-MCS implantation in patients with haemostatic deficiencies and coagulopathies may be considered.

* LT-MCS implantation in patients with untreated aortic regurgitation or mechanical aortic valve is not recommended.

» LT-MCS in patients with untreated severe mitral stenosis is not recommended.

* LT-MCS implantation in patients with irreversible liver dysfunction, as diagnosed by liver enzyme laboratory tests and the Model of End-

stage Liver Disease score, is generally not recommended.

« In patients with poor neurological and cognitive function, LT-MCS implantation is not recommended.

« Frail patients and patients with limited mobility may be considered for LT-MCS implantation after careful evaluation.

* LT-MCS in patients who are living alone or who are suffering from depression should, after careful evaluation, be considered.
« LT-MCS implantation in patients who suffer from dementia is not recommended.

* LT-MCS implantation in patients with active substance abuse, not willing to cease the abuse, is not reccommended.

* LT-MCS implantation in patients with malignancies may be considered, if expected survival is >1 year.

Note. LT-MCS — long-term mechanical circulatory support; INTERMACS — Interagency Registry for Mechanically Assisted Circulatory
Support; pVO, — peak exercise oxygen consumption; HIV — human immunodeficiency virus.
* It is recommended that reversible causes of heart failure are ruled out; ** Patients with the INTERMACS 3 phenotype will benefit the most

[9].
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Despite the lack of well-organized controlled
studies, the cardiological community is dominated
by the view that heart transplantation at the final
stage of CHF improves survival (1-year survival
rate of about 90% and a median survival rate of 12.2
years), physical performance, and the quality of life
to a much greater extent compared to conventional
treatment, provided that the appropriate selection

criteria are carefully met (the gold standard of treat-
ment for refractory CHF) [9, 82].

Indications for heart transplantation largely coin-
cide with those for long-term mechanical circulatory
support, and the list of contraindications is longer
and includes additional points, such as high pulmo-
nary vascular resistance or transpulmonary pressure
gradient and recently treated cancer [9] (Table 5).

Table 5

Indications and contraindications to heart transplantation [9]

Patients to consider

1. End-stage HF with severe symptoms, a poor prognosis, and no remaining alternative treatment options
2. Motivated, well-informed, and emotionally stable
3. Capable of complying with the intensive treatment required postoperatively

Contraindications 1. Active infection

to establish candidacy)

recurrence)

9. Current alcohol or drug abuse

2. Severe peripheral arterial or cerebrovascular disease
3. Pharmacologic irreversible pulmonary hypertension (LVAD should be considered with a subsequent re-evaluation

4. Cancer (a collaboration with oncology specialists should occur to stratify each patient as to their risk of tumour
5. Irreversible renal dysfunction (e.g. creatinine clearance <30 mL/min)

6. Systemic disease with multiorgan involvement

7. Another serious comorbidity with a poor prognosis

8. Pre-transplant BMI >335 kg/m? (weight loss is recommended to achieve a BMI <35 kg/m?)

10. Any patient for whom social supports are deemed insufficient to achieve compliant care in the outpatient setting

Note. LVAD — left ventricular assist device; BMI — body mass index; HF — heart failure.

If we recall shortage of donor hearts, the problem
of graft rejection, and lack of effective treatment for
coronary artery disease of the transplanted heart, it
becomes clear why the number of patients receiving
permanent mechanical circulatory support is con-
stantly increasing (for example, in Germany alone
in 2016, 1,000 implantations of LV mechanical sup-
port devices were performed). At the same time, the
number of heart transplants in the world has braked
at the level of 1994 (about 5,000 per year) [5, 9, 83].

CONCLUSION

AHF is a form of CHF, progression of which has
reached a stage where traditional evidence-based
therapy becomes ineffective. Patients at this stage
persist with symptoms and signs of severe heart fail-
ure, often accompanied by episodes of acute decom-
pensation that are associated with an adverse prog-
nosis. It is important to raise awareness of this form
of heart failure, since its prevalence in the multilion
population of patients with CHF can reach 10%,

and it requires timely application of advanced treat-
ment methods, such as heart trans- plantation and
mechanical circulatory support and/or transition to
palliative care.
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INTRODUCTION

The causative agent of the infection, a new coro-
navirus SARS-CoV-2, which was previously un-
detected, was identified by Chinese researchers on
January 7, 2020 [1]. On February 11, 2020, the new
coronavirus infection was named COVID-2019
(Corona VIrus Disease 2019), and the virus caus-
ing it was renamed to SARS-CoV-2 (Severe acute
respiratory syndrome coronavirus 2) [2]. The coro-
navirus pandemic in 2020 has potentiated a large
number of studies in the world on the etiopathogen-
esis and clinical and morphological manifestations
of COVID-2019 infection.

CHARACTERISTICS AND PATHOGENESIS
OF COVID-2019

The first stage of the virus life cycle is receptor
adsorption of the viral particle on the surface of the
target cell as a result of specific binding of the first
subunit of the S1 spike protein to the cell receptor.
For SARS-CoV-2, this is the angiotensin-convert-
ing enzyme 2 (ACE2) [3—-10]. The mechanism of
virus-ACE2 binding depends on the cellular serine
protease TMPRSS2 [9, 10].

The ACE gene is characterized by genetic de-
letion/insertion (D/I) polymorphism in intron 16,
which is associated with changes in circulating and
tissue ACE protein concentrations. The D allele
is associated with reduced ACE2 expression. Al-
though ACE2 and ACE have only 42% amino acid
identity, they both act as carboxypeptidases, cleav-
ing the amino acids from the carboxyl end of the
peptides [11]. The D/I polymorphism has significant
geographical differences [12]. J.R. Delanghe et al.
compared the frequency of the D allele of the ACE
gene obtained in 25 different European countries
with the prevalence and mortality of COVID-2019.
The prevalence and mortality from COVID-2019

infection are inversely correlated with the frequen-
cy of the D allele [13].

After receptor binding to the surface of the target
cell, the subsequent stages begin. The receptor-me-
diated endocytosis ends with the penetration of a
viral nucleocapsid into the cytoplasm of the host
cell, where virion RNA acts as an mRNA for the
synthesis of two extended polyproteins ppla and
pplab with a length of about 2,000 and 7,000 amino
acid residues, respectively. The pplab polyprotein
includes ppla and is formed as a result of the ribo-
some ignoring the stop signal in 20-30% of cases
due to a hairpin that displaces the reading frame.
Polyproteins ppla and pplab do not exist in the cell
as single molecules and are cotranslationally cut by
proteases into 16 non-structural (i.e., not part of the
virion) proteins that regulate further replication and,
in particular, transform the folds of the endoplasmic
reticulum into a kind of “factory” for the later stages
of virus replication.

One of the most important non-structural pro-
teins is RNA-dependent RNA-polymerase (RdRp),
which synthesizes a complementary virion strand of
negative-sense RNA, which, in turn, acts as a ma-
trix for synthesis of genomic RNAs that will enter
daughter virions. In addition, RdRp synthesizes a
series of subgenomic negative-sense RNAs (sgR-
NAs) on a genomic RNA matrix with a chain break
and its transfer to the 3’-end of the matrix, as a result
of which all sgRNAs in this series have the same 5’
and 3’ flanks and central parts of varying degrees of
nesting in each other. After that, sgRNAs are used
as a matrix for synthesis of positive-sense subge-
nomic matrix RNAs, from which structural proteins
are read. Assembly of daughter virions occurs in the
endoplasmic reticulum, and they then leave the host
cell by exocytosis [14-17].

Previously, several proteins that can interact
with the SARS coronavirus nucleocapsid protein
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(SARS-CoV) had been identified. Glycoprotein
a-2-Heremans-Schmid (AHSG), required for mac-
rophage deactivation by endogenous cations, was
associated with inflammatory process regulation.
Rs2248690 variant of the AHSG gene (AOR, 1.63;
95% CI, 1.30-2.04) was associated with suscepti-
bility to atypical pneumonia. Rs2248690 affects the
transcriptional activity of the AHSG gene promoter
and, thus, regulates the level of AHSG in the blood.
The AA 152268690 genotype, which leads to a high-
er concentration of AHSG protein in the blood, is
protective for the development of SARS [18].

The site of entry of the pathogen SARS-CoV-2
is the epithelium of the upper respiratory tract and
epithelial cells of the stomach and intestines. The
initial stage of infection is the penetration of SARS-
CoV-2 into target cells that have ACE2 receptors,
which are represented on the cells of the respirato-
ry tract, kidneys, esophagus, bladder, ileum, heart,
and central nervous system. However, the main
and quickly achievable target is the alveolar cells
of type II (AT2) in the lungs, which determines the
development of pneumonia. The role of CD147 in
SARS-CoV-2 cell invasion was also discussed [19].

The pathogenesis of coronavirus infection be-
gins with colonization and destruction of upper
respiratory tract epithelial cells by coronavirus.
With insufficient immunity, the process passes to
the alveoli and is accompanied by the destruction
of the surfactant, excessive exudation, and a drastic
decrease in gas exchange. In patients who had the
disease, type-specific immunity develops and the
affected areas of the alveolar walls are replaced with
connective tissue [20].

CLINICAL FEATURES OF COVID-2019

Clinical variants and manifestations of
COVID-2019 are acute respiratory viral infection
(only the upper respiratory tract lesion); pneumonia
without respiratory failure; pneumonia with acute re-
spiratory failure; acute respiratory distress syndrome;
sepsis and septic (infectious-toxic) shock [19]. At the
same time, more than 30% of patients develop hy-
poxemia (SpO2 is less than 88%) [19]. COVID-2019
can have various manifestations, ranging from no
symptoms or mild illness to severe pneumonia [21].

Clinical symptoms of COVID-2019 are fever (in
87.9% of those seeking medical help), usually low-

grade temperature (up to 37.5 °C in 56.2%); respi-
ratory symptoms, such as cough (67.7%); in severe
cases, shortness of breath (18.6%) and symptoms of
intoxication: fatigue and weakness (38.1%), head-
ache (13.6%), dyspepsia (5%) and diarrhea (3.7%).
The most frequent manifestations of severe cases
are pneumonia (76%) and hypoxia (38%) [22].

Clinical forms of COVID-2019 are the follow-
ing: asymptomatic (1-3% of cases); mild (with only
upper respiratory tract damage); moderate (pneumo-
nia without respiratory failure); severe (pneumonia
with respiratory failure, respiratory rate (RR) > 30
per minute, saturation < 93%, Pa0,/ FiO, oxygen-
ation index < 300, or the appearance of infiltrates
in the lungs in the form ground-glass opacity, oc-
cupying more than 50% of the lungs within 2448
hours); and very severe (critical) form (pneumonia,
sepsis, septic shock, multiple organ failure).

Approximately 10-15% of mild and moderate
cases (81-82% of all infected patients) develop into
severe ones [23]. About 15-20% of severe cases be-
come very severe. A group of high-risk mortality
from COVID-2019 should include elderly patients
with concomitant diseases, especially with cardio-
vascular system damage [24]. In patients over 60
years of age, more severe clinical manifestations,
greater severity, and a longer course of the disease
were detected compared to patients under 60 years
of'age [21].

The morphological substrate of COVID-2019
infection is diffuse alveolar damage. The virus caus-
es increased permeability of cell membranes and in-
creased transport of albumin-rich fluid to interstitial
lung tissue and alveolar lumen; thus, interstitial and
alveolar edema develops. In this case, the surfactant
is destroyed, which leads to the collapse of the al-
veoli. Acute respiratory distress syndrome (ARDS)
develops following drastic gas exchange distur-
bances [25-27]. ARDS is very often confirmed in
fatal cases of human SARS-CoV-2 infection [28].

Stages of ARDS development are the following.
The exudative (acute) stage is manifested through
alveolar type I cell damage, increased alveolar-cap-
illary membrane permeability, interstitial and alveo-
lar edema, and filling of the alveoli with leucocytes,
red blood cells, and products of damaged cells (al-
veolar flooding, impaired function and production
of endogenous surfactant). The second stage pro-
liferative (subacute) with alveolar type II cell dam-
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age, fibroblast migration in the alveolar exudates,
proliferation of alveolar type II cells, and reduction
of lung edema. The third stage is a fibroproliferative
(chronic) phase with oblit- eration of the alveoli and
advanced fibrosis of the pulmonary parenchyma.

BIOCHEMICAL AND MOLECULAR GENETIC
ASPECTS OF COVID-2019

Genetic susceptibility and inflammatory cyto-
kines have been shown to be associated with ARDS.
More than 40 genes, especially ACE2, IL-10, TNF,
and VEGF, are closely associated with ARDS de-
velopment [29]. Elevated blood levels of interleu-
kin-6 (IL-6) and interleukin-8 (IL-8) were shown to
be associated with an adverse ARDS outcome [30].

It was demonstrated that rapid virus replication
and cell damage caused by the virus down-regula-
tion of ACE2 and antibody buildup are responsi-
ble for aggressive uncontrolled lung inflammation
caused by SARS-CoV-2 [31]. The beginning of rap-
id replication of the virus can lead to the mass death
of epithelial and endothelial cells, causing exces-
sive production of proinflammatory cytokines and
chemokines. Research data show that SARS-CoV-2
infection increases markers of inflammation, such as
CRP, IL-6, IFNy, and TNFa [32, 33, 34], which is
assumed to be facilitated by a sustained inflammato-
ry response and cytokine storm [35, 36].

It was found that patients infected with
COVID-2019 have high blood levels of IL1-, [FNy,
IP10, and MCP-1, which probably results in activat-
ed responses of type 1 helper cells (Thl). In addi-
tion, patients requiring hospitalization have higher
concentrations of GCSF, IP10, MCP-1, MIP-1a,
and TNFa than patients who do not require hospital-
ization, suggesting that the cytokine storm is associ-
ated with the severity of the disease. COVID-2019
infection also initiates increased secretion of type 2
helper (Th2) cytokines (for example, IL-10), which
suppress inflammation [33]. To characterize the ef-
fect of coronavirus on cytokine and chemokine pro-
duction in the acute phase of the disease, the blood
levels of cytokines and chemokines in patients who
were confirmed to have COVID-2019 were ana-
lyzed. These data were compared in patients in the
intensive care unit (ICU) and patients with a milder
form of the disease (comparison group) [33]. Blood
cytokines and chemokines (IL1-B, IL1-RA, IL-2,

IL-4, IL-5, IL-6, IL-7, IL-8 (CXCLS), IL-9, IL-10,
IL-12 p70, IL-13, IL-15, IL-17A, eotaxin (CCL11),
FGF2, GCSF(CSF3), GMCSF (CSF2), IFNy, IP10
(CXCL10), MCP-1 (CCL2), MIP-1a (CCL3), MIP-
1B (CCl4), DGFB, RANTES (CCL5), TNFa, and
VEGFA) were measured using the 27-PLEX panel
for human cytokine analysis of the Bio-PLEX200
system (Bio-Rad, Hercules CA, USA). Blood sam-
ples were also taken from 4 healthy people as a
control for cross-comparison. It was shown that
the initial concentrations of IL-1-B, IL-1RA, IL-
7, IL-8, IL-9, IL-10, FGF, GCSF, GMCSF, IFNy,
P10, MCP-1, MIP-la, MIP-1B, PDGF, TNFa
and VEGF were increased both in ICU patients
and in the comparison group, as opposed to the
controls. Blood levels of IL-5, IL-12, p70, IL-15,
eotaxin, and RANTES (CCL5) were the same in
healthy individuals and in patients infected with
COVID-2019. Further comparison between ICU
patients and comparison group showed that blood
concentrations of IL-2, IL-7, IL-10, GCSF, IP10,
MCP-1, MIP-1a and TNFa were higher in ICU pa-
tients than in the comparison group [33]. J. Lei et
al. showed that patients infected with COVID-2019
had increased neutrophils, proinflammatory cyto-
kines, C-reactive protein, D-dimer,and ESR in the
blood [37].

Although the mechanism of heart damage is
not fully described, there is evidence documenting
the effect of COVID-2019 on the cardiovascular
system. Thus, a study by C. Chen et al. confirmed
that among a group of patients (n = 120) with
COVID-2019, there was an increase in troponin (n
=12, 10%) and NT-ProBNP (n =33, 27.5%), which
indicated myocardial damage [38]. Two studies of
patients in critical condition demonstrated that 23%
(n = 12) of people developed myocardial damage
[39], and 33% (n = 7) of patients developed car-
diomyopathy [40]. In a study of 138 patients with
COVID-2019, 10 patients (7.2%) were diagnosed
with acute myocardial damage based on an increase
in highly sensitive cardiac troponin I (hs-cTnl), and
8 of them were admitted to the ICU [41]. In anoth-
er retrospective study, cardiac troponin I (cTnl)
was significantly elevated in 33.3% of severe and
100.0% of critical patients [42]. C. Huang et al. and
co-authors also identified an increase in the num-
ber of COVID-2019 patients with acute myocardial
damage and critical conditions leading to ICU ad-
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mission [33]. It was also shown that the mortality
rate from COVID-2019 pneumonia was significant-
ly higher among patients with cardiovascular or
cerebrovascular diseases, which contributed to high
mortality in these patients [43].

An increase in the biomarkers of myocardial ne-
crosis in patients with COVID-2019 can provide
predictive information for assessing the progres-
sion of the disease and the development of adverse
events. Since some of the biomarkers are not speci-
fic to the myocardium, an increase in these indica-
tors in the blood during the development of adverse
events in COVID-2019 patients may reflect damage
not only to the myocardium but also to other vital
organs or tissues. Thus, in a study of 99 patients
with COVID-2019, 75 patients had an increase in
the lactate dehydrogenase level, and 13 patients
had an increase in creatine kinase [44]. Elevated
levels of lactate dehydrogenase were also shown
in other studies of patients with laboratory-con-
firmed COVID-2019 [22, 32]. Renal dysfunction
in patients with COVID-2019 was expressed by in-
creased levels of urea and creatinine [41, 45], which
was associated with direct exposure to the virus and
hypoxia.

Increasing evidence suggest that abnormal bio-
chemical processes in the liver are closely related
to the severity of COVID-2019. A study of a co-
hort of 1,099 patients with COVID-2019 showed
that 39.4% of individuals had AST >40 U /1 and
28.1% of individuals had ALT >40 U /1, and most
of the patients had a severe course of the disease
[22]. In another multicenter retrospective study
involving 32 patients, the average levels of ALT,
AST, and bilirubin in the blood of severe and cri-
tical patients were significantly higher than in the
controls [46]. ALT and AST levels in the blood of
patients in severe and critical cases were signifi-
cantly higher than in mild and moderate cases in
other studies [33, 41, 47-49]. According to some
data [45, 49], about a quarter of the deceased pa-
tients had elevated levels of procalcitonin. It was
shown that an increased procalcitonin level (more
than 0.5 pg / 1) was associated with a fatal out-
come (93% probability). Other authors demon-
strated that the procalcitonin level was usually
within normal values upon admission to the hos-
pital but might increase in patients admitted to the
ICU [33, 41, 44].

A retrospective analysis of 99 patients with
COVID-2019, held in Wuhan Jinyintan hospital,
showed that 36% of patients had increased D-di-
mer, 16% — a decrease in activated partial throm-
boplastin time (APTT), 6% — in increase in APTT,
30% — shortened prothrombin time (PT) and
30% — an increase in PT [44]. A retrospective anal-
ysis of routine parameters of the coagulation sys-
tem in 183 patients with COVID-2019 showed that
fibrin degradation products (FDP) and D-dimer in
the blood of non-survivors were significantly higher
than in survivors, whereas PT and APTT were sig-
nificantly prolonged [50]. A retrospective analysis
of 138 patients with COVID-2019 also confirmed
that blood levels of D-dimer increased after admis-
sion to the hospital [41].

Previous studies demonstrated that elevated
D-dimer is an independent risk factor for acute
respiratory distress syndrome and mortality in pa-
tients with COVID-2019 [48]. Analysis of literature
data shows that patients with a severe course of the
disease than in patients with mild COVID-2019 [32,
45, 48, 49]. In a series of cases from China, an in-
crease in the concentration of D-dimer in the blood
during hospitalization (> 1 pg / ml) was associated
with the risk of in-hospital mortality, which was 18
times higher than among patients with normal D-di-
mer concentrations [49].

It is reported that COVID-2019 should be con-
sidered as a disease that leads to increased thrombo-
sis, and it is even proposed to rename COVID-2019
to MicroCLOTS (microvascular COVID-2019
lung vessel obstructive thromboinflammatory syn-
drome). The authors suggest that in predisposed
people, viral alveolar damage is followed by an in-
flammatory reaction and microvascular pulmonary
thrombosis. This progressive endothelial throm-
bo-inflammatory syndrome can also affect the mi-
crovascular bed of the brain and other vital organs,
leading to multiple organ failure and death [51].

It was found that severe coronavirus disease
can be complicated by coagulopathy, namely dis-
seminated intravascular coagulation, which is quite
prothrombotic in nature with a high risk of venous
thromboembolism. The incidence of venous throm-
boembolism among patients with COVID-2019 in
the ICU is high. D-dimer level can help in early
recognition of these high-risk patients, as well as in
prediction of the outcome. Preliminary data show
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that in patients with severe COVID-2019, antico-
agulant therapy appears to be associated with lower
mortality in a subpopulation that meets the criteria
for sepsis-induced coagulopathy, or with a mar-
kedly elevated D-dimer. Recent recommendations
suggest that all hospitalized COVID-2019 patients
should receive thromboprophylaxis or full antico-
agulant therapy if such indications are present [52].
It is also advisable to use thromboprophylaxis in pa-
tients with confirmed coagulation system activation
(increased concentration of D-dimer in the blood)
upon admission [53].

A number of studies demonstrated a possible link
between human leukocyte antigen (HLA) polymor-
phismand SARS-CoV susceptibility. HLA-B*4601,
HLA-B*0703, HLA-DRB4*01010101, HLA-DR
B1*1202, and HLA-Cw*0801 are associated with
a genetic predisposition to SARS-CoV infection.
A possible protective effect was observed for se-
veral other HLA alleles, including HLA-Cw*1502
and HLA-DRBI1*0301. Genetic variation of HLA
A, B, and C, may affect the sensitivity and severity
of SARS-CoV-2. It was found that HLA-B*4601
has the smallest number of predicted peptides
binding SARS-CoV-2, it is likely that individu-
als with this allele may be particularly vulnerable
to COVID-2019 [54]. HLA-B*1503 demonstrated
the greatest ability to represent highly conserved
SARS-CoV-2 peptides that are common to hu-
man coronaviruses, suggesting that it may provide
cross-protective T-cell-based immunity.

Individual genetic variations can help explain
different immune responses to the virus in a popu-
lation. Determining the type of HLA with simulta-
neous testing for COVID-2019 can improve assess-
ment of the severity of the disease in patients. After
developing a vaccine against the SARS-CoV-2 vi-
rus that causes COVID-2019, people with high-risk
HLA types may have priority for vaccination [55].
In addition to HLA polymorphism, SARS-CoV and
MERS-CoV infection susceptibility is also correlat-
ed with mannose-binding lectin (MBL) gene poly-
morphism associated with antigen presentation [56].

A group of researchers from the University of
New York identified three signs indicating likely
(70-80%) development of acute respiratory distress
syndrome and pneumonia: the presence of myalgia,
increased hemoglobin levels, and a slight increase
in alanine aminotransferase [57].

Researchers at Wuhan University claim that
the role of red blood cells in the pathophysiology
of COVID-2019 is underestimated. The coefficient
of variation in the width of the distribution of red
blood cells (RDW) is a predictor of the severity of
the condition [58]. According to the new data [59],
the SARS-CoV-2 virus is able to secrete non-struc-
tural proteins ORF1lab, ORF10, and ORF3a, which
easily penetrate the cell membrane of the red blood
cell and displace the bivalent iron atom from the
porphyrin core of the beta chain of the hemoglobin
molecule. A single iron atom is able to transport 4
molecules of oxygen. Thus, destruction of hemo-
globin inside the red blood cell takes place The re-
leased iron ion contributes to further oxidation of
organic molecules. Microhemolysis and hemolytic
anemia occur. The authors attribute the occurrence
of respiratory failure primarily to the resulting he-
moglobin deficiency and oxidative damage initiat-
ed by iron ions and hemolysis. In addition to these
three non-structural proteins that displace iron from
the porphyrin core, the surface glycoprotein of the
virus and the protein ORF8 can bind to the heme,
which further strengthens the hemolytic potential
of the virus. Excess porphyrins in red blood cells
can accelerate cell lysis and development of hemo-
lytic anemia [60]. It is hypothesized that critical
COVID-2019 patients may experience a form of ac-
quired acute porphyria [61]. Iron settles in the lung
tissues, catalyzing oxidative processes and fibrosis
[61, 62].

In a meta-analysis of 9 publications containing
data from 1,779 COVID-2019 patients, mild throm-
bocytopenia (140 x 101, an average decrease by
31 x 10°/1) was observed in patients with a more
severe course and was associated with a risk of
mortality and severe complications with a five-fold
relative risk (OR 5.1) [63]. In the deceased patients,
there was an even more pronounced decrease in
the number of platelets (123 x 10° /1, decrease by
48 x 10°/1).

Z. Varga et al. presented data indicating that
SARS-CoV-2 infection contributes to the induction
of endotheliitis in several organs as a direct conse-
quence of the virus (noted in the presence of viral
bodies) and an inflammatory response of the host.
In addition, induction of apoptosis and pyroptosis
may play an important role in endothelial cell dam-
age in patients with COVID-2019 [64].
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Due to the dominance in the pathogenesis of
acute distress syndrome and pneumonia caused by
COVID-2019, oxygen delivery disorders associated
with intra-erythrocyte and microcirculatory disor-
ders, intravascular coagulation, erythrocyte hemo-
lysis, microthrombosis in lung vessels and intaral-
veolar fibrin formation, endotheliitis, the clinical
and laboratory presentation fits into the framework
of chronic hemolytic microthrombovasculitis and
secondary chronic disseminated intravascular coag-
ulation (DIC) syndrome.

Rs12252-C/C single-nucleotide polymorphism
in the [FITM3 gene (interferon-induced trans-
membrane protein 3) is a risk factor for severe
influenza and was also detected in a patient with
COVID-2019. Interferon-induced transmembrane
protein-3 of the rs12252-C genetic variant is associ-
ated with disease severity in COVID-2019. Homo-
zygotes for the rs12252 allele in the /FITM3 gene
are associated with a more severe course of the dis-
ease depending on age. This confirms the role of
IFITM3 in the pathogenesis of the disease and the
possibility of early targeted intervention in high-
risk individuals [65]. Susceptibility to the develop-
ment of pulmonary fibrosis after COVID-2019 may
also have a genetic component [66—68].

Molecular genetic studies of patients who
have undergone COVID-2019 of varying severi-
ty can reveal host body features that explain why
some patients carry the disease asymptomatical-
ly or in a mild form, while other patients are in a
critical condition [69]. The causative agent of the
COVID-2019 pandemic outbreak, SARS-CoV-2,
is a member of the Coronaviridae family of shell
viruses with a single-stranded (ss) RNA genome
[70]. SsSRNA viruses are recognized by the host’s
immune system, its first line of defense, through
innate pattern recognition (PRR) receptors, such
as Toll-like receptor 7 (TLR7), which is a primary
sensor for extracellular or endosomal structures of
virus-derived nucleic acids.

Gender differences in TLR7 responses were re-
ported for people: female individuals are able to
better tolerate hepatitis C, which is also typical of
COVID-2019 [71-73]. When binding viral nucle-
ic acid motifs, TLR7 induces expression of type |
IFNs (IFN-a and IFN-B) and expression of the re-
cently described type III IFNS family (IFN-A1-4).
Type III IFN is activated during viral infection of

the lung and liver epithelium [74]. It was shown that
common genetic variations of the germ line at the
locus of the type III /FN gene determine the host’s
ability to cope with infection caused by the hepatitis
C virus (HCV), a type of ssRNA virus that is tropic
to liver epithelial cells. It is assumed that one of the
possible variants is a dinucleotide polymorphism
in the /FML4 gene (rs368234815/rs11322783 [TT/
GG]), which determines the host’s ability to encode
the functional protein IFN-A4 [75].

The knockout variant TT of the /FNL4 gene is
favorable for destroying the virus and resolving the
infection, presumably by deactivating the control
mechanism of IFNa-desensitizing action that antag-
onizes the effectiveness of IFNa [76]. In the world,
the frequency of favorable knockout variant TT is
0.841, 0.689, and 0.293 among Asian, European,
and African populations, respectively. People of
different populations may differ in their susceptibil-
ity to other RN Aviruses, not just to hepatitis C. The
study of genetic predictors of disease severity will
reveal new targets for intervention against SARS-
CoV-2 and COVID-19 infection.

Several international online platforms have
been created to concentrate the genetic data of pa-
tients obtained by different groups of researchers
(https://covid19-hpc-consortium.org; https://www.
covid19hg.org/; https://bigd.big.ac.cn/). Platforms
involve the exchange of data for their comprehen-
sive analysis.

CONCLUSION

Despite the fact that the lung is the main organ
damaged by the virus, COVID-2019 is currently
considered a systemic disease affecting a wide range
of other vital organs, such as the heart, liver, and
kidneys [46, 77, 78]. However, it remains largely
unclear whether organ and tissue damage in patients
with COVID-2019 is a direct or indirect conse-
quence of viral infection. The clinical features and
prognosis of the disease differ in patients of different
ages, which can help clinicians worldwide establish
risk stratification for all patients with COVID-2019.
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ABSTRACT

Bronchial asthma (BA) and obesity are common diseases with a tendency to a steady and progressive increase in
the number of patients. A combination of these diseases is one of the major problems of modern medicine, requiring
close attention due to a decrease in the quality of life, poor control over the course of the primary disease, and an
increase in the frequency and duration of hospitalization. The association between asthma and obesity is obvious.
However, detailed mechanisms underlying it require further investigation. In the last decade, in the formation of
the phenotype of BA combined with obesity, much attention has been paid not only to the immune, but also to the
neurogenic mechanisms of inflammatory response. It is known that the functioning of all parts of the nervous system
can be controlled by neurotrophic growth factors due to their ability to influence many signaling mechanisms.
Currently, there is evidence that neurotrophic factors are involved in the pathogenesis of bronchopulmonary and
metabolic diseases. The review is devoted to detailed investigation of the mechanisms of neurogenic inflammation
in obesity and asthma with participation of neurotrophic factors that may play a significant role in the formation of
the obese—asthma phenotype. The study of new mechanisms involved in the pathogenesis of asthma and obesity
will make it possible to find common therapeutic targets for this asthma phenotype.
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PE3IOME

BponxuansHas actma (BA) 1 oxupeHne SBISIOTCS IIUPOKO PACTIPOCTPAHEHHBIME 3200JICBAaHUSMHE C TEHACHIHEH K
HEYKJIOHHO IIPOTPECCHPYIONIEMY yBENNUSHHMIO Ynciia 00abpHbIX. CodeTaHHOE TeUeHHe JaHHBIX 3a001eBaHui mpe-
CTaBIIsIET COOOM OJIHY M3 CEPhEe3HBIX MPOOIEM COBPEMEHHOCTH, TPEOYIOIINX MPHUCTAIFHOTO BHUMAHUS B CBSI3H CO
CHIDKEHHEM KadeCTBa XKH3HH, yXyAIIEHHEM KOHTPOJISI TE€Y€HHsI OCHOBHOTO 3a00JI€BAHMS, TIOBBIIICHUEM JaCTOTHI
U JUINTENBHOCTH rociuTann3anui. Ecian B3anMocBs3p Mexkay BA 1 oxupeHneM o4eBHIHA, TO JeTaln3aIys JaH-
HBIX MEXaHH3MOB HAaXOIUTCS B CTAAWH m3ydeHHs. B mocnennee necstunetne B popmupoBannu (erorumna BA,
COYETaHHOM C OJKHPEHUEM, IPUCTAIFHOE BHUMAHHE YACISACTCS HE TOJTbKO NMMYHHBIM, HO M HEHPOT€HHBIM MeXa-
HHU3MaM BOCTIAUTENBHOM peaknuu. V3BecTHO, 9TO KOHTPONIb HaJ (PyHKIIMOHMPOBAHHEM BCEX OTJEIIOB HEPBHOU
CHCTEMBI CIIOCOOHBI OCYHIECTBIIATh HEMpoTpodryueckne GakTopsl pocTa Oraromapst UX CIOCOOHOCTH BIUATH Ha
MHOKECTBO MEXaHM3MOB CHTHaNM3anuy. B HacTosmiee BpeMss UMEIOTCsl JaHHBIE 00 yJacTHn HeHpoTpohHIecKnx
(hakTOpOB B mMaToreHe3e OPOHXOJETOYHBIX U METa0ONINIecKuX 3a0o0aeBanuit. Q030D MOCBSIICH NETATH3AUH Me-
XaHW3Ma HEHPOTCHHOTO BOCIIANICHUS MPU OKUPEHHH U BA ¢ ydacTneM HeipoTpodudeckux (pakTopoB, KOTOPHIE
MOTYT UTPAaTh CYIIECTBEHHYIO poiib B popmupoBannu GpeHoruna BA, coueranHoii ¢ oxxuperneM. M3ydeHue HOBBIX
MEXaHI3MOB, BOBJICUCHHBIX B MaTorene3 bA m 0xupeHHs1, HO3BOINT HAUTH O0IIHE TeparneBTHIeCKHe MUIIESHH TS

nmarHOTO (peHoTHna BA.

KawueBble ciioBa: o)xUpeHre, OpOHXHATBHAS aCTMa, HEUPOTPOPHUECKHE HaKTOPBI.

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKaNKeil HACTOSIICH CTaThH.

Hcrounuk puHAHCHPOBaHMSA. ABTODHI 3asBIAIOT 00 OTCYTCTBUHM (UHAHCHPOBAHHUSL.

Jast uutupoBanms: Keirukosa O.10., Hosropoauesa T.I1., Aurontok M.B., I'Bozaenko T.A. Poinb Heiiporpo-
(udeckux (HhakToOpoB pocta B MaTo(GU3NOIOTHU OPOHXUAILHON acTMbI, COYCTAHHOU C OXKHPEHUEM. broiemens
cubupcroii meouyuns. 2021; 20 (1): 158-167. https://doi.org/10.20538/1682-0363-2021-1-158-167.

ASTHMA AND OBESITY

Asthma is a widespread disease with a tendency
to a steady increase in the number of patients, which
is a serious medical and social problem. Globally,
about 300 million people suffer from asthma, which
accounts for 4-8% of the world population [1]. The
number of asthma patients in the world is expect-
ed to increase to 400 million within the next five
years. High prevalence of this pathology is associ-
ated with a decrease in the quality of life of patients,
difficulties in controlling the symptoms of the dis-
ease, and high treatment costs [2]. According to the
International Primary Respiratory Group (IpCRg),
one of the reasons for the lack of asthma control is
the presence of concomitant pathology, in particular
obesity [3].

According to M. Ng et al., more than 600 mil-
lion adults are obese (BMI > 30 kg / m?) and about
2.1 billion are overweight (BMI > 25 kg / m?) [4].
It is predicted that obesity will be diagnosed in
18% of working age population by 2025 [5]. The
growing prevalence of obesity and overweightness
[6] is observed in both developed and developing
countries [7], which harms the global economy.

The prevalence of adult obesity has increased from
15.1% in 1980 to 20.7% in 2015; the prevalence of
childhood obesity has increased from 4.1% to 4.9%
over the same period. In 2015, 417,115 deaths and
14,448,548 disability-adjusted life years (DALYSs),
years of life changed or lost due to disability, asso-
ciated with obesity were registered, which accounts
for about 10% of the total number of deaths and
6.3% of DALY's among people of all age groups [8].
Despite the progress in studying the etiopathogene-
sis of obesity and development of new approaches
to its treatment, this pathology remains one of the
most serious modern problems that resulted in the
World Health Organization (WHO) statement on
the need to stop the pandemic by 2025 [9].
Overweightness and obesity occur twice more
frequently in asthma patients than in the general
population [10]. Asthma associated with obesity is
one of the urgent medical and social problems re-
quiring particular attention because of a decrease
in the quality of life of patients, poor control over
the course of the primary disease, and an increase in
the frequency and duration of hospitalization [11].
A close relationship between obesity and asthma
allows to consider their combination not only as a
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comorbid condition but also as an independent phe-
notype of the disease [12]. This relationship is obvi-
ous; however, detailed mechanisms underlying it are
still being studied [13]. Several concepts have been
proposed to explain the existing relationship [14].
The leading ones are immunological and hormonal
concepts revealing the role of systemic inflamma-
tion in obesity in the pathogenesis of asthma [15,
16]. At the same time, there has been a growing in-
terest in the role of the nervous system in the patho-
physiology of these diseases and its contribution to
development of the obese-asthma phenotype.

In the vast majority of cases, asthma is an aller-
gic disease and the immune system plays an impor-
tant role in its development. A relevant and pro-
mising direction of modern research is the study of
the neurogenic component of the inflammatory re-
sponse in this pathology and the role of the nervous
system in the development of allergic reactions in
asthma [17, 18]. Bidirectional communication be-
tween neurons and immune cells was detected. An
imbalance in the immune-neuronal communication
results in the initiation of neurogenic inflammation.
The immune system activates sensory neurons,
thereby mediating bronchial hyperresponsiveness,
while the interaction between neurons and immune
cells results in the development of Th2-mediated
immune response [19, 20].

There is increasing evidence that the associa-
tion between obesity and neurological disorders af-
fects both the peripheral (PNS) and central (CNS)
nervous systems [21]. One of the new research
directions is focused on studying the neural regu-
latory mechanism of metabolism in the white adi-
pose tissue [22, 23]. Adipose tissue hormones are
responsible for energy homeostasis in the body;
therefore, excessive fat accumulation leads to im-
pairment of metabolic processes in various or-
gans and tissues [15, 24]. Obesity is associated
with the development of non-insulin-dependent
(type 2) diabetes [25], metabolic syndrome [26],
neuropathy [27], and several other diseases. Using
a mouse model of diabetic neuropathy (leptin-de-
ficient BTBR ob/ob mouse) [21], the role of dysli-
pidemia accompanying obesity in the development
of nervous system dysfunction was demonstrated
[28]. Metabolic inflammation in CNS was observed
in high-fat diet-induced obesity models [29]. The
increased expression of microglia and astrocyte

markers in the brain was demonstrated [30]. The
same diet-initiated inflammation in the hypotha-
lamus during the first day had persisted for a long
period [31]. Currently, metabolic inflammation is
being studied in close connection with neurological
disorders in obesity [32—-34].

Following the presented data, it is clear that the
study of new mechanisms in the pathophysiolo-
gy of asthma and obesity will make it possible to
find promising therapeutic targets for treatment of
asthma associated with obesity. Neurotrophic fac-
tors (NTFs) control the functioning of all parts of
the nervous system due to their ability to modulate
many signaling mechanisms [35]. Currently, there
is evidence that neurotrophic factors are involved
in the pathogenesis of neurodegenerative, skin,
cardiovascular, psychiatric, bronchopulmonary,
and metabolic diseases. Detection of neurotrophins
and their receptors in the lungs attracted great at-
tention of researchers to the study of their role in
asthma pathophysiology [36, 37]. The involvement
of NTF-signaling in the innervation of airways, epi-
thelium, and smooth muscles as well as its presence
in immune cells was established. A large body of
data emphasizes the key role of sensory neurons in
NTF-mediated bronchial hyperresponsiveness. At
the same time, studies on the role of neurotrophic
factors in the pathophysiology of obesity are few
and focused mainly on their role in maintaining en-
ergy balance [38].

The review is devoted to detailed investigation
of the mechanism of neurogenic inflammation in
obesity and asthma with the participation of neu-
rotrophic factors that can play a significant role in
the development of asthma associated with obesity.

NEUROTROPHIC GROWTH FACTORS

Neurotrophic factors are a large group of poly-
peptide compounds. These factors play an im-
portant role in the development and functioning
of the central and peripheral nervous systems, as
well as the immune system. NTFs are involved in
regulation of cell growth and differentiation by ac-
tivating mitogen-activated protein kinases (MAP
kinases).

Neurotrophic factors include several families
and biomolecules with common properties. The
main classification system is based on amino acid
sequence homology of neurotrophic factors and in-
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cludes four families (neurotrophins, the CNTF (cil-
iary neurotrophic factor) family, the MANF (mes-
encephalic astrocyte-derived neurotrophic factor)
family, and the GDNF (glial cell line-derived neu-
rotrophic factor) family). However, there are dif-
ferences in the existing classification among some
authors, which makes it possible to differentiate a
larger number of families and biomolecules that
also belong to neurotrophic factors [39].

Neurotrophins are the neurotrophic growth fac-
tor family that include neurotrophin-3 (NT3), neu-
rotrophin-4/5 (NT4/5), brain-derived neurotrophic
factor (BDNF), and nerve growth factor (NGF).
The family of ciliary neurotrophic factors, or neuro-
kines (neuropoietic cytokines), includes CNTF, leu-
kemia inhibitory factor (LIF), interleukin-6 (IL-6),
cardiotrophin-1, cardiotrophin-2, prolactin, growth
hormone, leptin, interferons-o/f/y, and oncosta-
tin M. The MANF family includes MANF (argi-
nine-rich, mutated in early-stage tumors (ARMET))
and cerebral dopamine neurotrophic factor (CDNF).

Another family of neurotrophic growth factors
is called glial cell line-derived neurotrophic fac-
tors (GDNF-family ligands) and includes GDNF,
neurturin (NRTN), artemin (ARTN), and persephin
(PSPN). There is a family of neurotrophic factors
that consists of epidermal growth factor (EGF),
neuregulin, and transforming growth factors alpha
and beta (TGFa and TGFp). The ephrin family con-
tains several members (ephrin A1, A2, A3, A4, AS,
B1, B2, and B3).

In addition, some biomolecules were also iden-
tified as neurotrophic factors, such as insulin-like
growth factor-1/2 (IGF1/2), vascular endotheli-
al growth factor (VEGF), fibroblast growth factor
(FGF), platelet-derived growth factor (PDGF), in-
terleukin-1, -2, -3, -5, -8 (IL-1, -2, -3, -5, -8) and a
number of others.

This review summarizes the available literature
data on neurotrophins, the most studied family of
neurotrophic growth factors, and describes their
role in the pathophysiology of asthma and obesity.
Special attention is paid to insulin-like neurotrophic
factors, the role of which in asthma and obesity is
being actively studied today in connection with the
emergence of new data on the mechanisms of their
action. Based on analysis of the available literature
data, it was shown that further study of neurotroph-
ins and insulin-like neurotrophic growth factors is

promising as a therapeutic target in asthma associ-
ated with obesity.

THE FAMILY OF NEUROTROPHINS AND
THEIR ROLE IN THE PATHOPHYSIOLOGY
OF ASTHMA ASSOCIATED WITH OBESITY

Neurotrophins (NTFs) are ligands for high-affi-
nity protein tyrosine kinase receptors (TrkA, TrkB,
TrkC) that interact with the low-affinity non-tyro-
sine kinase receptor p75SNTR. The p75NTR recep-
tor belongs to TNF receptors. The interaction of
NGF with this receptor induces apoptosis at certain
stages of cell development. Other functions of NTFs
are realized through protein tyrosine kinase recep-
tors. The Trk receptors impact on survival, differ-
entiation, and functional properties of neurons. In
particular, the TrkB receptor initiates phosphoryla-
tion processes, which leads to an increase in synap-
tic plasticity. Each of the receptors interacts with a
specific site of the neurotrophin molecule triggering
a respective signaling cascade [40].

Neurotrophins are produced by smooth muscle
and neuroendocrine cells of the lungs. Therefore,
NTFs can be involved in the asthma pathogenesis
both through interaction with Trk receptors and
through an alternative pathway modulating allergic
inflammation and airway dysfunction by influen-
cing airway innervation.

In addition to the known effect of neurotrophins
on the nervous system, a wide range of regulato-
ry effects of these growth factors on the immune
system are described in the literature [35]. Immune
cells synthesize NTFs that can bind to receptors ex-
pressed by the same cells, influencing the activity
of immune system cells through autocrine and / or
paracrine interactions [39]. Several types of im-
mune cells (including dendritic cells, mast cells, eo-
sinophils, macrophages, and T and B lymphocytes)
are the main source of NTFs in the development of
inflammation, in particular, allergic inflammation in
asthma.

It is known that CD4" and CD8* T lymphocytes
express NGF, BDNF, and their receptors. NTFs and
their receptors are also found on T helper 1 and T
helper 2 cells. It was shown that B lymphocytes syn-
thesize NGF and NT3. Macrophages were reported
to have the ability to produce NGF, BDNF, and
NT4. It was found that monocytes are able to ex-
press protein tyrosine kinase receptors (TrkA), and
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polymorphonuclear eosinophils in the bone marrow
produce TrkB and TrkC receptors. Eosinophils can
not only express neurotrophin receptors but also can
store these mediators. The exposure to the allergen
from bronchoalveolar lavage fluid (BALF) was ac-
companied by an increase in NTF receptor expres-
sion on eosinophils. In addition, members of the
NTF family have the ability to increase the viability
of endobronchial eosinophils [40]. Therefore, NTFs
not only play an important role in the functioning of
the central and peripheral nervous systems, but also
have an immunoregulatory effect in allergic disea-
ses, in particular, asthma.

Brain-derived neurotrophic factors

BDNF is produced by epithelial cells, smooth
muscle cells, sensory neurons, and some immune
cells, such as T cells, macrophages, and mast cells
[36,40]. BDNF stimulates growth of neurons, axons,
and dendrites and affects cell apoptosis. The ac-
tion of this factor is mediated by the ERK signal-
ing pathway (mitogen-activated protein kinase
(MAPK) signaling pathway), which is named after
ERK (extracellular signal-regulated kinase), the
central MAP-kinase, and PI3K/AKT/mTOR signa-
ling pathway, the components of which are enzymes
phosphoinositide 3-kinase (PI13K), AKT, and mTOR
kinases, that are responsible for proliferation of
smooth muscle cells [41]. It was shown that BDNF
interacts with TrkB and p75NTR receptors. TrkB
expression was found on CD45" lymphocytes, mast
cells, alveolar type 2 cells, and eosinophils [42].

Trigger factors of bronchopulmonary diseases
increase BDNF expression by smooth muscle cells
[43]. The expression of this factor was found in the
airway epithelium [42]. The elevated expression of
BDNF is observed in asthma [44], which suggests its
involvement in the processes of bronchial remode-
ling and hyperresponsiveness. It was established
that patients with severe asthma have higher levels
of mature BDNF isoforms [45]. V. Aravamudan
et al. found that type 2 cytokines can regulate the
BDNEF level in asthma [40]. The relevance of further
study of BDNF effects in the airways is undoubted.

The neurotrophic activity of BDNF and its role
in inflammation, metabolism, and pathogenesis of
cardiometabolic diseases are summarized by the
term “triact” that explains the interactions between
the brain, the immune system, and the adipose tissue

[46]. There is evidence that the level of this factor is
closely associated with increased body weight, obe-
sity, type 2 diabetes, and development of metabo-
lic syndrome [47]. Under experimental conditions,
it was demonstrated that the elevation of BDNF
level improves metabolic regulation by influencing
insulin sensitivity in hepatocytes and the function
of pancreatic beta cells [48]. It was found that de-
creased activity of BDNF and its TrkB receptor in
the hypothalamus leads to a significant increase in
body weight in rodents [49]. However, some results
indicate a complex and contradictory relationship
between obesity and BDNF levels in children [50].
According to L. Sandrini et al., obesity is not as-
sociated with lower circulating BDNF levels [51].
It should be noted that the mechanisms of the de-
velopment of neurological disorders in obesity are
not completely understood. New strategies targe-
ted at BDNF are being developed for treatment of
obesity, diabetes, and neurological disorders [52]. It
was shown that therapeutic interventions aimed at
increasing BDNF expression can have a beneficial
effect on the metabolic function, thereby improving
neurocognitive parameters in patients with obesity
or type 2 diabetes [53]. Obviously, BDNF may be
a promising therapeutic target in asthma associated
with obesity.

Neurotrophin-3 and neurotrophin-4

Recently, much attention has been paid to the
role of NT3 and NT4 in the pathophysiology of
bronchopulmonary diseases. Mast cells and eos-
inophils synthesize NT3. Alveolar macrophages
constitutively express NT3 and produce BDNF and
NGEF in response to allergic stimuli, while intersti-
tial macrophages constitutively express only BDNF.
The NT4 factor is involved in the innervation of the
lungs [42]. The TrkB receptor has the highest af-
finity for NT3 and NT4. The TrkC receptor is only
activated by NT3. Both NT3 and BDNF, acting
through TrkB and TrkC, are able to induce nitric
oxide production, thereby facilitating bronchodila-
tion. Patients with asthma exhibit an increased NT3
level in BALF [42, 54]. In a rodent model of al-
lergic asthma, it was demonstrated that the use of
NT3 results in switching from noncholinergic in-
nervation to cholinergic one [55]. At the same time,
the role of NT3 and NT4 in obesity as well as their
contribution to the pathophysiological mechanism
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of development of asthma associated with obesity
has not been studied.

Nerve growth factors

NGEF is one of the most studied members of the
protein family of neurotrophic factors. The TrkA
receptor has the highest affinity for NGF. The pre-
sence of p75NTR is necessary to increase the af-
finity of TrkA for neural growth factor. This factor
is synthesized by astrocytes and has a neurotrophic
effect. In addition to the ability of NGF to stimulate
the survival of neurons and their repair after damage
described by R. Levi-Montalcini [56], it is involved
in the control of the main cellular processes, such as
oxidative stress, apoptosis, and neurogenesis. Data
are indicating that NGF regulates the survival and
activity of immune cells, fibroblasts, cardiomyo-
cytes, epithelial cells, mast cells, and adipose tissue
cells [57], which makes the study of its role in the
pathophysiology of asthma and obesity relevant.

The results of experimental studies carried out
on rodent models indicate the relationship between
the enhanced NGF level and the development of
allergic inflammation. For example, exposure to
tobacco smoke was accompanied by an increase
in NGF expression [58]. Asthma patients are cha-
racterized by an elevated NGF level [59] that cor-
relates with the level of eosinophils, the main effec-
tor cells in this pathology [60]. There is evidence
of a simultaneous increase in the number of mast
cells and NGF levels in chronic inflammation [61].
NGF is produced by both CD4" and CD8" T lym-
phocytes. Under experimental conditions, the role
of NGF in modulating the balance of Th1 and Th2
responses of T cells in asthma was shown [62]. En-
hanced NGF secretion by Th2 cells was identified,
which may be directly related to allergic asthma.
In addition, NGF is involved in airway remodeling
in asthma [59]. Genomic studies revealed the rela-
tionship between NGF, rs6330, and TrkA rs6334 in
asthma patients [54].

It should be noted that the role of NGF in the
pathophysiology of chronic inflammation in asthma
remains to be investigated. The modulation of NGF
level affecting the activity of immune cells will
make it possible to correct intersystem relationships
in asthma. It is one of the topical research fields fo-
cused on the search for a new strategy for treating
this pathology.

Recent study results have shown that the levels
of two neurotrophic factors, NGF and BDNF, are
altered in cardiometabolic diseases (atherosclero-
sis, obesity, type 2 diabetes, metabolic syndrome).
These observations have underlain the hypothesis
of metabotropic deficiency of NGF/BDNF that
plays an important role in the pathogenesis of car-
diometabolic diseases [38, 46]. The concept of NGF
metabotrophicity is based on the fact that two neu-
rotrophic factors, NGF and BDNF, can act as me-
tabotrophins due to their involvement in maintai-
ning cardiometabolic homeostasis [38].

The data presented above confirm that further
studies on the role of these factors in the develop-
ment of asthma associated with obesity are required.

THE ROLE OF INSULIN-LIKE
NEUROTROPHIC FACTORS IN THE
PATHOPHYSIOLOGY OF ASTHMA
ASSOCIATED WITH OBESITY

The system of insulin-like neurotrophic factors
includes ligands (IGF-1 and IGF-2), high-affinity
proteins (IGFBP 1-6) that bind them, and receptors.
This hormonal network is involved in the processes
of cell proliferation, differentiation, and apoptosis.

IGF-1 synthesized by hepatocytes is the most im-
portant mediator of the biological action of growth
hormone. IGF-1 is one of the proinflammatory me-
diators involved in the pathogenesis of various dis-
eases, in particular metabolic disorders, inflamma-
tory bronchopulmonary pathology, and lung cancer
[63, 64]. The expression of IGF-1 signaling com-
ponents was observed in the cells of the respiratory
tract, smooth muscles, lung parenchyma, and in al-
veolar macrophages. H. Lee et al. demonstrated that
IGF-1 and IGFBP-3 signaling pathways contribute
to the pathogenesis of asthma [65]. The mechanism
of action of corticosteroids in asthma therapy ap-
pears to be associated with inactivation of IGF-1/
IGF-1R signaling [66, 67]. Due to the existing rela-
tionship between IGF-1 and Th2 and Th17 cells in-
volved in asthma pathogenesis, the immunoregula-
tory role of IGF-1 in this pathology is being actively
studied [68]. S.R. Kim et al. showed that IGFBP-3
reduces allergic inflammation and airway hyperres-
ponsiveness in asthma by inhibiting IGF-1 activity
[69]. The role of IGF-1/IGF-1R in the regulation of
phagocytic activity of airway cells in asthma was
revealed [70].
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IGF-1 has an insulin-like metabolic effect and
does not affect lipolysis or lipogenesis. In contrast
to insulin, the biological activity of IGF is regulated
by high-affinity binding proteins that influence the
metabolic homeostasis and can directly participate
in the molecular regulation of insulin signaling.
Currently, IGFBP-1 and IGFBP-2 are considered
as biomarkers and promising therapeutic targets
in obesity and diabetes [71]. Therefore, this proin-
flammatory mediator can be a novel promising tar-
get for therapeutic measures in asthma associated
with obesity.

CONCLUSION

Asthma and obesity are common diseases and a
combination of these diseases is one of the press-
ing global problems because of the decrease in the
patients’ quality of life and the increase in the fre-
quency and duration of hospitalization. Detailed
mechanisms underlying the relationship between
these diseases and a pathogenetic target for their
effective therapy have been actively studied. In the
last decade, along with the immune component of
the inflammatory response, attention of researchers
has been focused on studying the role of the neuro-
genic component in the pathophysiology of asthma
associated with obesity.

Over the past 30 years, the role of neurotrophic
growth factors has been to the largest extent stud-
ied in diseases of the nervous system, and a search
for a potential therapeutic target is extremely urgent
at present. At the same time, NTFs are expressed
by many cells and involved in the pathogenesis of
bronchopulmonary and metabolic diseases. There-
fore, these factors can play a significant role in the
development of asthma associated with obesity.
However, there are few research works regarding
the role of neurotrophic factors in the pathophys-
iology of asthma and obesity; moreover, there are
no data on their contribution to the development of
asthma associated with obesity. We hope that this
review will draw attention to the complex relation-
ship between neurotrophins, nerve, and immune
cells in respiratory diseases, in particular, asthma
associated with obesity.
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The possibility of using radiology modalities in the diagnosis of crystalline
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ABSTRACT

A review of current techniques of instrumental and laboratory diagnosis of crystalline arthropathies is presented.

Advantages and disadvantages of various methods of diagnostic radiology and diagnostic radiologic criteria
employed in primary and differential diagnosis of crystal deposits are discussed in relation to their etiology and
clinical peculiarities. It is proven from a wide pool of published studies that the method of ultrasonic diagnosis
is the most available one, has no contraindications, and demonstrates the best sensitivity and specificity in the
diagnosis of crystalline arthropathy.
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[Tokxa3aHo, 4TO METOA YJIbTPa3ByKOBOIl THArHOCTHKHU 00J1aJaeT BHICOKOH YyBCTBUTENBHOCTBIO M CHELM(PUIHOCTHIO
B IMarHOCTHKE KPUCTAJUIMUYECKUX apTPOIaTUH.

Bsenenue B JAUArHOCTUYCCKYIO IIPAKTUKY YJIbTPAa3ByKOBOI'O ME€TOAA UCCIICAOBaHMS IMO3BOJIUT 3HAYUTECIIBHO ITOBLI-
CUTH TOYHOCTb JUAIrHOCTUKHU KaJ'ILIII/Iq)I/IKaTOB C MOCICAYIOIIUM CBOCBPEMEHHBIM Ha3HAYCHUEM JieueOHON U apo-
(bHJ'[aKTH'{CCKOfI TaKTUKU NMallUCHTaMH1 C JJaHHBIM THUIIOM apTpuTa, a HOBBII Ha60p JAUarHoCTUYCCKUX KPUTEPHCB
MIPUMEHUTEIIBHO K YJILTPAa3ByKOBOMY HUCCJICJOBAHWUIO B apTPOJIOTUN MOKET CII0co0CTBOBATh ﬂaﬂbHeﬁIHeMy IIOBbI-
MICHUIO TOYHOCTU AUArHOCTUKHU KPUCTAIIIMYCCKUX aprOHaTHfI.

Kuirouessie ciioBa: Y3, paguosnorus, KpucTauIMYeCKUE apTPONaTHH, IOJarpu4ecKuil apTpuT, TUIpOKCHAIATUT-
Hasi apTponartus, nupodocdaTHas apTPONATHSI.

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HWHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HaCTOSIIEH CTaThH.

Hcrounuk ¢punancupoBaHus. ABTOPBI 3asBIISIIOT 00 OTCYTCTBUU (PUHAHCUPOBAHMSI.

[ uuruposanusi: Muponos M.IL., 3aBanosckas B. /1., 3opkansueB M.A., Kypaxos A.Il., @omuna C.B., [1lymnb-
ra O.C., Xoruna T.B., IlepoBa T.5b. Bo3M0oXHOCTH TpPHUMEHEHHUS JTy4EBBIX METOJOB MCCIECIOBAHUS B JUArHO-
CTHKE KPUCTAIUTMYECKUX apTponaTuii. bromiemens cubupckou meouyunst. 2021; 20 (1): 168—177. https://doi.org/

10.20538/1682-0363-2021-1-168-177.

INTRODUCTION

Joint diseases are the most common pathology
of the musculoskeletal system, leading to disability
among all age groups of the population [1]. Rheu-
matic diseases with joint damage include such no-
sological forms as rheumatoid arthritis, psoriatic
arthritis, and reactive arthritis. Lesions of the joints
of the peripheral skeleton belong to a large group
of spondyloarthritis. Most rheumatic diseases (RD)
affect the structures of the human musculoskeletal
system and, thus, significantly reduce the quality of
life and limit opportunities for active social life [2].

According to the American Rheumatology Soci-
ety, the distinction of up to 200 nosological units of
rheumatic pathology is justified [3]. Older persons
are most susceptible to metabolic and degenerative
rheumatic diseases. About 40% of people over the
age of 70 suffer from osteoarthritis, and 25% of
them cannot tolerate daily physical activity. More
than half of patients with rheumatoid arthritis are
unable to work within 10 years after the onset of
the disease, and 80% of them constantly experience
severe pain, significantly impairing the quality of
their life [1].

Timely diagnosis of early arthritis is a serious
problem of modern rheumatology. Among patients
with rheumatic diseases who sought medical care
for the first time, 41% of cases were incorrectly di-
agnosed with rheumatic diseases at the outpatient
stage. Only in 49% of patients, the diagnosis was
confirmed after a specialist examination [2].

Another problem is high cost of managing pa-
tients with RD. This is determined by the comple-
xity and high cost of research methods, as well as the
need for long-term and sometimes lifelong treatment
of many, especially young, patients using expensive
conservative, surgical methods, sanatorium-resort,
and social and psychological rehabilitation.

The nature of pathological changes, their local-
ization and prevalence, and the patterns of involve-
ment of different groups of joints provide a differen-
tial diagnosis between various rheumatic diseases.

A special place in the list of joint diseases is oc-
cupied by crystalline arthropathies due to the com-
plexity of diagnosis and the peculiarities of the clin-
ical presentation. Arthropathies include a group of
diseases characterized by deposition of microcrys-
tals of various chemical composition in the joints
and periarticular tissues. The main nosological
forms of inflammatory polyarthritis associated with
the deposition of crystal structures are gout (depo-
sition of urate crystals), pyrophosphate arthropathy
(deposition of calcium pyrophosphate crystals), and
hydroxyapatite arthropathy (deposition of hydroxy-
apatite crystals) [1, 3].

THE MAIN NOSOLOGIES OF
INFLAMMATORY POLYARTHROPATHIES

Gout (gouty arthritis) is a chronic progressive
joint disease characterized by disruption of purine
metabolism and increased content of uric acid in
the blood, followed by monosodium urate depo-
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sition in the tissues and formation of gouty tophi
surrounded by fibrovascular tissue. Gouty tophi are
painless nodular formations ranging from 5 mm to
10 cm. The period of their formation from the onset
of the disease is 5—6 years. The prevalence of gout
is 3.9% in the US, 10.9% in France, 1.4-2.5% in
the UK, 1.4% in Germany, and 3.2-6.1% in New
Zealand [3].

The formation of gouty tophi in the articular and
periarticular tissues is accompanied by the deve-
lopment of gouty arthritis (gouty arthropathy). Re-
current acute mono- or oligoarthritis of the joints of
mostly the lower extremities — the metatarsophalan-
geal joint of the 1st finger and the interphalangeal
joint of the 3rd finger, dominates in the clinical pre-
sentation of gouty arthritis. This does not exclude
the involvement of other small and large joints of the
peripheral (hand, knee, shoulder, elbow, ankle, and
hip joints) and axial (sacroiliac joints, spine joints)
skeleton in the process, with rapid development of
acute pain syndrome, reaching its maximum within
6—12 hours, and subsequent chronic pain syndrome.

With a chronic course, damage to target organs,
in particular, kidneys, progresses with the develop-
ment of chronic renal failure. In the absence of treat-
ment, the attack-free periods are shortened, arthritis
attacks become more frequent, their intensity and
duration increase, and “new” joints get involved.

During visual examination, attention is drawn
to hyperemia and hyperthermia of the skin in the
joint area, pain upon palpation, and formation of
protruding areas at the tophus level [4]. Prolonged
exposure of the underlying structures to tophi leads
to damage to the soft tissue structures of the joint,
articular hyaline cartilage, and the underlying bone
tissue. Periarticular and intraarticular tophi affect
the formation of erosions — marginal destructions,
usually with clear external contours.

A standardized and fundamental method of de-
tecting erosions is radiography, which has limita-
tions in early diagnosis of diseases of the joints. Ra-
diographic signs of gout appear in the late chronic
period, usu ally no earlier than 6 years [5] after the
onset of the disease, and are almost always present
in patients with subcutaneous tophi.

Hydroxyapatite crystal deposition disease
(HADD) is a disease of unknown origin, character-
ized by joint pain syndrome in combination with the
deposition of hydroxyapatite crystals in the periar-

ticular tissues, mainly in the tendons, joint capsules,
sacs, and synovial membrane.

There are primary (idiopathic) and secondary
calcium-hydroxyapatite arthritis. The latter devel-
ops in chronic renal failure, diffuse diseases of the
connective tissue, and after traumatic injuries. Cal-
cinosis of individual tumors is also hydroxyapatite
crystal deposition.

The most common localization of the deposition
of hydroxyapatite crystals is the shoulder joint, less
often the femur (large trochanter), the elbow joint,
the wrist and knee joints, as well as the joints of
the hand, foot, and lumbar spine. Hydroxyapatite
arthropathy can affect the tendons of other muscles,
such as the gluteus medius or the thigh muscles.
The deposition of crystals often occurs at a distance
of 1 cm from the place where the tendons attach to
the bones. Calcifications of various sizes and shapes
can be deposited in articular sacs and capsules.

The disease is more common in middle age, more
often in men, and proceeds according to both mono-
and oligoarthritis pattern [6]. It may occur acutely
or have a chronic recurrent character. It is charac-
terized by soft tissue edema and limited mobility in
the affected joints. An asymptomatic course of the
disease is also possible.

Visualization or detection of calcifications is
crucial in determining the cause of the pain syn-
drome. The most sensitive in detecting calcifica-
tions in the tendons and ligaments are radiological
methods, such as plain radiography and computer
tomography (CT).

Calcium pyrophosphate dihydrate crystal
deposition disease (CPPD crystal deposition dis-
ease, pseudogout or pyrophosphate arthropathy) is
an inflammatory joint disease of the mono-or oli-
goarthritis type with acute, subacute, and chronic
course. It is the third most prevalent after rheuma-
toid arthritis and gout among inflammatory arthritis.
The frequency of CPPD crystal deposition disease
increases with age [7].

The development of CPPD crystal deposition
disease is accompanied by the formation and depo-
sition of calcium pyrophosphate dihydrate crystals
(CPPD) in the joints and resulting inflammation [8],
pseudogout forms of inflammatory arthritis, [9] and
a possible asymptomatic course of the disease [10].
The most commonly affected joints are the knee
joints, followed by the joints of the upper extremi-
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ties, the hip joint, and the joints of the foot, as well
as the pubic symphysis [11].

The clinical presentation of CPPD crystal depo-
sition disease is often similar to that of gout (pseu-
dogout) with a longer period of development and
less pronounced pain syndrome. At the same time,
hyperthermia, hyperemia, swelling, and concretion
of soft tissues may occur in the area of the affected
joint. An acute attack of CPPD crystal deposition
disease may be accompanied by fever.

The chronic course is characterized by a less
pronounced clinical picture, rare involvement of
the metacarpophalangeal joints in the pathological
process, the absence of extra-articular symptoms,
and morning stiffness. Against the background of
a chronic disease course, acute attacks may occur
as well.

With a complicated course, a destructive (rheu-
matoid-like) form of the disease may appear, re-
quiring differential diagnosis with all erosive ar-
thropathies, as well as with pseudo-neuropathic
arthropathy, characterized by an increased sen-
sitivity to palpation and the absence of obvious
neurological symptoms. Rheumatoid-like and
pseudo-neuropathic forms present a significant di-
agnostic problem.

In an acute attack, especially with monoarthritis
of a large joint, septic arthritis can develop in some
cases. In these cases, it is important if the patient had
similar attacks in the past. Besides, the absence of
“septic” changes in the blood, the noticeable effect
of antibiotics, and characteristic changes on X-ray
images are essential. The appearance of acute sy-
novitis should always lead to the consideration of
septic arthritis as a differential diagnosis.

METHODS OF INSTRUMENTAL
AND LABORATORY DIAGNOSTICS

The leading place in the diagnosis of crystalline
arthropathies is occupied by radiation methods of
investigation, which include radiography, tomo-
graphic methods (CT and magnetic resonance im-
aging (MRI)), and ultrasound. The features of vi-
sual manifestations of certain forms of crystalline
arthropathies are determined by the chemical com-
position of the crystals.

Computed tomography. Urate crystals, which
lead to the formation of gouty tophi, are non-radi-
opaque in gouty arthritis, so in radiography and CT,

bone changes at the site of tophus deposition have
the form of erosion — marginal lytic destruction with
clear contours. In gouty arthropathy, erosions have
a rounded or oval shape are of various sizes and are
accompanied by a periosteal reaction in the form of
a thin rim of bone density surrounding the soft-tis-
sue structure of the tophus completely or partially.

Large expansion and severity of intra-articular
tophi, as well as long duration of the process lead to
widespread extensive destruction of the adjoining
articular surfaces. With para-articular localization
of the tophus, the usual width of the articular fissure
is maintained for a long time, since its deposition
at the level of the hyaline cartilage does not occur
simultaneously over its entire surface. In case of
violation of calcium metabolism, calcified inclu-
sions can be visualized in the tophi.

Small bone defects may resemble erosions in
rheumatoid arthritis, psoriatic arthritis, calcium py-
rophosphate arthropathy, or cysts that do not have
specific manifestations. When using single-energy
CT, gouty tophi look like low-density bone defects
with more accurate (compared to radiography) de-
termination of the prevalence, localization, nature
of the periosteal reaction, and calcified inclusions in
disrupted calcium metabolism in tophi.

In the last decade, dual-energy CT (DECT), a
modified computed tomography based on the use of
low- and high-energy X-rays (80 and 140 kV) to
obtain images of various types of tissues, has been
used in clinical practice.

Registration of the difference in the attenuation
of the X-ray beam by urates and trabeculae, supple-
mented by color coding of urates and calcium in the
joints and surrounding tissues, allows for the iden-
tification of urate salts in vivo with high accuracy,
regardless of their size and localization.

DECT provides a qualitative and quantitative as-
sessment of monosodium urate crystals and shows
good sensitivity and specificity in predicting gout
compared to the synovial fluid analysis. The sensi-
tivity of the method is 85-100% and the specificity
is 83-92% [12, 13].

Deposits of hydroxyapatite crystals and calci-
um-pyrophosphate crystals in Aydroxyapatite ar-
thritis and calcium-pyrophosphate arthritis are
accompanied by the formation of chondrocalcino-
sis, so X-ray methods are highly sensitive in their
detection. In radiography, chondrocalcinosis (CC)
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manifests itself in the form of point and linear ar-
eas of calcification in the projection of hyaline and
fibrocartilage. Typical sites of calcification include
the fibrous tissue of the the knee joint meniscus, the
triangular fibrocartilage disc of the wrist joint, the
temporomandibular joint disc, and the interverte-
bral disc.

Radiography is still a popular method in detec-
tion of chondrocalcinosis. At the same time, the
prevalence and localization of chondrocalcino-
sis are being discussed in publications. Therefore,
A. Abhishek et al. (2012) conducted an X-ray study
of the knee, hip, and hand joints among a represen-
tative group of 3,170 volunteers [14]. Signs of CC
were detected in 428 (13.7%) people. The most fre-
quent localization of CC was the knee joint (8%).
At the same time, its fibrocartilage was affected
more often (88.5%) than hyaline cartilage (55%).
It was more often affected in lateral (89.1%) than
medial (74%) aspects.

The prevalence of CC in the wrist joint was 6.9%,
in the hip joint — 5%, in the pubic symphysis —
3.6%, and in the meta carpophalangeal joint — 1.5%.
The age of the patient did not correlate with the lo-
calization of CC in the hyaline cartilage compared
to the fibrocartilage.

Radiologically, crystalline deposits are visua-
lized as structureless areas of induration, varying in
size and density. Periarticular calcifications have a
linear, triangular, rounded, or oval shape and are lo-
calized according to the place of tendon attachment.
Large tumor-like areas of calcification occur in pa-
tients with chronic renal failure or diffuse connec-
tive tissue diseases.

In osteoarthritis, the prevalence of calcification
deposits in the tissues of the ankle joint is 51.3%
[15], in the shoulder join — 98.9% [16], in the hip
joint—96.6% [17], and in the knee joint —4.3—100%
[17, 18]. Computed tomography has high sensitivi-
ty and specificity in the diagnosis of joint tissue cal-
cification. In the work of M. Devyani et al. (2014)
using single- and dual-energy CT, the presence of
CPPD crystals in several structures of the knee joint
was demonstrated [19].

In 2013, S. Touraine et al. performed a high-res-
olution CT on 68 knee joints (34 pairs of joints)
from postmortem donors with an average age of 84
years. The results showed calcified fibrocartilage in
34% and calcified hyaline cartilage in 21% of the

knee joints [20]. This study also revealed a high
prevalence of CPPD deposits in the periarticular
tissues of the tibia.

A broader CT study of the knee joints in a group
of 608 patients conducted in Japan demonstrated
a clear correlation between the presence of CPPD
crystals and the depth of cartilage degeneration in
the knee joint, confirming the opinion that crystal
deposition is associated with cartilage thinning [21].
However, the reasonability of using this modality
due to the presence of radiation exposure, its cost,
and the issues of CT accuracy requires additional
research aimed at justifying the availability of this
method in the diagnosis of crystalline arthropathies
(or in the CC detection) [22].

Magnetic resonance imaging. Among crys-
talline arthropathies, MRI is highly informative in
the diagnosis of gout based on the visualization of
both heterogeneous, mainly the hypo-intensive T2
WI and FSat tophus, and fibrovascular tissue sur-
rounding tophus, clearly visualized after contrast
enhancement. However, MRI is rarely used to visu-
alize crystals in other crystalline arthropathies (hy-
droxyapatite and calcium-pyrophosophate arthrop-
athies) due to the fact that the crystal structures do
not generate a signal.

The use of MRI as an imaging method in condi-
tions associated with the deposition of CPPD crys-
tals often leads to misdiagnosis [23]. The insensi-
tivity of MRI to the detection of calcified crystals
in the cartilage tissue was confirmed by the study of
B. Dirim et al. (2012). It showed that 75% of CPPD
crystal deposits were missed when using MRI with
a field strength of 1.5 T in the study of the cadaveric
knee joint [24]. In this regard, it is justified to con-
duct a greater number of studies to determine the
possibilities of MRI diagnostic methods in crystal-
line arthropathies for using the techniques in routine
diagnostic practice.

Light methods of investigation (light micros-
copy, polarized light microscopy, phase-contrast
microscopy) are currently the standard in the detec-
tion of CPPD crystals in the synovial fluid in the
diagnosis of patients with CPPD [25]. In CPPD,
crystals can be detected in the synovial fluid even
in a previously non-inflamed joint, which is also a
characteristic feature of gout. On the one hand, the
phenomenon of the formation and persistence of
crystals in the joints is extremely stable and does
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not depend on the stage and period of the disease.
On the other hand, CPPD crystals have weak re-
fraction or do not refract the light at all [26]. This
means that they are poorly visualized and require
more experience and time (looking at a minimum of
30 fields of view), and sometimes special calcium
coloring. A prerequisite for the visualization of
CPPD crystals is their high concentration in the sy-
novial fluid. A low concentration of CPPD crystals
in the synovial fluid can lead to a negative result,
due to the difficulty of detecting them in a single
sample of synovial fluid.

Ultrasound diagnostics. To date, there is no
doubt about the relevance of ultrasound in arthro-
logy as a non-invasive and safe method, which
hashigh informative value and is a valuable diag-
nostic tool for the accurate assessment of intra-ar-
ticular and para-articular structures involved in a
wide range of rheumatic diseases in adults and chil-
dren [27]. In the modern literature, the issues of
ultrasound diagnostics in the study of RA patients
are widely covered and include assessment of the
thickness and nature of synovial vascularization,
the state of the state of synovial tissue in chronic
arthropathies, and the activity of the inflammatory
process [7, 23, 28-32].

Along with the indicated field of ultrasound use
in arthrology, the literature data of the last decade
indicate the increasing role of ultrasound in the di-
agnosis of crystalline arthropathies and high diag-
nostic effectiveness of the method in detecting small
crystal deposits [7, 23, 28-32]. Ultrasound imaging
of tissues is based on acoustic resistance of tissues
with their reflection of ultrasound and formation
of an image of the object under study as acoustic
reflections. This makes it possible to better diffe-
rentiate the crystalline bodies from the surrounding
tissues (hyaline cartilage, synovial fluid, etc.) due
to the greater number of acoustic signals reflected
from them [32].

In gouty arthropathy, ultrasound is used not
only to determine intra-articular exudate, which is
noted in various phases of the disease, but also to
visualize the tophi and clarify the condition of the
hyaline cartilage. Tophi in ultrasound imaging are
characterized as heterogeneous, mainly hyperecho-
ic formations, which may be surrounded by a more
hypoechoic surface rim. Additionally, the signs of
gout include a hyperechoic surface of the hyaline

cartilage, in contrast to the localization of the hyper-
echoic line in the thickness of the articular cartilage,
which occurs in calcium-pyrophosphate arthropa-
thy [33].

Ultrasound can visualize hyperechoic point
and linear areas in the projection of soft tissues,
the snowstorm sign in the synovial fluid due to
the presence of small, rounded particles of diffe-
rent echogenicity, as well as bone erosion [33]. The
fibrovascular tissue surrounding the inflammatory
process results in the presence of color loci when
using Doppler color flow mapping.

High accuracy of ultrasound in the detection of
gouty tophi is described in the work of M. Gruber
et al. (2013) [31]. A study of 21 patients with clin-
ical suspicion of chronic or acute gout in 37 joints
showed a comparable sensitivity of DECT (67.6%)
and ultrasound (64.7%).

Different variants of the visual pattern of cal-
cified intraarticular and para-articular structures
according to ultrasound data in hydroxyapatite
and calcium-pyrophosphate arthropathies were de-
scribed [7, 28, 34-36].

Thus, in patients with hydroxyapatite arthropa-
thy, four morphological forms of tendon calcifica-
tion were identified: arc-shaped (a hyperechoic arc
with clear acoustic shadowing), nodular (a single
hyperechoic focus without an acoustic shadow),
fragmentary (two or more hyperechoic foci with or
without acoustic shadowing), fragmented and cystic
(hyperechoic band with anechoic or low-echogenic
content) [36]. The nodular, fragmented, and cystic
forms are associated with the acute symptomatic
phase of calcific tendinitis, while the arc-shaped
form is more consistent with the chronic or asymp-
tomatic phase [36].

For visualization of CPPD deposits in the study
of patients with calcium-pyrophosphate arthropa-
thy, A. S. Ellabban et al. (2011) proposed the fol-
lowing ultrasound criteria. Criterion I: thin hyper-
echoic bands parallel to the surface of the hyaline
cartilage; criterion II: a “point pattern” consisting of
several thin, glittering hyperechoic areas; criterion
III: homogeneous hyperechoic nodular or oval de-
posits, often mobile, localized in the articular sacs
and recesses [37].

In the same study, the results of ultrasound of
60 patients with exudate in the knee joint showed
the following. Criterion II was detected in 30 pa-
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tients (criterion II alone — in 21 patients, and in
combination with criterion I and/or criterion III —
in 9 patients), criterion III alone was detected sep-
arately in 2 patients. Criterion II was identified in
all 18 patients with signs of CC of the wrist joint,
which makes it the most common one. On ultra-
sound, CPPD deposits are represented by hypere-
choic inclusions with clear acoustic shadowing with
a diameter of >10 mm. However, the appearance of
acoustic shadowing is possible at the early stage of
the disease with a crystal diameter of up to 2-3 mm.

When visualizing CPPD deposits, criterion II is
most often found inside the cartilage tissue or ten-
dons of the joint [38]. Moreover, ultrasound has
demonstrated successful detection of CPPD crystals
in periarticular tissues that were not radiologically
visualized [39].

In the course of the conducted studies, the ul-
trasound method showed fairly high sensitivity and
specificity (from 60-85% to 90.6—100%, respec-
tively [29, 30, 34, 37, 40], as well as successful
identification of the criteria for CPPD deposit oc-
currence [34, 37]. However, the sensitivity of ul-
trasound to detect CPPD varied depending on the
structure under study, ranging from 34% (tendon)
to 80% (hyaline cartilage).

Low sensitivity in detecting calcifications at the
tendon level is probably determined by late involve-
ment of these structures in the pathological process.
[35]. In addition, low sensitivity of ultrasound to the
visualization of calcinates in tendon tissues may be
associated with their high echogenicity or late in-
volvement in the pathological process [35].

The sensitivity indicators for detecting chondro-
calcinosis ranged from 55-81% for hyaline carti-
lage and up to 68—100% for fibrocartilage. The best
diagnostic results were achieved when the cartilage
tissue itself was visualized in more than one joint.

CPPD deposits on the surface of the hyaline car-
tilage can imitate the “double contour” (in the form
of an additional band of increased echogenicity) of
uric acid deposits in gout [41, 42]. Since this pat-
tern is considered the most specific sign of gout, it
is necessary to conduct more studies to improve the
accuracy of ultrasound diagnostics in the visualiza-
tion of crystal structures in gout in order to establish
a specific nosological form of joint damage [43].

The values of sensitivity and specificity of ultra-
sound also depend on the reference method used in

the study. Thus, the use of knee cartilage biopsy as
a reference method resulted in lower sensitivity and
specificity of ultrasound results, which may be ex-
plained by the presence of too small CPPD crystals
in the tissue. [7].

In the last decade, ultrasound elastography
has been introduced into clinical practice, particu-
larly for cirrhotic liver lesions.

Quasi-static ultrasound elastography is based on
the assessment of the elasticity of tissues by com-
paring images before and after their compression.
The possibilities of the method vary depending on
how the mechanical stress in the tissues is crea-
ted (by static or dynamic compression), and on the
method of result evaluation. The method shows
high efficiency in the study of superficially locat-
ed organs, especially the mammary and thyroid
glands [44].

Shear wave elastography (dynamic elastogra-
phy) is based on the use of transverse waves, as
opposed to longitudinal waves emitted by sensors
in traditional ultrasound diagnostics. The method is
used in the diagnosis of cirrhosis and pronounced
fibrotic changes in the liver, although it cannot be
considered reliable for detecting the onset of the
pathological process. A serious disadvantage of the
method is the inability to obtain a two-dimensional
picture with sufficient resolution [44].

Indications for elastography are gradually ex-
panding, and in recent years, publications have be-
gun to appear that provide data on the use of elas-
tometry in the study of soft tissue structures of the
peripheral and axial skeleton [45—47]. The findings
of the studies by E.E Drakonaki et al.(2012) showed
that this method may be even more sensitive than
MRI or B-mode imaging with detection of subclini-
cal changes in the muscles and tendons [40].

A common problem of most of the conducted
studies is insufficient correctness of the metho-
dological aspects of the research: a small number
of studied patients, incorrect material selection for
comparative characteristics of the obtained results,
and a relatively small number of studies performed
in general [7].

CONCLUSION

The literature data indicate a current indicate the
current demand for ultrasound examination for the
identification of crystal structures in joint diseases,
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in particular, in crystalline arthropathies. This is de-
termined by the physical capabilities of the method,
which provides visualization of the echogenicity of
crystal structures, the presence of acoustic shadow-
ing typical of calcified structures, as well as determi-
nation of the exact localization of calcinates. All of
the above-mentioned justifies the use of ultrasound
as a valuable tool in assessing the state of joint struc-
tures in various types of joint dam- age, including
crystalline arthropathies.

However, to date, contradictory data on the re-
sults of ultrasound in the study of patients with
crystalline arthropathies have been published. Thus,
there is relatively high variability in the sensitivi-
ty of the method, depending on the structure un-
der study: cartilage or tendon. There is no definite
clarity in the differentiation of hyperechoic depo-
sits, similar in structure (urate crystals, pyrophos-
phate and calcium hydroxyapatite, crystals of other
etiologies).

At the same time, the possibilities of ultrasound
are not fully applied. Currently, the B-mode is main-
ly used in diagnostics, while additional introduction
of shear wave elastography can significantly expand
the diagnostic potential of this modality. There is no
clarity on ultimate possibil- ities of ultrasound in the
diagnosis of crystal- line arthropathies due to the in-
sufficient number of studies on this topic with the use
of the same criteria and the same groups of joints.

Radiography, computed tomography, and pola-
r- ized light microscopy continue to provide im-
portant information in the diagnosis of CPPD crys-
tals. In combination with ultrasound, these methods
emphasize the polyarticular and systemic nature of
CPPD crystals, high rate of calcification of not only
cartilage, but also ligaments and tendons, as well
as inflammation and destruction of tissues associ-
ated with the crystal deposition. Introduction of ul-
trasound into diagnostic practice will significantly
improve the accuracy of calcification diagnosis, fol-
lowed by the timely administration of therapeutic
and preventive tactics in patients with this type of
arthritis.

Further research is required to determine the pos-
sible potential of the method. A new set of diagnos-
tic criteria applied to ultrasound in arthrology may
further improve the accuracy of examination. It is
also necessary to study the reliability of the method
and bring the research results to a consensus.
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Modern scintigraphic methods for assessing myocardial blood flow
and reserve

Mochula A.V., Maltseva A.N., Zavadovsky K.V.

Cardiology Research Institute, Tomsk National Research Medical Center (Tomsk NRMC), Russian Academy
of Sciences
111a, Kievskaya Str., Tomsk, 634012, Russian Federation

ABSTRACT

Background. Today, myocardial perfusion scintigraphy is an informative and accessible method for evaluating
ischemic changes in the heart. However, this method has limitations, which are more connected with a semi-
quantitative assessment of the study results. Currently, there is a class of specialized gamma cameras with cadmium
zinc telluride detectors, which allow for quantitative analysis of scintigraphic data on coronary hemodynamics, i.e.
evaluate indicators of coronary blood flow and reserve.

The aim of the review was to present and summarize the information about the coronary circulation under
physiological and pathological conditions, as well as the possibilities of modern radionuclide methods in assessing
coronary blood flow and reserve.

Materials and methods. In the process of preparing the review article, “PubMed”, “Web of Science”,
“ScienceDirect”, and “Elibrary” research databases were used. Search requests included such key words as:
coronary artery disease, myocardial blood flow, coronary (myocardial) flow reserve, single photon emission
computed tomography, cadmium-zinc-telluride, positron emission tomography.

Results. The review includes information on the state and methods of regulating coronary hemodynamics
under normal conditions and against the background of pathological changes. It also includes information about
radionuclide methods for assessing coronary hemodynamics which were used in the past, are currently being used,
and promising ones,including dynamic single photon emission computed tomography.

Conclusion. The potential of dynamicsingle photon emission computed tomography as a method for quantification
of coronary blood flow and reserve is high. This technique can become a simple and affordable alternative to the
existing methods for assessing coronary (myocardial) blood flow and reserve. This will increase the information
content of radionuclide diagnostics in assessing the severity of coronary insufficiency for more accurate risk
stratification and determination of appropriate treatment strategy for cardiac patients.

Key words: dynamic single photon emission computed tomography, myocardial blood flow, coronary (myocardial)
flow reserve, coronary artery disease, coronary artery atherosclerosis.
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CoBpeMeHHble CUMHTUrpadUIECcKMe MeToAbl OL,EHKM MUOKApANA/IbHOTO
KPOBOTOKA 1 pe3epBa

Mouyna A.B., ManbueBa A.H., 3aBapoBckui K.B.

Hayuno-uccnedosamenvcxuii uncmumym (HUU) kapouonocuu, Tomckuti HAYUOHATbHBIUL UCCTIe008AMENbCKUL
meduyunckuu yeump (HHUML]) Poccuiickou akademuu Hayk
Poccus, 634012, 2. Tomck, ya. Kuesckas, 1114

PE3IOME

Beenenue. Ilepdysnonnas cruHTHTpaduss MHOKap/a HA CETOTHSAIIHUN NEHb SBISCTCS MHPOPMATHBHBIM H J0O-
CTYIIHBIMH METOJIOM OIIEHKH HIIEMHYECKHX M3MEHeHHi cepama. OmHaKo 3Ta METOAMKA, KaK U Jrobas apyras,
HMEET PsiJl OTIPEAEIEeHHBIX OTPAaHIIECHHIH, KOTOPEIE B OONBIIIEH CTETIEHN CBSA3aHBI C MTOTYKOINIECTBEHHOH OIEHKOH
pe3yJIbTaTOB HCCIENOBAHMA. B HacTosIee BpeMs CyIIeCTBYeT KIacC CIEIHAIN3NPOBAHHBIX TaMMa-KaMep C Jie-
TEKTOpaMH Ha OCHOBE KaJMHH-IUHK-TEIITyPa, ITO3BOJISIONINX IIPOBOANTH KOJINIECTBEHHBIH aHAIN3 CUHTHTpadu-
YEeCKUX TAHHBIX O COCTOSHHM KOPOHAPHOH T'eMOJNHAMHUKH, T.€. OLICHUBATH IIOKA3aTeN KOPOHAPHOTO KPOBOTOKA
U pe3epsa.

Heas 0030pa — mpeacTaBUTh U 000OIIUTH CBEACHUS O (PU3MOJOTUU KPOBOOOpAIIEHHUs cepllia B HOpME U IpPH
HATOJIOTHH, & TAK)KE BOSMOXKHOCTAX COBPEMEHHBIX PaJAMOHYKINIHBIX METOJIOB B OLICHKE KOPOHAPHOTO KPOBOTOKA
U pe3epsa.

Marepuajbl H MeTOAbI. B mpoliecce MoAroToBKM 0030pHOI CTaThH HMCIOJIL30BAIKCH HaydHble 0a3bl JAHHBIX
PubMed, Web of Science, ScienceDirect, Elibrary. [TonckoBblii 3anpochl BKIHOUAIN KIFOUCBBIC CIIOBA: coronary ar-
tery disease, myocardial blood flow, coronary (myocardial) flow reserve, single-photon emission computed tomog-
raphy, cadmium-zinc-telluride, positron emission tomography, uiemnudeckas 60J€3Hb cepALa, MHOKapIUaIbHBIH
KPOBOTOK, OJIHO()OTOHHAS IMUCCHOHHASI KOMITBIOTEPHASI TOMOTpa(usi, IO3UTPOHHAS SMUCCHOHHAsE TOMOrpadusi,
pe3epB KOPOHAPHOTo (MUOKAPAHAIBHOTO) KPOBOTOKA.

Pe3yabTaTsl. O630p BKIIOUAET B ce0sI CBEACHUS O COCTOSTHHH U CIIOCO0aX Perysiuui KOpOHAPHOH TeMOANHAMIKH
B YCJIOBUSIX HOPMBI M Ha (h)OHE MATOIOTHUYECKUX H3MEHEHWH, PaIMOHYKIMIHBIX METOJAX OLEHKH COCTOSHHS
KOPOHAPHOT0 pyCila, HIMEIOMNX HCTOPHUIECKOE 3HAUCHHE, MICTIONB3YIOMUXCSI B HACTOSIIIEE BPEeMs M IEPCIEKTUBHBIX,
B TOM 9HCJIe JUHAMHIECKOH 0THO(POTOHHOI IMUCCHOHHON KOMITBIOTEPHOI TOMOTpadHy.

3axiouenne. [loTeHmanbHbIe BO3MOXKHOCTH JUHAMHYECKOH OAHO(OTOHHOW 3MHUCCHOHHOW KOMITBIOTEPHOMH
ToMOrpaun Kak MeToja KOJMYECTBEHHON OIEHKH KOPOHAPHOTO KPOBOTOKA M PE3€pBa BBICOKH. DTa METOAUKA
MOXKET CTaTh INPOCTOH M JOCTYITHOH anbTePHATHBOH CYNIECTBYIOUIMM CIIOCO0aM OIEHKH KOPOHApHOTO
(MHOKapaIMaTbHOTO) KPOBOTOKA M PE3epBa, UTO IO3BOIUT MOBBICUTh HH()OPMATHBHOCTH PaJHOHYKIHIHON
JMarHOCTUKH B OLIEHKE TSHKECTU KOPOHAPHOI HEAOCTATOYHOCTH, a 3HAUUT OYAET CIIOCOOCTBOBATH O0Iee TOUHOM
cTpaTH(UKAIUK PUCKA U ONPEASIICHUIO MOXOIAMIIEH TAKTUKHY JIEYCHHS KapAUOIOTHIECKIX MallUeHTOB.

KnroueBble ci10Ba: tuHaMu4ecKast OXHO(GOTOHHASI SMHCCHOHHAs KOMITBIOTEpHAst TOMOTpadusi, MHOKapIHAIbHBIHA
KPOBOTOK, Pe3epB KOPOHAPHOTO KPOBOTOKA, HIIEMUUYECKasi OOJIC3Hb Cep/lla, aTePOCKIEPO3 KOPOHAPHBIX apTePHUi.

KOHq).]'Il/lKT HUHTEPECOB. ABTOpBI JACKIIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C r[y6mzn<aunei/'1 HaCTOSIH.[efI CTaTbHU.

Hcrounnk ¢unancupoBanmusi. O630p MOATOTOBIEH B paMKax BBIIONHEHHS TpaHTa CoBera MO TpaHTaM
npesugenta Poccuiickoit ®eneparim (Ne MK-1347.2020.7).

Jns nutupoBanusi: Mouyna A.B., Mansiea A.H., 3aBanockuii K.B. CoBpeMeHHbIC CIUHTUTPAQUICCKUE Me-
TOJIBI OIICHKH MUOKAPIHAILHOTO KPOBOTOKA ¥ pe3epBa. broanemens cubupckoi meouyunsl. 2021520 (1): 178-189.
https://doi.org/10.20538/1682-0363-2021-1-178-189.

bionneteHb cMbupcko meanumHbl. 2021; 20 (1): 178-189 179



Mochula A.V., Maltseva A.N., Zavadovsky K.V.

Modern scintigraphic methods for assessing myocardial blood flow and reserve.

INTRODUCTION

Today, quantitative analysis of myocardial per-
fusion is believed to be the most informative meth-
od in assessing ischemic changes in the heart [1].
The main quantitative indicators reflecting the state
of coronary hemodynamics are myocardial blood
flow (MBF) and coronary flow reserve (CFR) [2].
However, methods for determining MBF and CFR
are complex, expensive, and, therefore, are prac- ti-
cally not used in clinical practice. A new type of
cadmium zinc tellurium (CZT) gamma cameras
allows to perform dynamic single photon emis-
sion computed tomography, which was previously
unavailable. This technology makes it possible to
assess the MBF and CFR scintigraphic parameters.

The aim of this review was to present the normal
and pathological physiology of cardiac circulation,
as well as capabilities of advanced radionuclide
methods in assessing parameters of coronary hemo-
dynamics, i.e. assessment of MBF and CFR.

“PubMed”, “Web of Science”, “ScienceDi-
rect”, and “Elibrary” research databases were used
in preparing as coronary artery disease (CAD),
myocardial blood flow, coronary (myocardial) flow
reserve, single photon emission computed tomog-
raphy (SPECT), cadmium-zinc-telluride, positron
emission tomography (PET); acronyms were also
used, such as CAD, CFR, MBF, MFR, SPECT,
CZT, PET.

The review includes information on the state
and methods of regulating coronary hemody-
namics under normal conditions and against the
background of pathological changes, as well as
on radionuclide methods for assessing myocardial
perfusion which are of historical significance, are
currently being used and promising ones, includ-
ing dynamic single photon emission computed to-
mography (SPECT).

PHYSIOLOGICAL AND PATHOLOGICAL
FOUNDATIONS OF CORONARY
CIRCULATION

Understanding the physiology and pathophys-
iology of coronary circulation and such terms as
coronary autoregulation, MBF, CFR (relative and
absolute), and microvascular resistance is necessary
for a correct clinical interpretation of a quantitative
analysis of MBF and CFR.

Anatomy and physiology of coronary circulation

Approximately 5% of the circulatory minute
volume flows into coronary arteries (CA) during the
diastole phase. This is approximately 250 ml / min
for a 300 gram heart muscle at functional rest.
Thus, myocardial blood flow may vary from 0.3 to
0.8 ml/ min/ g.

Epicardial arteries, having low resistance, deter-
mine only ~5% of vascular resistance at rest [3, 4].
Arterioles outnumber arteries and determine 60%
of vascular resistance [4]. Coronary capillaries ac-
count for ~25%, while venules and veins account
for the remaining 10% [4].

According to the Hagen — Poiseuille equation,
the pressure gradient that provides blood flow is
inversely proportional to the vessel diameter in the
fourth power. Thus, it means that even minimal re-
duction of vessel internal diameter leads to a signif-
icant decrease in the pressure gradient. Considering
that proximal (i.e. epicardial) coronary arteries have
a diameter of 3—4 mm [5], they represent lower re-
sistance to blood flow than arterioles, the diameter
of which is 20200 pum [6].

Coronary arterioles are the main resistant vessels
and determine myocardial blood flow conditions.
[7]. The arteriole muscular wall allows for coro-
nary autoregulation and metabolic vasodilation.
Coronary autoregulation describes the capacity of
the heart to maintain steady myocardial perfusion
across a range of perfusion pressure [8, 9].

Capillaries are the smallest components of the
heart vasculature (5-10 um). However, this vascu-
lar structure provides 25% of vascular resistance,
and at any given time it may contain up to 90% of
the total blood volume of the heart muscle. There-
fore, the functional condition of the capillaries de-
termines myocardial blood flow to a greater extent
than the tone of arterioles.

MECHANISMS REGULATING CORONARY
VASCULAR TONE

The main mechanisms that regulate vascular
tone include: 1) metabolic; 2) myogenic; 3) endo-
thelium-dependent [8]. These three groups of fac-
tors affect arterioles depending on their diameter.
[6].

Metabolic factors affect small arterioles (< 40
um) [10, 11]. An increase in myocardial metabolism
leads to an increase in the concentration of adenos-
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ine [12], carbon dioxide [11], as well as in the lev-
el of acidosis [13, 14]. These metabolites penetrate
into the interstitial space and interact with smooth
muscle cells [15]. This interaction leads to arteriole
vasodilation and increased myocardial perfusion.

The myogenic mechanism prevails in regula-
ting the tone of arterioles with medium diameters
(40-100 pum) [16, 17]. Calcium channels of smooth
muscle cells (SMC) open in response to increased
distension. Increasing intravascular blood pressure
leads to vasoconstriction, and vice versa, when the
intravascular blood pressure decreases, the intracel-
lular Ca** concentration falls, leading to relaxation
of the SMC and vasodilation. This form of myo-
genic control maintains stable arterial tension and
is one of the mechanisms of vascular tone control
[16].

The tone of large arterioles (more than 100 pm),
as well as coronary arteries, is regulated mainly by
the endothelium. The interaction between the blood
flow and endothelial cells triggers the process of
NO synthesis from L-arginine via endothelial NO
synthase [18]. Then, NO diffuses into the under-
lying layer of smooth muscle cells of the vascular
wall and activates soluble guanylate cyclase, which,
in turn, converts guanosine triphosphate into cyclic
guanosine monophosphate (cGMP). As a result,
cGMP gives a signal to the smooth muscle cells to
relax, thus vasodilation occurs.

The implementation of these mechanisms leads
to the fact that the coronary blood flow increases by
4-5 times at stress and is equal to 5-6 ml / min / g.
Therefore, an adequate level of myocardial blood
supply is maintained [19].

MBEF at rest depends on cardiac oxygen demand
and myocardial contractility. Cardiac oxygen de-
mand is determined by the heart rate and blood
pressure, as well as myocardial contractility. It has
been proven that women have higher MBF. In ad-
dition, it is known that taking medications, such as
beta-blockers, can affect MBF, even at functional
rest. The myocardial blood flow value also depends
on age, the presence of endothelial dysfunction, left
ventricular fibrotic changes, and anemia. [20].

The main factors which affect the magnitude of
stress-induced MBF include submaximal coronary
dilation, anatomical remodeling of the macro- and
microcirculatory bed, increased microvascular re-
sistance, fibrotic changes, heart denervation, sys-

temic inflammation, and risk factors (diabetes, arte-
rial hypertension, smoking, hypercholesterolemia).
In addition, the use of caffeinated products can re-
duce coronary vasodilation [21].

AUTOREGULATION IN CORONARY ARTERY
STENOSIS

Experimental studies by K.L. Gould and L. Lip-
scomb showed that myocardial blood flow remained
stable until the narrowing of the coronary artery to
~85% of the diameter [22]. This was determined by
great possibilities of coronary autoregulation. Fur-
ther narrowing of the coronary artery could lead to
a decrease in MBF at rest. One of the drawbacks of
this study was the inability to assess the effect of mi-
crocirculatory dysfunction. This is explained by fact
that the animals used are, as a rule, young and do not
yet have disorders at the microvascular bed level.

The results obtained by K.L. Gould and K. Lip-
scomb were confirmed in a clinical study evaluating
the impact of coronary autoregulation mechanisms
in patients with coronary artery disease [23, 24].
The IDEAL study showed that patients with more
severe atherosclerotic lesions had an increase in the
transtenotic pressure gradient, but the MBF did not
change. This was due to a decrease in microvascular
resistance.

These experimental and clinical data indicate that
in moderate stenosis, it is coronary autoregulation
that ensures the stability of myocardial perfusion
due to processes occurring at the microvasculature
level. For this reason, these kinds of stenosis do not
cause myocardial ischemia at rest and such patients
remain asymptomatic. However, under conditions
of increased loads on the cardiac muscle, compen-
satory mechanisms at the microcirculation level are
depleted, and the epicardial artery stenoses become
a limiting factor that prevents adequate MBF.

CORONARY BLOOD FLOW RESERVE

The ratio of stress-induced MBF to blood flow
under functional resting is described as coronary
flow reserve (CFR) [20]. CFR depends on the fol-
lowing factors: 1) MBF at rest; 2) perfusion pres-
sure in arterioles; 3) extravascular coronary resis-
tance; 4) cross-sectional area of arterioles per unit
volume of myocardium [20].

CFR is a relative index and is determined by the
total capacity of the coronary arteries in hyperemia
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and at physiological rest and reflects the hemody-
namics of the micro- and macrocirculation [20].
This distinguishes CFR from the fractional flow re-
serve (FFR), which is defined during invasive coro-
nary angiography using a specialized transducer as
the more distal to stenosis / more proximal to steno-
sis pressure ratio against the background of pharma-
cologically induced hyperemia. Thus, using FFR, it
is possible to assess only the blood flow decrease in
large epicardial arteries.

RADIONUCLIDE METHODS FOR ASSESSING
CORONARY BLOOD FLOW AND CORONARY
FLOW RESERVE

One of the first methods for assessing MBF and
CFR was myocardial scintigraphy with "*'I-labeled
macroaggregated albumin (“'I-MAA) [25]. The
method consists in injecting a radiopharmaceutical
(RP) with B'I-MAA directly into the left ventricle
and temporary embolization of the capillary bed of
the coronary arteries [25]. Heymann et al. played the
most significant role in the development, validation,
and implementation of myocardial scintigraphy with
BII-MAA [25]. In the experimental work of these
authors, the scintigraphic data were compared with
results of invasive measurement of MBF. A strong
correlation between MBF velocity and the distribu-
tion of microspheres was shown [25].

Further studies demonstrated reliability of the
BII-MAA method and recommendations for its clin-
ical use [26—28]. Additionally, the safety of myocar-
dial scintigraphy with "'I-MAA was demonstrated
in a clinical study by W.L. Ashburn et al. [29].

There are very few works by Russian authors de-
voted to the assessment of MBF using *'I-MAA.
The main contribution to the study of this quantita-
tive assessment method of left ventricular myocar-
dial perfusion was the research of a scientific group
led by A.Z. Eventov [30]. In the works of this group,
the fundamental possibility of using *™Tc for the la-
beling of human serum albumin microspheres was
demonstrated. The method was validated, and its
diagnostic capabilities were shown.

Positron emission tomography (PET) has been
named the “gold standard” for evaluating MBF and
CFR [31]. The fundamental possibility and valida-
tion of this method for MBF and CFR evaluation
have been shown in a large number of experimental
and clinical studies [1, 2, 32-34]. In particular, it

was shown that only [POJH,O has a direct linear
correlation between the extraction fraction val-
ue and MBF. Based on this, we can conclude that
PET with [OJH,O is the most accurate method for
estimating MBF and CFR. Other PET tracers (Rb,
NH,), due to the peculiarities of pharmacokinetics,
describe the change in the dynamics of the MBF
value worse, and the results of studies using these
radionuclides are approximate [33].

However, due to the greater availability of ra-
diopharmaceuticals, PET with Rb or "*N is more
commonly used in clinical practice. In addition, it
should be noted that [*OJH,O is not available for
the practical use in the USA.

Wide diagnostic capabilities in the MBF and
CFR assessment in patients with various cardi-
ac pathologies were also demonstrated in a large
number of different types of studies. The article by
A. Kaufmann et al. proves the advantage of quan-
titative data analysis over visual evaluation of PET
results. A large number of studies [34—37] demon-
strated the prognostic significance of quantitative
myocardial PET perfusion in assessing the risk of
unfavorable cardiac events. A decrease in CFR <
1.5 is associated with a 16-fold increase in the car-
diac death risk. [38].

However, the use of PET in cardiology practice
is limited by such factors as the unavailability of
PET scanners, radiopharmaceutical synthesis sys-
tems, as well as injection equipment. According
to the European Commission for Health and Con-
sumer Protection, PET accounts for about 6—7%
of all radioisotope studies [39]. Therefore, SPECT
is still the most common method of radionuclide
diagnostics.

The first scientific research in MBF and CFR de-
termination using SPECT was based on collected
data of the first RP bolus passage through the cardi-
ac cavities and ventricular myocardium and the cal-
culation of the global retention index in the planar
mode. This method made it possible to determine
the global retention index of the tracer. Therefore,
the CFR value was calculated based on the retention
index, taking into account the activity of the RP in
the pulmonary artery [40].

A strong correlation of the obtained indicator
with the FFR value was demonstrated (» = 0.85,
p <0.001) [40, 41]. Yoshinori et al. [42] compared
the CFR evaluated by SPECT with *™Tc-Sestami-
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bi and PET with [*O]H,O. However, the SPECT
method lowered CFR values in comparison with
PET [42].

Thus, a tomographic mode was used to estimate
the regional values of MBF and CFR by fast rota-
ting the gamma-camera detectors. Using this re-
cording technique, Cuocolo et al. [43] showed a
strong correlation (» = 0.85, p <0.001) between the
scintigraphic CFR index and intracoronary Doppler
data: 1.36 + 0.43 vs. 1.39 + 0.42, respectively.

Similar results were obtained by Hsu et al. [44].
The authors did not find significant differences be-
tween MBF and CFR determined by SPECT with
#mTc-Sestamibiand PET with '*'N-ammonium. There
were no significant differences in the studied param-
eters: MBF at rest was 0.78 £ 0.14 ml / min / g vs.
0.78 £ 0.22 ml / min / g (p = 0.929), MBF against
the background of the stress test was 2.80 +
039 ml / min / g vs. 283 £ 0.54 ml / min / g
(p = 0.766), CFR was 3.58 + 0.47 vs. 3.67 + 0.47
(p = 0.472) in the group of healthy volunteers;
CFR at rest was 0.83 £ 0.24 ml / min / g vs. 0.74
0.31 ml/min/ g (p = 0.088), CFR against the back-
ground of the stress test — 1.95 + 0.66 ml/min/g vs.
1.93 £ 0.78 ml/min/g (p = 0.813), CFR was 2.4 +
0.78 vs. 2.53 £ 0.72 (p = 0.601) in coronary artery
disease (CAD) patients for PET and SPECT, re-
spectively. As in the previous work, there was an
insignificant downward shift in the MBF and CFR
indices determined by SPECT compared to PET. In
addition, the authors demonstrated high inter-and
intra-operative  reproducibility of quantitative
SPECT results.

A group of authors from Japan, led by T. Tsu-
kamoto [45], compared the CFR values determined
by dynamic SPECT with *"Tc-MIBI and PET with
["OJH,O. As a result, a strong correlation between
MBF and CFR values estimated by these methods
was shown (r = 0.84, p < 0.0001). However, the
MBF values according to the SPECT data were
significantly lower compared to the PET results.
The authors pointed out that the modification of the
formula for calculating MBF values could improve
the accuracy of the SPECT method for quantitative
analysis of myocardial perfusion.

However, it must be noted that a significant
disadvantage of the conventional SPECT is the in-
ability to perform dynamic data collection in the to-
mographic mode. In addition, Anger-type gamma

cameras are significantly inferior to PET in terms of
temporal and spatial resolution [46].

Today, there is a new generation of gamma ca-
meras with cadmium zinc telluride (CZT) detectors,
as well as a subclass of specialized cardiac devi-
ces. Such gamma cameras have high sensitivity and
resolution [48]. Tomographic three-dimensional
images are generated during data collection. This,
in combination with new algorithms for reconstruc-
tion of scintigraphic images, makes it possible to
perform dynamic SPECT and evaluate the MBF
and CFR indicators [49].

One of the fundamental works on assessing
the capabilities of CZT gamma cameras to evalu-
ate MBF and CFR is a study by Ruddy et al. [50].
In the experiment on large animals, the authors
compared the MBF and CFR values determined
by SPECT with three radiopharmaceuticals: 2°'Tl,
PmTc-Tetrofosmin, and *"Tc-Sestamibi. Scintig-
raphy with “"Tc-MAA was chosen as a reference
method. A strong correlation between tracers and
the reference method was found. Thus, MBF va-
lues correlated better with 2°'T1 (» = 0.81) and to
a lesser extent with *™Tc preparations with 0.56
(Tetrofosmin) and 0.38 (Sestamibi). However,
according to the RCC indicator, a strong correlation
was found with all investigated RPs: *°'T1 (»=0.81),
PmTc-Tetrofosmin (r = 0.82), *™Tc-Sestamibi
(r=10.8) [50].

One of the first clinical studies was a work of a
scientific group led by S. Ben-Haim from the In-
stitute of Nuclear Medicine, University College
London [51]. The authors demonstrated the prac-
tical possibility of evaluating MBF and CFR using
dynamic SPECT and showed high reproducibility
of the results. Additionally, it was shown that the
CFR value was statistically significantly lower in
the group of patients with angiographically signifi-
cant coronary artery stenoses, compared to patients
without them. In addition, CFR significantly de-
creased as the degree of coronary artery stenosis in-
creased. However, the authors emphasize the need
for further clinical validation of this method.

A study by B. Bouallegue et al. [52] compared
the global and regional CFR values determined by
dynamic SPECT with the results of invasive coro-
nary angiography and FFR in patients with severe
multivessel coronary artery disease. According
to the data obtained, the global CFR determined
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for the entire left ventricle significantly correlated
with the number of vessels with stenosis (» = 0.70,
p < 0.001); and its regional value (determined for
the coronary artery pool) was associated with both
the degree of stenosis and the FFR value. At the
same time, ROC analysis showed that the sensiti-
vity, specificity, and diagnostic accuracy of this in-
dicator for assessing the hemodynamic significance
of coronary artery stenoses were 89%, 82%, and
85%, respectively.

It should be noted that, in contrast to MBF, the
FFR value does not reflect the microcircular con-
ditions. Comparison of the two methods does not
contradict logic; however, certain inaccuracies will
inevitably arise in the results of such an analysis.
Based on the foregoing, a direct comparison of
PET and dynamic SPECT data is more correct from
the point of view of the coronary microcirculation
physiology.

Nikoulou et al. performed such kind of compara-
tive analysis between the results of dynamic SPECT
with ®"Tc-tetrofosmin and PET with *N-ammoni-
um. The authors did not find differences for MBF at
rest, but dynamic SPECT lowered the stress-induced
MBEF values compared to PET [53]. The sensitivi-
ty, specificity, and diagnostic accuracy of dynamic
SPECT in identifying ischemia with a cut-off CFR
value of 1.26 were 70, 78, and 75%, respectively.
The authors emphasize that the CFR determination
on CZT cameras can be used in clinical practice as
an alternative to PET.

A comparative analysis of the results of dynamic
SPECT and cardiac magnetic resonance imaging in
patients with known or suspected CAD was carried
out in the work of Fang et al. According to the re-
sults obtained, stress-induced MBF, assessed using
the above-described methods, showed a strong cor-
relation (» = 0.76). The ROC analysis showed that,
with a stress-induced MBF of 1.32 ml / g / min, the
sensitivity, specificity, and diagnostic accuracy of
dynamic SPECT in identifying obstructive coro-
nary artery disease were 94%, 90%, and 93%, re-
spectively. Scintigraphic assessment of CFR was
not performed in this study.

A study by Miyagawa et al. [55] was devoted
to the assessment of the coronary hemodynamics
in patients with multivessel CAD. It showed that
CFR correlated with left ventricular ejection frac-
tion, FFR, and SYNTAX Score. The sensitivity and

specificity of dynamic SPECT in the identification
of multivessel coronary artery disease were 93.3%
and 75.9%, respectively. The sensitivity and spec-
ificity of dynamic SPECT in the identification of
multivessel coronary artery disease with a cut-off
CFR value of 1.3 was 93.3 and 75.9%, respectively.

Significant results considering the dynamic
myocardial SPECT technique were obtained by
Wells et al. [56]. The authors investigated the ef-
fect of such factors as the attenuation correction,
motion correction and binding of the tracer to red
blood cells on CFR and MBF. According to the data
obtained, corrections for the displacement of the pa-
tient’s body and for the residual activity of RP in the
blood pool increased the accuracy of the MC and
RCC assessment using dynamic SPECT compared
to PET. However, the correction of attenuation did
not increase the accuracy of the scintigraphic tech-
nique. Additionally, the authors showed a correla-
tion between the scintigraphic values of MBF and
CFR and the PET data with [*O]JH,O.

In 2018, the WATERDAY study [57] was car-
ried out, aimed at assessing the MBF and CFR va-
lues based on dynamic SPECT data. The study in-
cluded patients with stable ischemic heart disease.
All patients underwent dynamic SPECT, PET with
[*O]JH,0, and invasive coronary angiography with
FFR assessment. The authors showed high interop-
erable reproducibility of the scintigraphic method
of MBF and CFR assessment. Also, a strong cor-
relation between dynamic SPECT and PET data and
the FFR value was found. Additionally, the sensi-
tivity, specificity, accuracy, and positive and nega-
tive predictive values of the scintigraphic CFR were
calculated for the identification of ischemia: 83.3%,
95.8%, 93.3%, 100% and 85.7%, respectively, and
for the detection of hemodynamically significant
stenosis (FFR < 0.8): 58.3%, 84.6%, 81.1%, 36.8%
and 93%, respectively.

In the work in the nonselective group of pa-
tients with an established diagnosis and suspi-
cion of coronary artery disease, Zavadovsky et al.
[58] showed a strong positive correlation between
MBFEF, absolute and relative CFR, and FFR val-
ue: p = 0.63 (p <0.001), p = 0.66 (p <0.01), and
p = 0.73 (p < 0.01), respectively (a cut-off CFR
value < 1.48). The sensitivity and specificity of
dynamic SPECT with the assessment of quantita-
tive myocardial perfusion indices for identifying
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the hemodynamic significance of coronary artery
stenosis were 69.2% and 93.3%, respectively.
In another study, the same group of authors [59]
showed a decrease in global CFR in patients with
multivessel CAD compared to the control group:
1.39 (1.12; 1.69) and 1.86 (1.59; 2.2), p < 0.001.
Thus, the sensitivity and specificity of dynamic
SPECT in the identification of multivessel CAD
were 81.8% and 66.7%, respectively.

CONCLUSION

Despite the technical differences between PET
and SPECT, the methods used to evaluate MBF and
CFR are largely similar. Moreover, these methods
practically do not differ from one of the first me-
thods for determining MBF and CFR — scintigraphy
with 1311 and *Tc-MAA. The basic principle of the

above-described methods is to evaluate the retention
index of the radionuclide tracer and convert it to the
myocardial blood flow value, using various mathe-
matical algorithms and models. In the studies ana-
lyzed, various techniques were used for both dynam-
ic SPECT and the processing of the results obtained
(Table).

Most studies (62.5%) used a common radio-
pharmaceutical, *"Tc-MIBI. The bolus principle
of RP injections was used in 75%. Therefore, short
frames were more often used to construct the “ac-
tivity-time” curve. In half of the studies, a one-com-
partment model was used to evaluate the dynamic
myocardial SPECT data. This is determined by the
fact that this model is more common and is the base
model in processing PET data. At the same time, the
Net Retention model has been used more recently.

Table
Analysis of various techniques for conducting and processing the results of dynamic SPECT
Type/adminis- .
Author Gamma camera | tration method Stress agent Algorithm ,Of Model of.re- MC/AC Research Pro-
of RP reconstruction construction time tocol
32 frames
21 x 3 sec
Agostini D MIBl/injector | Regadenoson, 400 19 sec
& ’ D-SPECT J & ’ 1 x 15 sec Net Retention /- 6 min | One-day
etal., 2018 (bolus) mg
1 x21 sec
1 x 27 sec
7 x 30 sec
Fang Y.D. GE Discovery o Dipyridamole, 0.124 48 frames 2-compartment o . )
etal., 2017 NM 530c MIBI/? (bolus) mg/kg/min 48 x 30 sec model 7/ >min | One-day
. . . L. 48 frames
Bouallegue F.B. | GE Discovery | Tetrofosmin/? | Dipyridamole, 0.75 1-compartment .
. 30 x 3 sec - 6 min | One-day
etal., 2015 NM 530c (bolus) mg/kg, 4 min model
18 x 15 sec
Nikoulou R. GE Discovery | Tetrofosmin/? Adenosine, 140 éif{%n;:i 1-compartment 9/ 4min | One-da
etal., 2016 CT/NM 570c (bolus) mcg/kg/min model ’ Y
6 x 30 sec
Miyagawa M GE Discovery MIBL, ATP, 160 mcg/kg/ 200 frames 1-compartment
: in/? > h 92/— i -
etal,, 2017 NM 530¢ | Tetrofosmin” min, 5 min 200 x 3 sec model & 10min | One-day
(bolus)
Adenosine, 140
Ben-Haim S. MIBl/injector | mcg/kg/min, 6 min; g 2-compartment o/ .o | One-day,
etal., 2013 D-SPECT (bolus) Dipyridamole, 0.142 60-70 frames model 7 6 min’ two-day
mg/kg/min, 4 min
Tetrofosmin/ 19 frames
Wells R.G. GE Discovery iniector. 9 ml Dipyridamole, 0.142 9 x 10 sec 1-compartment i 1 min | One-da
etal., 2017 NM 530c J ’ mg/kg/min, 5 min 6 x 15 sec model Y
in 30 sec
4 x 120 sec
Zavadovsky K.V. | GE Discovery Adenosine, 140 44 frames One-day,
. V. s . S+t . = f;
etal., 2019 NM/CT 570 ¢ MIBI (bolus) mcg/kg/min, 4 min. 4‘(‘) : :;siic Net Retention / 6 min two-day
Note. The study was carried out with correction of scintigraphy images — “+, without correction of scintigraphy images — “—”; data were not
presented in the study — “?”".
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This model is less dependent on the pharmacoki-
netics of the radionuclide indicator as compared to
one- and two-compartment models. This model is
appropriate for tracers with a nonlinear dependence
of retention and the blood flow, such as *"Tc-MIBI
or ®"Tc-tetrofosmin. It should be noted that most
authors used a one-day study protocol for dynam-
ic SPECT. This requires a correction parameter for
the second study and complicates the mathematical
processing of results.

Methods for improving the quality of scinti-
graphic images, such as attenuation correction
(AC), motion correction (MC), and correction of
heartbeat artifacts [60], were not used in most of
the reviewed studies. Currently, there is no com-
mon opinion about the need to include such tools
for processing dynamic SPECT data. However,
the work of Ruddy et al. [56], devoted to the influ-
ence of various correcting factors on scintigraphic
parameters of MBF and CFR, showed the need to
use motion correction, while the use of attenuation
correction alone did not significantly affect these
indicators.

Dynamic SPECT is performed according to ba-
sic principles; however, there is a large number of
technical differences that are listed above. Thus, the
evolution of the dynamic SPECT method with MBF
and CFR assessment is not complete, although it is
at the final stage of conceptual and methodological
research. This is confirmed by similar research re-
sults presented in this review and validation of the
scintigraphic method with “gold standards” — PET
and FFR [57, 58].

Currently there is an insufficient number of clin-
ical trials in this area. However, the potential of dy-
namic SPECT as a method for quantification of cor-
onary blood flow and reserve is high. This technique
can become a simple and affordable alternative to
existing methods for assessing MBF and CFR. This
will increase the informative value of radionuclide
diagnostics in assessing the severity of coronary in-
sufficiency for more accurate risk stratification and
determination of appropriate treatment strategy for
cardiac patients.
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The role of metabolic syndrome in the pathogenesis of knee osteoarthritis:
a new view on the problem

Poryadin G.V.', Zakhvatov A.N.?, Tarasova T.V.?, Timoshkin V.0.2

! Russian National Research Pirogov Medical University
Ostrovityanova Str., 1, Moscow, 117997, Russian Federation

2 National Research Ogarev Mordovia State University
Bolshevistskaya Str., 68, Saransk, 430005, Russian Federation

ABSTRACT

Currently, numerous studies undeniably prove the influence of metabolic syndrome on osteoarthritis (OA)
progression.

In hyperlipidemia, free fatty acids abnormally accumulate in the cartilage tissue and provoke cell dysfunction and
necrosis. Studies show that palmitate and stearate have a pronounced proapoptotic effect on chondrocytes of the
articular cartilage.

Mediators of the systemic inflammatory response produced by the adipose tissue act as a significant link in
the pathogenesis of metabolic OA in the knee joint. Metabolic disorders, insulin resistance, and dyslipidemia
boost production of inflammatory mediators and glycosylated compounds and formation of free oxygen radicals
provoking endothelial dysfunction.

A relationship between intra-articular structures (articular cartilage, synovial membrane, subchondral bone, and
synovial fluid) and the intra-articular infrapatellar fat pad is a local pathogenetic factor in the metabolic OA of
the knee. It is proven that the intra-articular infrapatellar fat pad increases significantly in obese patients. Due
to proximity to the articular cartilage and synovial membrane, the adipose tissue is in close contact with them.
The influence of systemic metabolites activates the growth of adipocytes, preadipocytes, macrophages, fibroblasts,
and other fat body cells which enhance the production and release of adipokines, such as leptin, adiponectin,
visfatin, and cytokines, that, in turn, stimulate aseptic inflammation resulting in development of synovitis, cartilage
degeneration, and gonarthrosis progression.

Therefore, the metabolic syndrome has a negative impact on the condition of the joint tissues, contributing to the
development of gonarthrosis or its progression. It manifests itself both through systemic effects and the local impact
of the hypertrophied infrapatellar fat pad on the components of the synovial joint environment.

Key words: metabolic syndrome, osteoarthritis, dyslipidemia, adipokines, oxidative stress, infrapatellar fat pad.
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Po/1b meTab0/1M4ecKkoro cMHApoMa B NaToreHese roHapTposa.

HoBbili B3ras4 Ha npobsemy.

MNopsapuH I'.B.", 3axBaToB A.H.?, TapacoBa T.B.?, TumowkuH B.0O.?

I Poccutickuil HQYuoHARbHbIL UCCIe008aMenbcKull Meouyunckul ynusepcumem (PHUMY) um. H.U. I[Tupozosa

Poccus, 117997, 2. Mocksa, yn. Ocmposumsnosa, 1

2 Hayuonanvuwitl ucciedosamenvckuti Mopoosckuii 2ocyoapecmeennoiil ynusepcumem (MI'Y) um. H.II. Ozapésa

Poccus, 430005, 2. Capanck, yr. Yavsanosa, 264

PE3IOME

Ha cerogHsmiHuii JeHb TOMyYeHbI MHOTOYHCICHHBIC NaHHBIC, HEOCIIOPHUMO JIOKA3bIBAIOIINE B3aUMOCBSI3b
octeoaptpo3a (OA) ¢ METabOINIECKUM CHHIPOMOM.

HpI/I TUTICPIUITUAEMHUYCCKUX COCTOAHUAX CB06OIIHI)IG JKUPHBIC KHUCJIOTHI aHOMAJIbHO HAKaIlJIMBAKOTCA B TKAaHAX
CyCTaBOB. DTO OKa3bIBAET JIMIMIOTOKCUYECKOE Z[eﬁCTBHe, YTO NPUBOAUT K ,III/IC(i)yHKIII/II/I KJIETOK ¥ uX rubenu. [Tans-
MUTATBI U CTCAPAThI BBIZbIBAIOT BBIPAKECHHOC IIPOAIIOIITOTUYICCKOC JIeHiCTBHE HA XOHAPOLUTHI CyCTaBHOT'O XpsIlia.

PakTOphl CUCTEMHON BOCHAIUTENBHOM peakiuH, MPOLYyLUPYEMBbIE KUPOBOM TKaHbIO, BBICTYINAIOT B KayeCTBE
3HAYMMOTO 3BEHa B maroreHese Merabommyeckoro OA KOJEHHOro cycrtaBa. Merabonuueckne HapylIeHUS,
HUHCYJIMHOPE3UCTEeHTHOCTD, MUCIHIHIEMHS CIIOCOOCTBYIOT YBENIMYEHHIO NMPOIYKIMHM MEAUATOPOB BOCHANICHUS,
TJINKMPOBAHHBIX COEAMHEHMH, OOpa30BaHHMIO KHCIOPOAHBIX PAJUKANOB, MIPOBOLUPYIOMNX SHIOTEIHAIBHYIO
TUCYHKIHIO.

JlokanbHBIM 3BEHOM B IATOTeHE3¢ METa0OJIMYECKOro TOHAPTPO3a SBIISETCS B3aUMOCBS3b BHYTPUCYCTaBHBIX
CTPYKTYP (CYCTaBHOTO XpslIlia, CHHOBHAIIbHOH 000JI0UKH, CyOXOHIPaIbHOH KOCTH M CHHOBHAJIBHOM KUIKOCTH) C
BHYTPHCYCTaBHOH MH(panaTeJULIPHOI KUPOBOH KieTyaTkol. Jloka3aHo, 4To MH(panaTeIusipHast )KUPOBas KJIeT-
YaTKa 3HAYUTENIFHO YBEJIMYHMBACTCS y MAIMEHTOB C OXKMpeHHEM. M3-3a GIM3KOTro pacroioKeHUsl ¢ CYyCTaBHBIM
XpSIIOM U CHHOBHAJIBHON OOOJIOUKOM, )KHpPOBasi TKaHb HAXOMUTCA C HUMH B TeCHOM KoHTakTe. [lon BiusHHEM
CHCTEMHBIX MeTab0INTOB, Pa3pacTasich, aAUIONUTEI, IPeaJUIIOHUTHI, MaKpodaru, puopodnacTel U Apyrue KISTKN
XKHUPOBBIX TEJI YCWJIMBAIOT NPOIYKIHUIO M BEICBOOOXKAEHHE aJAUIIOKUHOB, TAKUX KaK JIENTHH, aAUIIOHEKTHH, BHC-
($aTuH, IMTOKMHOB, KOTOPBIE CTHMYJIUPYIOT aCeNTHYECKOe BOCHAJCHHE, NMPUBOJSLICE K PAa3BUTHUIO CHHOBHTA,
JlereHepanuy Xpsla 1 IporpecCUpoBaHHUIO TOHAPTPO3a.

Taknum 00pa3oM, METabOIMUECKUIT CHHIPOM OKa3bIBaeT HETaTUBHOE BIIMSHKE HA COCTOSIHUE TKaHEH cycTaBa, CIIo-
cOOCTBYS BOSHUKHOBEHHIO TOHAPTPO3a MM €TI0 IIPOrPECCHPOBAHUIO, PEATN3YSICh KaK Yepe3 CUCTeMHBIE Y (EKTHI,
TaK M 3a CYET JOKAJIbHOI'0 BO3AEHCTBHS TUIepTpodhupyeMoi HH(pparnaTeUSIPHON )XUPOBOH KIISTYATKH Ha KOMIIO-
HEHTbl CHHOBHAJIBHON CpeJibl CyCTaBa.

KioueBble cjioBa: MeTa0OJMYECKUH CHHIPOM, OCTE€OApTPO3, AWUCIMIUIACMHUS, AJUMOKUHBI, OKCHAATHBHBIN
crpecc, )xupoBbie Tena ['odda.

KonpaukTt uaTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTCHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKanuel HaCTOSIIEH CTaThH.

Hcrounuk GuHAHCHPOBAHMSA: ABTOPHI 3a5BIAIOT 00 OTCYTCTBUM (UHAHCHPOBAHHSL.
Jst mutuposanus: Ilopsmun I'.B., 3axsatoB A.H., Tapacosa T.B., Tumomxun B.O. Ponb merabonmueckoro

CHHJIIpOMa B TIaTOTeHe3e roHapTpo3a. HoBbIi B3risi Ha npobiemy. broaiemens cubupcrou meduyunst. 2021; 20
(1): 190-199. https://doi.org/10.20538/1682-0363-2021-1-190-199.

INTRODUCTION

Metabolic syndrome (MS) is a complex of met-
abolic and hormonal disorders that are risk factors
for development of cardiovascular diseases. The
syndrome classically includes abdominal obesity,
insulin resistance, arterial hypertension, impaired
carbohydrate metabolism, increased triglycerides,

and reduced high-density lipoprotein cholesterol.
All these components are predictors of the adverse
course of osteoarthritis (OA) [1].

Statistics shows a clear dependence of joint re-
modeling on metabolic disorders [2]. Each newly
manifested component of MS makes the course of
OA more severe. Therefore, in on a sample of 482
patients, among individuals with a mono-factor dis-
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order, 12.8% had knee OA, while in people with 2
or more MS components, knee OA was registered
in 23.2% [3]. Comorbid metabolic and vascular pa-
thologies cause an early progressive course of OA
with pronounced clinical and functional disorders.
Increased duration of relapses, predominance of
generalized forms, frequent development of syno-
vitis and periarthritis, and more intense pain are ob-
served [4].

The combination of MS and OA is more pro-
nounced in young people and decreases with age
[5]. Gender predisposition to OA in MS showed a
prevailing risk in women of all age groups, which
should be associated with peculiarities of the func-
tion of reproductive hormones [6].

Development of osteoarthritis, especially in the
knee joints, leads to limited physical activity and
subsequent progression of obesity. Therefore, a
vicious circle forms, where, on the one hand, MS
contributes to the development of OA, and on the
other hand, the mobility is limited due to degener-
ative and dystrophic processes in the joint, which
contributes to the progression of obesity and MS.

All pathogenetic factors of gonarthrosis in MS
can be divided into systemic ones (such as lipotox-
icity and endothelial dysfunction), developing as a
result of dyslipidemia; activation of oxidative stress
against the background of hyperglycemia and insu-
lin resistance; and increased production of active
metabolites by adipokines in the conditions of obe-
sity, that induce and promote inflammation in the
joints. A number of authors prove the importance of
local factors in the pathogenesis of gonarthritis and,
in particular, the role of infrapatellar fat pad, which
is in direct contact with the synovial membrane of
the knee joint, is hypertrophied in the metabolic syn-
drome, and participates in the implementation of de-
structive processes in the intra-articular structures.

SIGNIFICANCE OF THE MECHANICAL
FACTOR

According to the original concept of OA devel-
opment in MS, it is the mechanical factor (over-
weightness) that contributes to hyperextension of
the ligamentous apparatus and increases the mobil-
ity of the intra-articular structures and the load on
the articular surfaces. Therefore, friction increases,
which implies constant irritation and development
of aseptic inflammation [7]. In addition, obese pa-

tients often have big bone mass, which increases the
pressure in the subchondral bone and contributes
to trophic disturbances, formation of subchondral
cysts, and destruction of the cartilage [8]. In this
case, the knee joint is the primary target affected
by significant biomechanical factors [9]. Numerous
studies of women with MS showed that an average
weight loss of 5 kg reduced the risk of developing
knee OA by 50% [10, 11].

However, overload of the joints cannot explain
convincing epidemiological data demonstrating
a link between obesity and OA of the upper limb
joints that do not carry a significant load. At the
same time, patients with obesity and MS have a
higher risk of gonarthrosis than patients with obesi-
ty without the metabolic syndrome [12].

According to modern data, the mechanical factor
in MS plays an aggravating role in progression of
OA, but this role is not the primary one. The main
systemic pathological processes are dyslipidemia
and hypersecretion of proinflammatory mediators
and cytokines by the adipose tissue [13]. Accu-
mulation of lipids in chondrocytes and low-grade
systemic inflammation (metainflammation) involv-
ing adipokines and cytokines disrupt homeostasis,
leading to lipotoxicity and degenerative changes in
the joint tissues [14].

DYSLIPIDEMIA

Lipid imbalance is a key metabolic disorder as-
sociated with metabolic syndrome and obesity. A
high-calorie diet affects adversely the barrier char-
acteristics of the gastrointestinal mucosa, contributes
to the violation of its integrity, and reduces the pro-
duction of antimicrobial peptides and mucins. In ad-
dition, the intestinal microbial flora changes, and the
production of proinflammatory metabolites, in par-
ticular, lipopolysaccharides (LPS), increases [15].
The increased permeability of the intestinal wall
provides excess supply of LPS to the systemic circu-
lation, which supports low-grade chronic inflamma-
tion in the body with the activation of innate immune
components via Toll-like receptors (TLR) 4 [16].

Preclinical studies showed that LPSs suppress
cartilage matrix synthesis, increasing the produc-
tion of IL-1B by the upregulation mechanism via
TLRs present in human articular cartilage [17]. In
addition, indirectly through activation of circulat-
ing monocytes, synthesis of osteopontin increases,
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which is responsible for activation of matrix metal-
loproteinases (MMR) and regulation of cell mi-
gration, has proinflammatory effect, and is able to
participate in vascular remodeling, contributing to
ischemization of the joints [18]. Accumulation of
LPS due to activation of transforming growth fac-
tor (TGF)p leads to an increase in ectopic bone for-
mation and enhances inflammation in the synovial
membrane due to activation of macrophages [17].

Dyslipidemia in MS leads to abnormal accumu-
lation of lipids in tissues, and hyperinsulinemia oc-
curring against the background of insulin resistance
with a compensatory purpose is both direct alterna-
tive and mediated in nature [13].

Articular chondrocytes, unlike most other cells,
are characterized by significant lipid deposits. Infil-
tration of excessively high lipid levels in chondro-
cytes in hyperlipidemia leads to lipotoxicity. Free
fatty acids are considered the main factors that have
a damaging effect. The obtained data prove that the
main mechanism underlying the damaging effect
of toxic concentrations of oleate and palmitate in
articular chondrocytes is implementation of apopto-
sis. A quantitative assessment of DNA hypoploid-
ia using flow cytometry revealed accumulation of
apoptotic cells with a subdiploid DNA content, and
an assessment of nuclear morphology showed that
nuclear condensation and fragmentation were sig-
nificantly increased. In addition, Western blotting
showed that oleate induced caspase-3 and -7, and
the pan-caspase inhibitor zVAD-fmk completely
prevented oleate-induced cytotoxicity [13].

Experiments on a mouse model using a high-fat
diet showed that the incidence of OA in the group
with the addition of polyunsaturated fatty acids
(PUFA) was lower, both for idiopathic and post-trau-
matic OA. PUFA inhibits apoptosis caused by hyper-
lipidemia by redirecting saturated fatty acids to tri-
glyceride pools, which are stored as neutral fats [19].

The two central categories of lipid mediators of
inflammation are omega-6 and omega - 3 PUFAs.
Omega-6 PUFAs, such as arachidonic acid, are pre-
cursors of proinflammatory eicosanoids, including
prostaglandins, thromboxanes, and leukotrienes.
Omega-3 PUFAs, such as eicosapentaenoic and
docosahexaenoic acids, on the contrary, inhibit the
intensity of inflammation. The experimental model
proved that the decrease in the omega-6 / omega-3
PUFA ratio, either through diet or genetically by

introducing the fat-1 transgen, which endogenously
converts omega-6 to omega-3 PUFA, leads to a re-
duced risk of developing knee OA [20, 21].

Mediated damaging factors of dyslipidemia are
manifested in disturbances of the microcirculatory
supply in the cartilage. Increased infiltration of the
synovial and subchondral vascular intima by lipids
contributes to the activation of lipid peroxidation
(LPO), development of endothelial dysfunction,
plasmorrhagia, progression of atherosclerosis, and
vascular remodeling [13].

HYPERGLYCEMIA AND INSULIN
RESISTANCE

Hyperglycemia and glucose toxicity are signif-
icant triggers of damage in gonarthrosis. Changes
in the function of glucose carriers on the surface of
chondrocytes contribute to maintaining the inflam-
matory and degenerative and dystrophic processes,
inhibiting the anabolic effects. Neurotoxic effects
of hyperglycemia lead to neuromuscular damage,
which worsens the course of OA and leads to desta-
bilization of the joints [22].

Hyperinsulinemia contributes to activation of
the sympathetic system; Na retention in the body
increases, which leads to additional occlusion of
the vascular lumen, development of arterial hyper-
tension, and deterioration of microcirculation [23].
Impaired joint perfusion under vascular remodeling
increases the risk of oxidative stress, which is espe-
cially unfavorable for the cartilage tissue due to the
absence of blood vessels and its initially reduced
antioxidant potential [24].

CHRONIC METABOLIC INFLAMMATION

Taking into account the developing hyperlip-
idemia and constantly increasing adipose tissue
mass in the metabolic syndrome, as well as its
good vascularization, inflammatory mediators,
free fatty acids from the adipose tissue, enter the
systemic circulation in a significant amount, subse-
quently affecting the intra-articular structures. The
spectrum of signaling molecules secreted by adi-
pocytes is very diverse. They can be divided into
specific molecules, such as leptin, and non-specific
ones, such as cytokines, in particular, IL-18, IL-4,
IL-6, IL-8, IL-13, IL-17, IL-18, chemokines
(CCL2, MIP-1a), and growth factors (TGFp,
IGF-1, VEGF, TNFa) [25].
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There is evidence that leptin is able to act
through insulin receptors and components of the
insulin cascade, becoming one of the causes of in-
sulin resistance in pathological concentrations [26].
Leptin has a dose-dependent effect on the joints. In
the physiological state, small doses of it stimulate
formation of the extracellular matrix in the car-
tilage and expression of TGFP and IGF-1 by os-
teoblasts [27]. The concentration is maintained by
the relationship between the articular cartilage and
the infrapatellar fat pad. The metabolic syndrome
is characterized by hyperleptinemia. In addition,
most cells of the immune system have receptors
for leptin and its antagonist, ghrelin. Leptin is in-
volved not only in metabolic correction, but also
in immune processes [28]. In particular, in innate
immunity, it activates macrophages and natural
killers (NK) and causes neutrophil chemotaxis. In
adaptive immunity, leptin affects proliferation and
differentiation of T cells, stimulates the formation
of Th-1 lymphocytes, and suppresses the concen-
tration of Th-reg [29].

In an experimental mouse model, leptin inhibi-
tion led to suppression of inflammatory responses,
including symptoms of arthritis. Intraperitoneal in-
jection of leptin resumed the inflammatory process.
Therefore, leptin indirectly induced the release of
IL-6 via synovial macrophages, which can lead to
degradation of proteoglycans, inhibit cartilage re-
generation, and enhance MMP13 expression [30].
Under the influence of leptin in chondrocytes, the
production of IL-1, one of the key proinflammato-
ry agents that has a catabolic effect through cascade
activation of other interleukins, such as MMP9 and
MMP13, and attraction of inducible NO-synthetase,
increases. Such effects also lead to chondrocyte
apoptosis, including p53-dependent apoptosis, and
activation of subchondral bone osteoclasts, which
causes bone remodeling and lysis with formation of
cysts [31]. In addition to inducing proinflammatory
cytokines, leptin also contributed to expression of
other cartilage catabolic factors, such as IL8, MMP2,
cathepsin, and calpain [32]. Moreover, leptin medi-
ated the dose-dependent expression of vascular cell
adhesion molecules (VCAM) in the synovial mem-
brane, correlating with severe OA [33].

Adiponectin is considered to be a mediator that
has a protective effect on the joint in metabolic OA.
However, all new studies characterize it as a proin-

flammatory agent, the effects of which are largely
similar to those of leptin [34]. In progressive obe-
sity, it is a mediator of insulin resistance and tis-
sue inflammation, contributing to the formation and
progression of OA [35].

Visfatin is produced constitutively not only by
adipocytes, but also by almost all local tissues that
are involved in the pathogenesis of OA, to a greater
extent by the synovial membrane and chondrocytes.
Like other adipokines, it has pleiotropic effects and
performs immune, proinflammatory, and enzymatic
functions [36]. The concentration of visfatin in the
blood plasma in OA significantly increases. Besides,
its high content was determined immunohistochem-
ically in the synovial membrane, especially around
blood vessels. In the experiment, osteoblasts were
as sensitive to visfatin as chondrocytes, since their
stimulation induced the expression and production
of the same proinflammatory cytokines and chemo-
kines (disintegrin, prostaglandin E2, IL-6, CCL2,
and MCP-1), and the prodegradative effects were
determined by the release of MMP-3, MMP-13, and
involvement of immunocompetent cells. The use of
the visfatin inhibitor APO866 showed a decrease
in the production of proinflammatory cytokines in
various cells from 63 to 94% [37]. A special role
in the formation of insulin resistance belongs to re-
combinant visfatin, which acts through the insulin
receptor IR3 [38].

OXIDATIVE STRESS

Chronic inflammation affects metabolism in the
joint by activating oxidative stress, which is one
of the most significant factors of genomic and mi-
tochondrial damage that initiates the processes of
cellular aging. The synergistic effect of systemic
inflammatory factors on chondrocytes and synovi-
al fibroblasts stimulates synthesis of cytokines and
degrading enzymes that induce destruction of pro-
teoglycans and type II collagen (Col2A1), the main
structural protein of the cartilage tissue. In addition,
impaired regulation of Col2al genes is observed,
which indicates a decrease in the reparative poten-
tial. Adipokines perform their functions by binding
to Toll-like receptors (TLRs) on target cell mem-
branes and initiating phosphorylation of the ERK/
p38/mitogen-activated protein kinase (MAPK) cas-
cade, which primarily causes changes in the intra-
cellular homeostasis, in particular, increasing the
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activity of NADP oxidase (NOX), the main source
of ROS generation.

The damaging effect of ROS in physiological
conditions is inhibited by the antioxidant system,
which is controlled by the transcription factor NRF2
(nuclear related factor 2). Receiving signals, its in-
active cytoplasm form KEAP1 (Kelch-like ECH as-
sociated protein 1) undergoes hydrolysis with cleav-
age of the active NF-E2-dependent factor 2 (nuclear
factor erythroid 2) and translocation to the nucleus,
where it launches biosynthesis of cytoprotective
enzymes, such as superoxide dismutase (SOD) and
catalase (CAT). During experimental sensitization
of chondrocytes and synovial fibroblasts with vis-
fatin, leptin, and resistin, a significant increase in
the endogenous superoxide anion, as well as NRF2,
catalase, and superoxide dismutase was proved. The
latter is explained by an acute adaptive compensa-
tory response. However, given that the potential of
antioxidant protection in the cartilage tissue is re-
latively reduced due to the peculiarities of its histo-
physiology, the membrane-protective effect is sup-
pressed under conditions of considerable amounts
of ROS, which affect the phospholipid bilayer both
endogenously, forming inside cells, and exogenous-
ly, appearing mainly from targets undergoing apop-
tosis [39].

Apoptosis is also facilitated by reduced expres-
sion of genes of the BCL-2 family proteins, which
are some of the regulators of this process inten-
ded to increase cell survival. In addition, there is
significant positive modulation of the expression
of some micro interfering RNA (miRNA) genes,
leading to a decrease in the proliferative potential,
stoppage of the cell cycle and cellular aging, imple-
mentation of apoptosis, and violation of the oxida-
tive balance. The effects of miRNA are enhanced
by the synergistic signaling of the NF-kB pathway,
which is a family of transcription proteins involved
in proinflammatory, immune, and stress responses
and activated by the MAP-kinase cascade [40]. Ex-
perimental modeling of oxidative and inflammato-
ry stress on synovial fibroblasts and chondrocytes
through constant impact of proinflammatory cyto-
kines, in particular, TNFo and H,O,, significantly
increased the proportion of aging cells among the
young population and limited it among the old
population. This indicated special susceptibility
of young cells to this type of alteration, while the

introduction of the antioxidant N-acetylcysteine or
fenofibrate suppressed aging and slowed down the
progression of OA. Aging cells are characterized by
irreversible stoppage of the cell cycle with a shift
of the phenotype towards a proinflammatory one,
therefore being pathological factors that can inde-
pendently maintain inflammation in the joint for a
long time [41].

VIOLATIONS OF ANGIOGENESIS

Activation of angiogenesis in chronic systemic
inflammation is of great importance in metabolic
OA. The balance between angiogenic and antian-
giogenic factors in the joint regulates the growth of
blood vessels, while proinflammatory factors that
increase with the metabolic status lead to a balance
shift. Inflammation in the joint can promote angio-
genesis directly by releasing growth factors from
cells, such as macrophages, as well as by stimulat-
ing or sensitizing other cells, such as chondrocytes
and osteoblasts, which, in turn, release additional
angiogenic factors.

What is more, hypoxia in the inflamed tissues is
a powerful stimulant of angiogenesis. Due to hy-
poxia, a compensatory increase in the expression
of the VEGF (vascular endothelial growth factor)
gene is observed. Recent studies confirm the sig-
nificant role of TNFa, which induces accumulation
of leucine-rich alpha-2-glycoprotein 1 (LRGI) in
the articular cartilage and subchondral bone, as a
powerful stimulator of pathological angiogenesis
and mesenchymal cell migration, which contribute
to aberrant osteogenesis [42]. In turn, progressive
angiogenesis aggravates the course of chronic in-
flammation and leads to endochondral ossification
and formation of osteophytes in the region of the
bone-cartilage junction. Increased permeability of
newly formed blood vessels contributes to the de-
velopment of edema [43]. Adhesion molecules,
such as E-selectin, are highly expressed by new ves-
sels, facilitating inflammatory cell infiltration [44].

SIGNIFICANCE OF INFRAPATELLAR FAT
PAD

All systemic processes in the metabolic syndrome,
directly or indirectly affecting the joint, change the
relationship between its structures, such as cartilage
plates, synovial membrane, and intra-articular adi-
pose tissue. Lately, special attention has been paid
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to the infrapatellar fat pad (Hoffa’s fat pad), which is
intracapsular but extrasynovial, performs the cush-
ioning function, and acts as a local paracrine appara-
tus. It is well supplied with blood and innervated, like
subcutaneous fat, and also has a strong connective
tissue framework [45]. Due to its location between
the articular cartilage and the meniscal surface, the
Hoffa’s fat pad reduces the load on the knee joint
and protects it in physiological conditions or at an
early stage of OA [46]. The infrapatellar fat pad im-
proves distribution of fluid in the joint by increasing
synovial membrane area and reducing friction, thus
enhancing stability in the joint [47].

The main functional unit of this structure is the
adipocyte which determines the ability to secrete
specific adipocytokines (such as leptin and adi-
ponectin), that have anti-catabolic effects on the
cartilage tissue (increase the production of pro-
teoglycans, type II collagen, expression of TGFf
and IGF-1) in physiological concentrations or the
ones slightly exceeding them, and, therefore, pre-
vent the development of OA at early stages [48].
Consequently, the infrapatellar fat pad can be de-
fined as an independent formation that regulates the
metabolic processes in the joint and counteracts the
pathogenesis of OA at initial stages.

However, against the background of a gradual
increase in proinflammatory systemic factors in the
body in the metabolic syndrome, the first response is
usually given by the synovial membrane. Findings of
knee joint MRI in patients with gonarthritis demon-
strated thickening of the synovial membrane in 73%
of patients with early OA, which corresponds to de-
velopment of chronic synovitis. Histological chang-
es were characterized by massive lymphohistiocytic
infiltration. Chronic inflammation in the synovial
membrane activated proliferation of fibroblasts and
blood vessels and migration of macrophages. At the
same time, the inability of synovial macrophages
to switch from the proinflammatory M1 subtype to
the anti-inflammatory M2 subtypes was observed,
which can contribute to the initiation and mainte-
nance of synovitis in OA, and cellular apoptosis is
enhanced. M1 macrophages contribute to inflam-
matory microenvironment and OA progression by
interacting with synovial fibroblasts and chondro-
cytes, thereby increasing MMP secretion [49].

Many authors believe that the Hoffa’s fat pad is
involved in the catabolic processes with a change

in their proinflammatory profile [50]. In this case,
the infrapatellar fat pad is able to produce the same
proinflammatory mediators and growth factors di-
rectly into the synovial fluid as distantly located ad-
ipocytes in the blood [51]. In MS, the infrapatellar
fat pad secretes higher levels of inflammatory fac-
tors and adipokines than subcutaneous fat [52].

On the other hand, chronic hypertrophy of the
Hoffa’s fat pad and concomitant damage to the
soft tissues of the joint lead to ischemia, inducing
abnormal distribution of the neurotransmitter SP
in the afferent fibers of nerve endings inside the
adipose tissue, which ultimately leads to chronic
neurogenic tissue inflammation, associated with
increased paraarticular pain by some authors [53].

The progression of gonarthrosis in MS leads to
changes in the infrapatellar fat pad, that increases
in size and becomes denser, which is confirmed by
MRI studies [54]. At initial stages of the disease,
this change is associated with the development of
edema, and at later stages — with hyperplasia caused
by the growth of the connective tissue, in which
Hofta’s fat pad is a complex, well vascularized, lay-
ered structure with fat lobules and foci of lympho-
histiocytic infiltration [55].

CONCLUSION

The metabolic syndrome is characterized by low-
grade systemic inflammation with the development
of obesity, dyslipidemia, insulin resistance, hyper-
glycemia, and oxidative stress. Each component of
MS is involved in the pathogenesis of osteoarthritis
(Figure).

Systemic exposure to inflammatory mediators
produced in MS, such as adipokines, cytokines,
adiponectin, and visfatin, stimulates aseptic inflam-
mation in the joint, leading to the development of
synovitis and cartilage degeneration.

Hyperlipidemia and oxidative stress have lipo-
toxic and proapoptotic effects, which leads to chon-
drocyte dysfunction and death.

Of the local factors in the pathogenesis of meta-
bolic gonarthrosis, an important role is assigned to
the intra-articular infrapatellar fat pad. New studies
demonstrated that the Hoffa’s fat pad is a substrate
that performs not only a cushioning function, but
also produces proinflammatory factors directly into
the synovial fluid and is significantly hypertrophied
in the MS.
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Figure. Components of the metabolic syndrome in the pathogenesis of osteoarthrosis

Therefore, MS leads to development of gonar-
throsis or contributes to its progression and is man-
ifested through systemic effects as well as through
the induced local effect of hypertrophied infrapatel-
lar fat pad on the components of the synovial en-
vironment of the joint. Products of tissue degrada-
tion and local and systemic inflammatory mediators
form a vicious circle that supports chronic inflam-
mation associated with impaired microcirculation,
neovascularization, and vascular sprouting into the
cartilage tissue with activation of foci of osteogen-
esis around the vascular channels, which causes
irreversible changes in the joint and contributes to
progression of gonarthritis.
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ABSTRACT

Coronary artery disease (CAD) remains one of the leading causes of death in developed industrial countries. Timely
and effective medical care for CAD patients depends on availability and application of endovascular methods
for CAD treatment. Percutaneous coronary intervention (PCI) using drug-eluting stents allows to achieve good
clinical results even in most severe patients. The issues of personalized invasive treatment for patients with chronic
coronary syndrome and optimal prevention of recurrent clinical events in survivors of acute coronary syndrome
and PCI remain relevant.

One of most important and unresolved problems in the pathophysiology of CAD is assessment of the nature of the
inflammatory reaction that develops in the coronary vessels and myocardium in response to ischemic damage and
PCI. Clinical studies focused on exploring a correlation between the proinflammatory parameters of the patient’s
status and the rate of secondary adverse events and aimed at revealing triggers of systemic and local inflammation
are of great interest. Such a trigger could be the intestinal endotoxin (ET) which is capable of inducing systemic
inflammation and, therefore, plays a significant role in the atherogenesis. A relationship between the endotoxin
and cytokine system parameters should be investigated to develop a therapeutic concept for supporting CAD
patients, including individuals after PCI. Parameters of systemic endotoxemia could be used as additional factors
in developing the biomarker-based approach to identify patients with active inflammation or fibrosis. This could
result in development of specific therapy aimed at suppressing proinflammatory mediators and protecting the heart
from inflammation.

Key words: coronary artery disease, percutaneous coronary intervention, inflammation, endotoxin, cytokines,
systemic endotoxinemia.
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PE3IOME

Nmemmueckas 6omne3ns cepaua (MbC) octaercst onHON U3 BEAYIIMX NPHYUH CMEPTHOCTH B Pa3BUTHIX HHAYCTPHU-
anpHBIX cTpaHax. CBoeBpeMeHHas 3P (EeKTHBHAS TOMOII JAHHOMY KOHTHHTEHTY OOJBHBIX 3aBHCHT OT JOCTYII-
HOCTU ¥ 3((EeKTHBHOCTH NMPHUMEHEHUs! SHI0BAcKyJsApHBIX MeTonoB jedeHus MBC. UpeckokHoe KOpoHapHOE
BMemaTenscTBo (UKB) ¢ mprMeHeHneM CTEHTOB C JIEKApCTBEHHBIM MOKPBITHEM ITO3BOJISET JOOMBATHCS XOPOIINX
KIMHUYECKUX PE3yJIbTaTOB AK€ y CAMBIX TSKENBIX IPYHI ManueHToB. OCTAOTCs aKTyadbHBIMH BOIPOCHI HeEp-
COHAJM3aIMH TUIAHOBOTO MHBA3WBHOTO JICUEHUS MALMEHTOB C XPOHUYECKHM KOPOHAPHBIM CHHIPOMOM, a TaKXkKe
ONTHMAaJIbHON BTOPUYHOHN MPO(UIAKTUKH MOBTOPHBIX KIMHAYECKUX COOBITHH y MALEHTOB, O1aronoaydHo mnepe-
JKUBILUX OCTPBIH KOpOHApHBIA cuHApoM 1 YKB.

OpnHOIt N3 BayKHEHIINX U Hepa3penleHHbIX mpobiieM B nmatodusnonornu UBC sBisercs oneHka Xapakrepa Bocma-
JIUTENBbHON peakiiy, pa3BUBAOILEiicad B BEHEUHBIX COCYJaX U MHOKap/e B OTBET Ha UIIEMHUYECKOE MOBPEXICHUE
n UKB. IIpencTaBisitoT MHTEpeC KIMHUYECKUE UCCIIE0BAHNU, HAIIpaBIEHHbIE Ha U3y4eHHEe KOpPesILuY IIoKa3aTe-
Jiell TIPOBOCTIAJTUTENIBHOTO CTAaTyCa MAl[MEHTOB C YaCTOTOW Pa3BUTHS MOBTOPHBIX HEOIATOIPHUATHBIX KIMHHYECKHX
COOBITHH C LIENbIO BBISIBJICHHUS HHAYKTOPAa CHCTEMHOT'O W MECTHOTO (B CTEHTE) BOCHAleHHs. BeposTHBIM KaHIH-
JIaTOM SIBJISI€TCSl KHIICUHBIH SHIOTOKCHH, CHOCOOHBIH MHAYIMPOBAaTh CHCTEMHOE BOCHAJICHUE M TaKUM 00pa3oM
UrPaOIINK CYIECTBEHHYIO POJIb B aTeporenese. HeoOXoquMbl MccIen0BaHUs B3aUMOACHCTBUS TapaMeTpOB SH-
JIOTOKCHMHOBOH U ITUTOKWHOBOM CHCTEM JUTs BEIPAOOTKH TeparneBTHIECKOi KOHIEINH moiepkku 6onpHbIX BC,
B TOM 4HcJIe IIOCIIe TPOBEIeHHS IIPOLIeyphl CTEHTHPOBaHUS KOPOHAPHBIX apTepuid. Vicronb3oBaHue mokas3areseit
CHCTEMHOH IHIOTOKCHHEMHHU B MPOTHO3E TeUEHHs 3a00JIeBaHUS MOXKET OBITH IOMONHHUTEIBHBIM (paKTOpOM JUIs
BBIPa0OTKHU MOAXO/I0B, OCHOBAaHHBIX HA OMOMapKepax A MACHTH(HUKAIMN OONBHBIX C AKTHBHBIM BOCTIAJICHUEM
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uiH GrOPO30M, YTO HPHUBENO OBl K pa3paboTke criennpUIecKOl Tepanuy, HalpaBIeHHOW Ha M0/IaBJICHHE TPOBOC-
NAJIMTEJIIbHBIX MEAUATOPOB U 3aLIUTY CEpAla OT BOCIIAJIUTEIIBHOI'O TIOBPEXKICHUS.

KuioueBble ciioBa: uiemMuueckas 00Je3Hb Cepara, YpeCKOKHOC KOPOHAPHOE BMEIIATEILCTBO, BOCITAJICHUE, DH-

JOTOKCHH, IIMTOKHWHBI, CHCTEMHAs SHIOTOKCHHEMHUSI.

KondaukTt nunTepecoB. ABTOPHI NEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIIHAIBHBIX KOH(INKTOB HHTEPECOB,

CBA3aHHBIX C ny6n1zn<au1/1e171 HACTOSIIEH CTaThH.

Hcrounuk puHaHCHPOBaHUsI. ABTOPBI 3asBISIOT 00 OTCYTCTBUY (PMHAHCUPOBAHMS ITPU HAIIMCAHHHU CTAaThH.

Jns uuruposanusi: Ps6os B.B., Kperos E.W., [Tonos C.B., Xacanos W.111., fIkosies M.1O. TexHomorus kopo-
HApHOTO CTCHTHPOBAHHS M POJIb BOCIIAJICHUS B aTepoTreHe3e: MPOOIEMbI H NEPCIICKTUBEL. bioiemenb cubupckoil
meouyunwvt. 2021; 20 (1): 200-212. https://doi.org/10.20538/1682-0363-2021-1-200-212.

INTRODUCTION

Cardiovascular diseases (CVD) account for the
largest share of overall mortality in European So-
ciety of Cardiology (ESC) member countries [1].
A common group of risk factors underlying the
cardiovascular pathology are associated with un-
healthy life style and may cause cancer, diabetes
mellitus, and chronic lung diseases, that account for
80% of overall mortality. According to the last Eu-
ropean registry, CVD risk factors remain prevalent
in patients with chronic coronary syndrome, and
prescription of secondary prevention medications is
not reasonable. Elderly patients and to some extent
female patients have a lower chance of receiving
appropriate therapy than young male patients [2].

Coronary artery disease (CAD) accounts for
more than 50 % of CVD mortality and 25.9 % of
overall mortality in Russia [3]. Timely and effective
medical care for CAD patients depends on avail-
ability and application of endovascular procedures
for CAD treatment, especially in acute coronary
syndrome (ACS), and on primary and secondary
prevention.

In recent years, a rapid increase in the number
of endovascular diagnostic and therapeutic inter-
ventions has been registered in Russia. More than
740,000 procedures were performed in 2018, of
which more than 220,000 were percutaneous cor-
onary interventions (PCI) [4]. It must be noted that
implementation of invasive methods for ACS the-
rapy allowed to achieve prominent results in sev-
eral Russian clinics. Nevertheless, despite the ap-
plication of antiplatelet and invasive reperfusion
therapy, the incidence of ACS and its complications
remains high [5, 6].

PCI is the most common invasive method to
treat CAD due to high early procedural success and
relief of symptoms. Technological development of
ultrathin passivated and drug-eluting stents enables
to achieve good clinical results even in most high-
risk patients with ST-segment elevation myocardial
infarction (STEMI) [7].

The prognostic value of invasive therapy in pa-
tients with chronic coronary syndrome has been
investigated for quite a long time. Thus, the ISCH-
EMIA clinical trial [8] failed to demonstrate that
PCI with stenting resulted in a lower number of
serious ischemic complications (death, myocardial
infarction (MI), cardiac arrest with return of spon-
taneous circulation (ROSC), hospitalization due to
heart failure (HF) or congestive HF (CHF)) in pa-
tients with moderate CAD, as opposed to optimal
drug therapy. Consequently, the issue of persona-
lization of planned invasive treatment for patients
with chronic coronary syndrome, namely selection
of patients that will benefit from invasive therapy to
the largest extent, remains relevant.

It is worth noting that along with improvement
of the stent technology, the problem of coronary
event recurrence has come to the forefront. It is
obvious that even with optimal secondary preven-
tion in survivors of ACS and PCI, intervention
in chronic coronary syndrome does not provide
zero residual risk of recurrent clinical events, such
as angina pectoris, MI, HF, and sudden cardiac
death.

Irrespective of the therapy success, researchers
more often confirm the inadequacy of the infiltra-
tion theory of atherogenesis and its consequenc-
es [9]. Drug therapy optimization is associated to
a large extent with the anti-inflammatory effect
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of medications. Today, assessment of the nature
of the inflammatory reaction that develops in the
coronary arteries and myocardium in response to
ischemic injury is one of the most important and
unresolved problems in the pathophysiology of
CAD. In this respect, an obvious gap in knowledge
is observed that was obtained in the clinical trials
[10, 11] studying a correlation of proinflammatory
parameters of the patient’s status with the incidence
of recurrent adverse events, including the rate of in-
stent restenosis.

The role of the immune system in the pathogen-
esis of CVD is well known: body immune protec-
tion is triggered by any stress effect [12], and acute
myocardial ischemia is not an exception. There are
several interdependent components of immune re-
sponse that can be engaged in CAD and HF patho-
genesis. Low-grade chronic systemic inflammation
is essential that manifests through chronic nonspe-
cific diseases involving the cytokine system. Hyper-
activation of this system accompanies degradation
of extracellular myocardial collagen matrix, ven-
tricular dilatation, and cardiomyocyte hypertrophy
(CMH).

There are many hypotheses on how and why
the level of proinflammatory cytokines, especial-
ly tumor necrosis factor alpha (TNFa), increas-
es and what causes immune response activation
while common symptoms of inflammation are ab-
sent. Besides the assumption on myocardial TNFa
production stimulated by elevated blood pressure
proportional to myocardial wall tension and left
ventricular end-diastolic pressure [13] and the hy-
pothesis on extramyocardial cytokine production
facilitated by tissue hypoxia and the excess of free
radicals [14], there is an endotoxin (ET) concept
of atherogenesis [15]. It is based on experimental
results [16] and is confirmed by clinical trials [17],
which allowed to formulate the endotoxin theory
of atherosclerosis [18]. Apparently, the intestinal
endotoxin may play a significant role in the ath-
erogenesis, because it is capable of inducing sys-
temic inflammation [19]. Therefore, further clin-
ical trials are required to study the possibility of
using systemic endotoxemia (SE) parameters for
prognosing the course of postoperative (after cor-
onary stenting) and follow-up periods to improve
the patient’s quality of life after endovascular in-
terventions.

DEVELOPMENT OF THE CORONARY
STENT TECHNOLOGY

As the PCI technology with stenting (stent tech-
nology) evolved, it became a common minimally
invasive method to cure different CAD forms due
to high procedural success, quality of life, and sur-
vival rate comparable to those coronary artery by-
pass grafting (CABG). Development of drug-elu-
ting stents (DES) created on the basis of bare-metal
stents (BMS) with addition of an anti-proliferative
medication resolved the problem related to rest-
enosis progression [20]. Release of the drug from
the stent surface allows to regulate the intensity of
inflammation occurring after coronary angioplasty
and stent implantation and thereby inhibit neointi-
mal hyperplasia in the region of blood vessel wall
damage [21]. Clinical data confirm the long term (5-
year follow-up) [22, 23] benefit of DES implanted
in millions of CAD patients [24].

Technological progress led to development of
DES with a unique hybrid coating combining pas-
sive and active components [25, 26]. The stent ske-
leton made of cobalt-chromium alloy with ultrathin
60 mm struts allows for perfect wall apposition, that
is very important for regional blood flow [27] and
stent endothelialization [28].

The metal body of the stent is completely covered
with a thin passivation layer of amorphous silicon
carbide (aSiC:H) that promotes stent endotheliali-
zation. The passivating effect of aSiC:H, which is a
wide-bandgap semiconductor, consists in inhibition
of electron transfer from the fibrinogen molecule with
zero total electric charge in the non-excited state to
the metal surface. Thereby, conversion of fibrinogen
to fibrin (through electrostatic interaction of charged
excited fibrinogen molecules) and its deposition on
the stent surface are reduced [29]. Clinical studies
[30] demonstrated that the passivation layer reduces
adhesion and activation of blood platelets and leuko-
cytes and significantly reduces release of potentially
allergenic ions from the metal stent skeleton, the lat-
ter being especially important in long-term follow-up
after stent implantation and total drug dilution.

Besides the silicon carbide layer, the stent body is
completely covered by a biodegradable poly I-lactic
acid (PLLA) polymer for limus delivery. PLLA has
been approved for many medical applications since
1960s, and its advantages include high biocompati-
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bility [31-33] and well-controlled solubility within
1-2 years, which contributes to gradual limus re-
lease, minimizing the inflammatory response over a
longer period of time [34].

Sirolimus, a natural macrocyclic lactone isolated
from Streptomyces hygroscopicus in the mid-1970s
and approved by FDA for prevention of kidney
transplant rejection in 1999, has immunosuppresive,
anti-inflammatory, and strong anti-proliferative ef-
fects [35]. It inhibits activation of the rapamycin
protein target and stops the cell cycle (progression
from phase G1 to S). Therefore, sirolimus restricts
proliferation of cells, including T-cells, and prolif-
eration and migration of smooth muscle cells, there-
by suppressing restenosis [36].

Sirolimus-eluting stents, as opposed to bare-met-
al stents, reduce neointimal hyperplasia [36]. Re-en-
dothelialization of human coronary arteries occurs
to the same extent in the BMS and DES groups
[37, 38]. In various animal models and clinical stud-
ies [39—41], sirolimus-eluting stents, as opposed to
BMS and polymer-coated stents, reduce neointimal
hyperplasia. Additionally, early effective neointi-
mal tissue maturation takes place [42, 43], and the
risk of stent thrombosis drops by 25% in compari-
son to other new-generation DES [44].

According to the results of the BIOSTEMI trial,
sirolimus-eluting stents with ultrathin struts showed
excellent clinical results in most high-risk STEMI
patients [7]. As the stent technology develops (ap-
proaches perfection) and related clinical outcomes
improve, the problems of postoperative complica-
tions and optimization of drug therapy are coming
to the forefront.

Myocardial remodeling in acute MI mediated
by cytokines and inflammatory cells includes myo-
cardial healing encompassing phagocytosis and re-
sorption of necrotic tissue, hypertrophy of survived
cardiomyocytes, degradation and synthesis of colla-
gen, proliferation of myofibroblasts, angio- and vas-
culogenesis, and proliferation of progenitor cells.
Death of cardiomyocytes and degradation of the
extracellular matrix induce release of signals acti-
vating innate and adaptive immunity and determine
the intensity of the inflammatory response. Inflam-
matory mediators are involved in adverse cardiac
remodeling (dilatation) and HF progression. Time-
ly suppression of proinflammatory mediators can
protect the heart from excessive inflammation-in-

duced damage. New approaches are required based
on detection of biomarkers (first of all inductors)
of systemic inflammation for identifying patients
with high risk of restenosis. Drug treatment of these
agents could improve clinical outcomes for patients
after PCI during a long follow-up period [9, 45].
Identification of factors that increase the risk of
in-stent restenosis, including cellular and inflam-
matory factors and blood markers, is a topical is-
sue [10]. The role of SE (in its pathogenic form —
ET aggression (EA)) in induction of atherogenesis
is becoming more prominent [46, 47]. Therefore,
studying the role of the lipopolysaccharide (LPS)
factor in initiation of systemic inflammation, devel-
opment of postoperative complications, and the rate
of restenosis progression becomes more relevant.

INFLAMMATION AS A FACTOR OF CARDIAC
PATHOLOGY

The immune aspect of CVD pathogenesis is well
known: immune defense mechanisms are activated
not only in any infection, but also in response to any
stress impact [12], including ischemia, hemodynam-
ic overload, intoxication, etc. There are several in-
ter-dependent immune system components that can
be involved in the pathogenesis. The main of them
are proinflammatory cytokines, the durable effect
of which leads to gradual destruction of myocardi-
al extracellular collagen matrix, ventricular dilata-
tion, and cardiomyocyte hypertrophy. These cardiac
remodeling processes can become irreversible [48]
and facilitate HF progression along with cytokine-in-
duced enhancement of cardiomyocyte apoptosis.

Cytokines can be defined as a new autonomous
system that regulates the main body functions, ex-
ists along with nervous and endocrine regulatory
systems, and is primarily aimed at maintaining ho-
meostasis upon penetration of pathogens and dis-
ruption of tissue integrity. Death of cardiomyocytes
and degradation of the extracellular matrix in the
infarcted myocardium induce signal release for acti-
vating innate and adaptive immunity and determine
the intensity of the inflammatory response. The role
of post-infarction inflammation in progression of
ischemic inflammation is contradictory, and inflam-
matory mediators are involved in adverse cardiac
remodeling (dilatation) and HF advancement.

The main cause of immunity activation in patients
without commonly recognized attributes of inflam-
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mation remains unclear. Along with neurohumoral
factors, realizing their effect through activation of
renin-angiotensin-aldosterone and sympathoadre-
nal systems, the key role in the pathogenesis be-
longs to proinflammatory cytokines, such as TNFa
[49-52] and interleukins IL-1 and IL-6, that modu-
late cardiovascular system functions [12, 53]. The
source of excessive cytokines can be “overstressed”
cardiomyocytes [54] or peripheral muscle cells.
However, data are available that cytokine release is
provoked by endotoxins (ET), i.e. lipopolysaccha-
rides (LPS) of Gram-negative bacteria, which are
capable of penetrating into the systemic circulation
through the impaired intestinal barrier.

Stagnation of venous circulation in the intestine,
which is inevitable when the myocardium is dam-
aged and the cardiac output drops, facilitates wall
permeability for bacteria and/or their toxins, which,
penetrating the circulation and interacting with the
CD14-receptor (CD — cluster of differentiation) of
immunocompetent cells, trigger synthesis of TNFa
and other cytokines [13, 14]. The intestinal origin of
ET and its transport into the circulation of patients
without signs of active infection are confirmed by
the fact that ET concentration in hepatic veins is
significantly higher than in the left ventricle (LV)
and pulmonary veins [55]. Absence of any differ-
ence between the TNFa levels in the pulmonary
veins and in the LV presumably excludes the heart
as the source of systematically increased cytokine
level [56].

Endotoxin is considered as a fundamental trig-
ger of cytokine storm, and chronic ET load is at
least one of the reasons for immune response ac-
tivation [57-59]. However, ET is also capable of
causing a hypo-response to successive loads known
as ET tolerance: repeated stimulation of monocytes
leads to reduced production of TNFa, IL-1a, and
IL-6 cytokines via the negative feedback mecha-
nism [60—62]. The ET tolerance phenomenon, be-
ing a complex regulatory response of the body to
inflammation, was studied at the level of changes
in cellular membrane molecules, signaling proteins,
pro- and anti-inflammatory cytokines, and other
mediators [63, 64]. Therefore, the ET activity in the
blood plasma, being a potential stimulator of im-
mune activation, has pathogenic effects.

The ability of LPS to activate the immune re-
sponse results from its interaction with TLR4,

the key receptor of innate immunity, which is
cardio-pathogenic in nature [65]. TLR4-media-
ted innate immune responses [66, 67] are capable
of triggering myocardial defense after the ische-
mia-reperfusion sequence (I/R) [68, 69], but they
are also involved in myocardial damage in the I/R
sequence and HF advancement [66, 67, 70-72].
Lack of TLR4 [70, 71] or modulation of TLR4-me-
diated activation of the factor kappa-B (NFxB) [66]
significantly reduces myocardial damage caused by
I/R, improves restoration of the cardiac function,
and reduces expression of inflammatory cytokines
and adhesion molecule genes [72].

Inflammation in some form and with some se-
verity grade is present almost in all main types of
cardiac pathology. The pathogenetic and morpho-
logical patterns of inflammation are almost identi-
cal and independent of its localization, except for
small variations in involvement of cellular elements
in the process. It was shown that the risk of develop-
ing acute MI in CAD patients increases during out-
breaks of influenza [ 18] and after surgical interven-
tions. Recipients of transplanted hearts suffer from
dramatically accelerated atherosclerotic damage to
the coronary system.

Clinical studies demonstrate that low-grade in-
flammation is associated with the pathogenesis of
serious chronic diseases, such as atherosclerosis
[46], diabetes mellitus, and age-specific neurolog-
ical diseases [73].

A correlation was discovered between the in-
flammation process and arrhythmias, in particular,
paroxysmal atrial fibrillation (AF), often occurring
after different interventions on the heart [74-76].
Increased levels of C-reactive protein (CRP) and
proinflammatory TNFa and IL-6 cytokines in the
blood plasma were found both in patients with par-
oxysmal and persistent AF [77-82], while higher
CRP level was observed in persistent AF [77, 78].
Furthermore, the CRP level can be used to predict
sinus rhythm restoration or AF recurrence in pa-
tients undergoing cardioversion [83, 84].

CRP and lectin-like oxidized low-density lipo-
protein receptor-1 (LOX-1), almost undetectable in
healthy arteries, can form a cyclic mechanism with
oxidized LDL (OxLDL) or L5 in proatherogenic
conditions, while elevated LDL level induces CRP
expression by endothelial cells [85]. In turn, that can
increase LOX-1 expression, facilitating atherogenic
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LDL capture by endothelial cells and appearing as
a key phagocytic receptor (macrophage receptor) to
bind OXLDL in atherosclerosis [86]. LOX-1 recep-
tors mediate proatherosclerotic effects of OxLDL
that lead to endothelial dysfunction, proinflammato-
ry monocyte recruitment to the arterial intima, for-
mation of foam cells, apoptosis of endothelial cells
and vascular smooth muscle cells (VSMC), and de-
stabilization and rupture of plaques [86].

Atherosclerosis and vascular restenosis devel-
op with VSMC proliferation. Recent studies have
demonstrated that VSMC proliferation is stimulated
by LDL via TLR4 receptors, however, the signal-
ing pathways are not completely studied [87]. It is
necessary to understand their role and molecular
mechanisms involved into control over VSMC pro-
liferation stimulated by LDL via the signaling path-
ways of TLR4 receptors. ET can stimulate different
signaling pathways, such as PI3K/Akt, MAPKs,
and IRAK1/4, which then facilitate NF-kB expres-
sion for VSMC proliferation. Studying potential
TLR4 signaling pathways of VSMC proliferation
remains relevant, which can be a new therapeutic
target for proliferative vascular diseases.

For further increase in the efficacy of CAD treat-
ment, especially its severe forms, such as acute MI,
new approaches based on biomarkers to identify
patients with active inflammation or fibrosis are
required, that could result in development of spe-
cific therapy. Timely suppression of proinflamma-
tory mediators can protect the heart from excessive
inflammation that can be a direct cause of plaque
destabilization.

PROBLEMS AND PROSPECTS

Development of the stent technology has en-
abled to solve one of the problems of PCI, namely
prevention of in-stent thrombosis and restenosis in
early postoperative period. The problem of preser-
ving the patient’s quality of life in the longer term
apparently cannot be solved only by improving the
quality of the stent and the implantation procedure,
for example, by applying control and visualization
methods like optical coherence tomography [43].
Further efforts are needed to study the mechanisms
of stenosis and restenosis, find inducers of athero-
genesis, and search for measures to prevent or at
least slow down the process. Identification of the
role of systemic inflammation in atherogenesis

is relevant, from the mechanism of its induction
through SE (and the role of LPS and antibodies to
it in this process) [18, 46, 47] to inclusion of the
cytokine system in the process.

This topic is investigated in the Russian national
prospective multi-center non-randomized non-in-
terventional clinical study “BIOFLOW-III VIP
Registry” organized for clinical evaluation of DES
implantation efficacy in daily clinical practice [11].
One of the secondary endpoints of the study which
is of great scientific interest is a working hypothesis
on whether patient’s inflammation status correlates
with clinical outcomes — serious adverse events
(SAE).

To prove the hypothesis, besides standard clin-
ical and biochemical blood parameters, vulnerable
inflammation parameters (VIP) are measured in the
blood serum of patients upon inclusion in the study:
IL-1, IL-6, CRP, cortisol, ET (LPS), antibodies
(AB) to the hydrophobic region of the ET molecule
(AB-LPS-PHOB), AB to the hydrophilic region of
the ET molecule (AB-LPS-PHIL). These laborato-
ry measurements are performed twice: during PCI
and if the patient has serious adverse events in the
course of 36-month follow-up.

The primary endpoint of the study is identifica-
tion of target lesion failure (TLF) within 12-month
follow-up due to cardiac death, target vessel Q-wave
or non-Q wave MI, emergency CABG, and clinical-
ly driven target lesion revascularization (TLR).

Secondary endpoints also include TLF at 6 and
36 months of follow-up; target vessel revasculariza-
tion (TVR) at 6, 12, and 36 months; target lesion
revascularization (TLR) at 6, 12, and 36 months;
stent thrombosis at 6, 12, and 36 months; clinical
device success; clinical procedural (PCI) success;
VIP registered during inclusion in the study; VIP
registered during SAE.

Acquisition of data on the correlation between
blood parameters and the frequency of SAE in pa-
tients will be relevant for optimizing dynamic FU
of CAD patients after PCI. Along with the possi-
bility to resolve the problem for a definite patient
cohort, the study results might be promising due
to general pathological meaning of VIP for devel-
oping a dynamic predictive algorithm of life- and
health-threatening adverse events (including vas-
cular catastrophes, HF decompensation, and dif-
ferent life-threatening forms of arrhythmia) with
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the use of integrative data bases and digital health
platforms [88]. The “BIOFLOW-III VIP Registry”
findings will allow to gain insight into the problem
of stent lifespan extension and could provide the
basis for developing a follow-up algorithm for PCI
patients using methods to normalize integrated SE
parameters.

MEASURES OF ENDOTOXIN AGGRESSION
PREVENTION AND ELIMINATION

Systemic inflammation is an attribute of life it-
self and an obligatory factor of homeostasis (intes-
tinal LPS activates adaptive body systems, inclu-
ding the immune system) [19]. Its pathogenic form
resulting from excessive LPS in the circulation is
considered as a pre-disease or a universal patho-
genic factor of human and animal diseases [89].
This approach is confirmed by clinical observations
of patients with allergic disorders, autoimmune
diseases, female infertility, idiopathic and viral uve-
itis, anorexia, obesity, type 1 and 2 diabetes, chron-
ic viral pathology (including AIDS), and physical
and psycho-emotional stress [19, 90-98].

The list of drugs, foods, food additives, and proce-
dures that are able to lower the ET concentration in the
systemic circulation is quite long [99-101]. It includes
enterosorbents and foods rich in fiber; Bifidobacteri-
um-containing products (live cultures) and foods (starch
drinks, etc.) that envelope the intestinal mucosa; chol-
eretic medications, products (garlic, etc.), and proce-
dures (gallbladder cleanse etc.); antiviral medications
with rectal administration; antibiotics (gentamicin, etc.)
binding LPS in the circulation; bacteriophages and foods
selectively eliminating various Gram-negative bacteria,
which cause EA development; moderate physical and
aquatic exercises; intravenous laser blood irradiation as
a method to increase anti-endotoxin immunity; selective
hemoadsorption (LPS filters) and immunodrugs — con-
centrate human AB to LPS (in critical states). Further-
more, development of new selective hemo- and entero-
sorbents on the basis of oligonucleotides appears to be
promising [102].

CONCLUSION

Advances in endovascular methods of CAD
therapy and prevention of acute cardiac pathology
using coronary stents are evident. Achievements in
stent technology refinement based on development
and application of new materials allowing for a sig-
nificant decrease in the rate of inflammatory com-

plications (primarily thrombosis) in early postoper-
ative period are impressive. This has permitted to
decrease mortality and preserve work capacity of a
large population cohort.

Further progress in vascular surgery can be
achieved in extending stent lifespan. A clear under-
standing of the key role of systemic inflammation
in development of restenosis in the stented coro-
nary artery has appeared, that apparently devel-
ops according to the mechanisms similar to those
in atherogenesis. Systematic understanding of the
role of microbiota in the homeostasis and general
pathology and the contribution of intestinal ET to
adaptation and atherogenesis induction was shaped.

Methodological and methodical basis for study-
ing the role of endotoxemia in the pathogenesis was
developed. We identified the range of drugs, foods,
additives, and procedures capable of preventing
and/or stopping EA and systemic inflammation in-
duced by it by affecting the inflammation inductor.
The relevance of creating a new generation of an-
ti-endotoxin agents using selective hemo- and en-
terosorbents on the basis of oligonucleotides was
substantiated.

Due to the general pathological significance of
the inflammatory process, further studies on the
relationship between ET and cytokine system pa-
rameters are promising for developing a therapeutic
concept of CAD patient management, including in-
dividuals after coronary stenting.
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ABSTRACT

The article describes a clinical case of chromosomal mosaicism in a boy, 4 months and 3 weeks old. Cytogenetic
analysis of peripheral blood lymphocytes of the child made it possible to establish the karyotype mos47,XY,+8/46,XY
with an approximately equal ratio of normal and abnormal cells. The pathogenetic effects of the mosaic form of
trisomy 8 are discussed. The authors discussed the results of examination of the patient’s mother during pregnancy
as part of a combined prenatal screening for congenital and hereditary diseases. The difficulty in prenatal diagnosis
of chromosomal mosaicism is noted and explained by the lack of specific biochemical and ultrasound markers.
However, in the late pregnancy period, ultrasound signs of impaired development of the brain, heart, and kidneys
associated with a chromosomal abnormality can be detected.
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OnucaH KIMHUYECKHUH CiTydail XpOMOCOMHOTIO MO3aHII3Ma y Malb4rKa B Bo3pacte 4 mec 1 3 Hex. L{utorenernue-
cKuii ananmu3 MuMQonuToB neprupeprudeckoil KpoBH peOeHKa O3B0 yCTaHOBUTH KaproTun mos47, XY, +8/46,XY
¢ IpHOIU3UTEILHO PABHBIM COOTHOLICHHEM HOPMAIBHBIX U aHOMAJIBHBIX KJIETOK. OOCYKIal0TCs aTOreHeTHYe-
ckue dddexTsl MozanuHoi (opmsl Tpucomun 8. [IpuBoasTCS pe3ysbTaThl 00CIEAOBAHHUS MaTepy MAlUEHTa BO
BpeMsi OEpEeMEHHOCTH B paMKaxX KOMOMHHPOBAaHHOTO MTPEHATAIBHOTO CKPUHUHTA BPOXKICHHBIX U HACIIESICTBEHHBIX
Gonesneit. OTMeuaeTcs CIIOXKHOCTh MPEHATATBHON THArHOCTHKU XPOMOCOMHOTO MO3aHIM3Ma B CBS3U C OTCYT-
CTBHEM crenuduueckux OMOXMMHYECKUX M yabTpa3ByKoBbIxX (Y3) mapkepoB. OfHaKO Ha MO3AHHX CpoKax Oe-
PEMEHHOCTH MOTYT OBITh OOHApyXKeHbI ¥Y3-pHU3HAKK HApYIICHHSI Pa3BUTHS TOJOBHOIO MO3ra, CepAla U IMouek,
aCCOLMHMPOBAHHbIE C XPOMOCOMHOI aHOMaJTUEH.

KiaroueBble cjioBa: NpeHaTajbHasd JUAarHOCTHKA, TPUCOMUA 8, XpOMOCOMHLIﬁ MO3auIM3M, IIUTOT€HETHYCCKHUI
aHaJlIuns.

KOHq).]'IPIKT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq;).IH/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6III/IKaIII/IeI71 HACTOSIIEH CTaThH.

Hcrounuk puHaHCHPOBAHUS. ABTOPHI 3asIBISIOT 00 OTCYTCTBUH (DMHAHCHPOBAHMUSL.

Jas uutupoBanms: Hepcecsn C.JI., PeitenkoBa O.U., Bonkos A.H. Kinnnuko-renernyeckoe ornucaHue U aHa-
JU3 CiTydast XpoMocoMHOro Mo3aurmsma mos47, XY, +8/46,XY. bronremerns cubupcrou meouyunst. 2021; 20 (1):
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213-217. https://doi.org/10.20538/1682-0363-2021-1-213-217.

INTRODUCTION

Complete trisomies of autosomes in humans usually
lead to early intrauterine fetal death and abortion before
7-8 weeks of gestation. Trisomies on chromosomes 13,
18, and 21 are exceptions, as they are not fatal, but are
accompanied by congenital malformations. Biochemical
and ultrasound markers of a these aneuploidies, as a rule,
are quite clearly detected from 11-14 weeks of gestation,
which allows for performing prenatal screening of genet-
ically abnormal fetuses [1].

On the contrary, mosaic variants of trisomies are not
often associated with pronounced developmental anoma-
lies and may be unrecognized during prenatal screening.
Health status of such patients at birth and in the future
depends on the type of chromosome involved in the ab-
normality and the ratio of normal and mutant cells in the
body. The clinical presentation of chromosomal mosa-
icism is unstable, which complicates the establishment of
the cause of the pathology and the final diagnosis [2].

Trisomy on chromosome 8 in newborns is a rare event
as only its mosaic variant is compatible with life and
currently considered an independent syndrome (consti-
tutional trisomy 8 mosaicism syndrome, TSMS). Single
studies of sufficiently large population samples give an
approximate estimated frequency of the anomaly rang-
ing from 1 /25000 to less than 1 /50000 [3]. Among pa-
tients, there is a heterogeneity of clinical manifestations
associated, apparently, with the proportion of mutant
cells in the body and their predominant localization. To
date, few newborns without serious abnormalities were
identified. They had demonstrated satisfactory physical
and intellectual development in the future, normal life
expectancy reproductive problems in adulthood [4] and

even had children [5]. On the other hand, the majority of
patients have pronounced malformations that are already
noticeable at birth [2, 6-10].

Characteristic symptoms of TSMS with a significant
proportion of mutant cells are anomalies of the axial
skeleton and limbs: a short wide neck, skull deformities,
scoliosis, and camptodactyly. Deep transverse folds on
the palms and feet are almost always revealed. Cranio-
facial dysmorphisms may include protruding forehead,
hypertelorism, flattened nasal bridge, upturned nose, and
ear deformities and misalignment. Internal organs are
usually without lethal lesions; often there is agenesis of
the corpus callosum, ventriculomegaly, heart defects of
varying severity, and hydronephrosis. Disorders of psy-
chomotor development are rather mild: delayed devel-
opment of speech and motor skills and moderate mental
retardation [6-8, 10].

Currently, a positive association has been established
between the presence of an additional 8th chromosome
in the karyotype and the likelihood of myelodysplastic
syndrome [11-14]. According to some data, trisomy &
as a somatic mutation is found in 5-7% of cases of this
pathology [11, 12]. It is recommended to refer patients
with an identified clone of bone marrow mu- tant cells to
the oncological risk group [13]. Obviously, patients with
a mosaic variant of trisomy 8, established on the basis of
a cytogenetic analysis of lymphocytes, automatically fall
into this cohort and should be under the supervision of
an oncologist.

Registration and description of all new cases of
T8MS are necessary not only to assess the frequency and
spectrum of chromosomal abnormalities in the popula-
tion, but also to determine the correlation between the
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proportion of abnormal cells and severity of clinical
symptoms in a patient. The search for prenatal pathol-
ogy markers by retrospective analysis of the pregnancy
course in mothers with children having mosaic variant of
trisomy 8 is also relevant.

CLINICAL CASE

A boy S., 4 months and 3 weeks old, was referred to
the Medical-Genetic Consultation Department of Kem-
erovo Regional Clinical Hospital for examination by a
geneticist. The reason for the referral was a disorder in
development of the external genital organs (hypospadi-
as). At the examination, numerous craniofacial dysmor-
phisms were additionally revealed, such as hydroce-
phalic form of the skull, sunken nasal bridge, Asian-like
eyes, upturned nose, abnormal auricles, and a short neck.
In addition, partial cutaneous syndactyly of the 2nd and
3rd toes of both feet was revealed.

The child was born from the 1st pregnancy. The
mother was 22 years old, had been overweight since
childhood, was not registered at the dispensary, her
work was not associated with harmful conditions, and
poor health habits were absent. Intrauterine develop-
ment of S. proceeded against the background of chronic
placental and isthmic-cervical insufficiency, gestation-
al hypertension, and polyhydramnios. S.'s weight at
birth was 3,780 g and the Apgar score was 7/7. The
child was bottle-fed, weight at the age of 4 months is
6,700 g (slightly underweight). In the maternity hos-
pital, the following was established: moderate asphy-
xia, cephalohematomas over the right and left parietal
bones, glanular hypospadias, and hypoconjugational
jaundice.

From the maternity hospital, the child was trans-
ferred to the neonatal pathology department due to the
diagnosed heart defect. Detailed examination revealed
perimembranous defect of the interventricular septum,
moderate stenosis of the pulmonary artery, and minor
anomalies in heart development, such as open oval
window and anomalies of the chordal apparatus. Ac-
cording to the ultrasound examination of the brain, S.
had partial agenesis of the corpus callosum, moderate
deformation of the ventricular system, and hydrocepha-
lus. Cerebral ischemia of the 2™ degree and excitability
syndrome were established. Psychomotor reactions with
slight deviations included holding the head unconfident-
ly, not always reacting to sounds, turning over on his
side, following objects with eyes, reacting to toys, or
smiling. Concomitant pathologies included dacryocys-
titis, bilateral focal pneumonia, and chronic tubo-otitis
on both sides. Sensorineural hearing loss was suspec-
ted. The bilirubin level remained high and reached up
to 143.9 umol / L due to the indirect fraction.

To exclude chromosomal pathology, the child was
referred for karyotyping. Cytogenetic analysis of 100
metaphase plates from peripheral blood lymphocytes re-
vealed two clones of cells with a normal male karyotype
46,XY and trisomy on the 8th chromosome 47,XY,+8
in almost equal proportions. Thus, we can state that
S. had trisomy 8 in a mosaic form with the karyotype
mos47,XY,+8[52]/46,XY[48] (Figure).

This clinical case raises the question of the possibil-
ity of prenatal diagnosis of chromosomal mosaicism of
the established type. We performed a retrospective anal-
ysis of the results of ultrasound and biochemical studies
of S.'s mother during pregnancy. The first examination
was carried out at 13 weeks of pregnancy. Fetal heart
rate — 157 beats / min, crown-rump length (CRL) value —
67.4 mm, nuchal translucency (NT) — 1.1 mm. All in-
dicators were within normal limits. The content of the
free B-subunit of hCG in the blood serum of the woman
was 49.5 IU / L (1.458 MoM), PAPP-A - 0.703 IU/L
(0.214 MoM). Taking into account the age of the moth-
er, the individual risk of trisomy 21 was 1:124, the risk
of trisomies 18 and 13 was 1:1902 and 1:3848, respec-
tively.

Since the risk of common chromosomal abnormali-
ties of fetus was calculated to be low (less than 1:100),
the woman was not referred for invasive prenatal testing.
Further ultrasound examination of the fetus was carried
out in the II trimester of pregnancy. No developmen-
tal defects associated with chromosomal abnormalities
were identified.

The difficulty in prenatal diagnosis of the mosaic
form of trisomy 8 is also confirmed by the previously
published data. Comparison of the results of combined
screening of 28 pregnancies that ended in birth of chil-
dren with T8MS demonstrated that the most common
(50% of cases) reason for invasive diagnosis is the age of
the woman. In 18% of cases, deviations in the biochem-
ical parameters of the pregnant women’s blood were
found. Finally, 21% of fetuses had ultrasound signs of
developmental disorders. At the same time, the spectrum
of ultrasound indicators was quite wide, which does not
allow for identification of specific prenatal markers for
T8MS [2].

Surprisingly, in most of the previously described
cases, immediately after the birth of a child, a com-
plex of malformations was detected, comparable to
the one found in S. Three groups of anomalies were
noted: those associated with the development of the
brain, heart, and kidneys [2, 4, 6, 9, 10]. Obviously,
with qualified ultrasound diagnostic doctors and proper
equipment of medical institutions, these TSMS mark-
ers might have been detected at least in the II or III
trimester of pregnancy.
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CONCLUSION

Thus, prenatal detection of mosaicism on chromo-
some 8 in the framework of the current screening of preg-
nant women is difficult. Biochemical and ultrasound in-
dicators of an increased risk of trisomies on chromosome
13, 18, and 21 may not reflect the health status of a fetus

LA !

with T8MS. Ultrasound markers of pathology become
noticeable in late gestation. Malformations the heart and
kidneys are noted. At the same time, the prognosis for
the life and health of newborns is relatively favorable,
and the severity of developmental defects, apparently, is
associated with the proportion and predominant localiza-
tion of abnormal cells in the body.
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Figure. Abnormal karyotype 47,XY,+8, found in 52% of the patient’s lymphocytes
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Clinical case of ataxia of toxic origin
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ABSTRACT

A clinical case of ataxia development associated with accidental phenobarbital overdose is presented. Clinical
manifestations and differential diagnosis are described; the results of laboratory examinations for this pathology are
presented. In conclusion, the importance of collecting anamnestic data is emphasized.
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KAvHMYecKnii cyvaid aTakcMm TOKCUYECKOro reHesa
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PE3IOME

IpencraBieH KIMHWYECKUH CiIydail pa3sBUTHS aTakCHMd Ha (oHE ciIydallHO IIepero3MpoBKH (eHobapOuTai-
cozepxarero npemnapata. Onucanbl KIMHAYECKHE MPOsBIEHNMs, quddepeHIranbHas JMarHoCTHKa, TPUBEICHBI
Ppe3yJIbTaThl TA0OPAaTOPHBIX 00CIIeIOBaHUI IPH JAaHHOI ITaTOJIOTHH. B 3aKiioueHne genaeTcst akeHT Ha BaXKHOCTD
cOopa aHaMHECTHYECKUX CBEICHHUI.

KiroueBrble ciioBa: ATaKCUs, KIIMHUYCCKasl HEBPOJIOI'sl, TOKCUKOJIOI' M.

KonpaukT nunTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaKeil HACTOSIIEH CTaThH.

HUcTounuk Q)m{aﬂcnponamm. ABTOpLI 3asBJISIOT 00 OTCYTCTBHUHU (bI/IHaHCI/IpOBaHI/ISL
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CooTBeTCTBHE NPUHIUIIAM JTHKH. I[Hﬂ HyGHI/IKaHI/IH JAHHOTO KJIMHHUYECKOIro Cclry4das OBLIO TIOJIy4Y€HO
MMHCHbMEHHOC COIJIaCHE IMalreHTa. Onuncanne KINHHYECKOTO cirydas 0}106p€H0 JIOKAJIbHBIM OTUYCCKHUM KOMHTETOM

Haywnoro nienTpa HeBponoruu (r. Mocksa).

Jsa uutupoBanus: Packypaxes A.A., Kysuenosa ILU., Tanamss M.M. Knunnueckuii cirydyail aTakCUl TOKCH-
4ecKoro reHesa. broaremens cubupckou meouyunst. 2021; 20 (1): 218-220. https://doi.org/10.20538/1682-0363-

2021-1-218-220.

INTRODUCTION

Ataxia is a clinical syndrome of incoordination,
which may result from damage to the cerebellum
and related pathways [1]. Among the main mani-
festations of ataxia are gait disturbances and dys-
metria, often associated with dysarthria and nys-
tagmus. According to the classification [2], three
major groups of ataxia can be defined: acquired,
hereditary, and non-hereditary degenerative. The
first group is comprised of a vast array of disorders
including toxic, paraneoplastic, immune-mediated,
and vitamin deficiency disorders. This article pres-
ents an unusual case of subacute ataxia of toxic ori-
gin due to phenobarbital exposure.

CLINICAL CASE

Patient D., a 32-year-old male, a dentist, had an
appointment with a neurologist at the Research Cen-
ter of Neurology where he complained of slurred
speech, dizziness, unsteadiness and “staggering”
gait (the patient himself described it “as if I were
drunk”). Three days prior to the visit, he was ad-
mitted to one of the city hospitals with the specified
symptoms. Upon admission, a computed tomogra-
phy of the brain was performed. A CT scan with no
pathological changes was obtained, and the patient
was diagnosed with a transient ischemic attack in
the vertebrobasilar basin. Subsequently, the patient
left the medical facilityon his own. The symptoms
developed gradually in the course of several weeks
with no obvious etiological factor.

On examination, the patient was conscious,
though drowsy. Systolic blood pressure was 100
mm Hg, diastolic — 60 mm Hg; heart rate was 64
bpm. A neurologic examination revealed moderate
dysarthria, severe horizontal and vertical nystag-
mus, dysmetria during finger-to-nose test, and dys-
diadochokinesia. Kinetic tremor, muscle hypotonia,
and hyporeflexia were also noted. The gait was un-
steady, wide-based.

Magnetic resonance imaging of the brain showed
no signs of ischemic or degenerative pathology; the
results of ultrasound examination were within nor-
mal values.

The patient denied the use of alcohol or any nar-
cotic substances. However, when clarifying the ana-
mnesis, it turned out that during the previous month
the patient had problems with sleep, for which he
was taking the drug “Valocordin” (Table 1).

Table 1

Composition of the “Valocordin” drug

Substance Content, mg per 1 ml of the drug
Phenobarbital 18.40
Ethyl bromisovalerianate 18.40
Menthol oil 1.29
Hop oil 0.18
Ethanol 469.75

Due to its sedative properties, this drug is fre-
quently used as a mild sleeping medicine with a stan-
dard dose amounting to 10-20 drops (0.25-0.5 ml).
In the described case, the patient used 20-25 ml of
“Valocordin” every other night for 4 weeks.

Subsequent blood and urine tests were performed
(Table 2), which demonstrated a significant increase
in phenobarbital excretion. On this basis, it was sug-
gested that the patient had phenobarbital intoxication
with ataxia being the main clinical manifestation.

The patient was prescribed intravenous saline
infusions, as well as oral activated charcoal for the
next 10 days. On the 2™ day of the therapy, a signi-
ficant improvement was observed, on the 8" day the
patient had made a complete recovery.

Table 2
Laboratory findings in patient D., 32 years old
Parameter Value | Reference
Complete blood count
Hemoglobin, g/L 151 131-173
Erythrocytes, x 10'%/L 5.06 4.3-5.7
Hematocrit, % 443 39-49
Platelets, x 10%/L 386 180-320
Leukocytes, x 10°/L 7.29 4.5-11.3
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Table 2 (continued)

Parameter Value Reference
ESR, mm/h 17 0-15
Hemostasis
APTT, s 31.9 25.1-36.5
PTI, % 98 70-130
Fibrinogen, g/L 5.11 1.84.0
Antithrombin III, % 153 75-125
Blood chemistry
Creatinine, mcmol/L 68.0 62—-106
Glucose, mmol/L 5.0 4.1-5.9
ALT, U/L 18.6 <41
AST, U/L 28.3 <40
CPK, U/L 211 <190
Bilirubin, mcmol/L 3.1 <24
C-reactive protein, mg/L 83.97 <5
Uric acid, mcmol/L 468.0 202.3-416.5
Excretion of barbiturates in urine
Amobarbital, ng/mL 0.0 0-200
Butalbarbital, ng/mL 0.0 0-200
Pentobarbital, ng/mL 0.0 0-200
Secobarbital, ng/mL 0.0 0-200
Phenobarbital, ng/mL 501,538.9 0-200

Note. ESR — erythrocyte sedimentation rate, APTT — activated
partial thromboplastin time, PTI — prothrombin index, ALT - alanine
aminotransferase, AST — aspartate aminotransferase, CPK — creatine
phosphokinase.

Authors information

CONCLUSION

Ataxia is a common neurological syndrome and
a frequent reason for seeking medical care. Never-
theless, a broad spectrum of underlying patholo-
gies is associated with this condition, which often
presents difficulties in differential diagnosis. The
described case underlines the necessity of a de-
tailed and thorough patient interview, which was
proven to be of vital importance in this particu-
lar patient. Although ataxia is listed in the “Side
effects” section of the phenobarbital instructions
for use, a search for relevant publications in the
PubMed database did not reveal any reports of
ataxia resulting from accidental overdose of phe-
nobarbital drugs.
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