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Pe3ysibTaThl TEpAIUU 0OJBHBIX KJIacCUYeCKOU JuM@poMon
Xom:KKHNHa 3a 10-J1eTHHH nepuoja B r. HoBocuoupcke

Boiitko M.C.}, IlleOynsieBa f.10.!, Mesur E.B.', KoBbiaeB 1.B.!, Heuynaesa I1.H.2,
Xasnw30B K.B.}, [TocniesioBa T..!

'@I'OY BO «Hogocubupckuil 2ocydapcmeeHHtbiil meduyuHckuil yHugepcumem» Munaopasea Poccuu

2I'bY3 HCO «I'opodckas xaunuueckasn 6oavHuya NO 2» (Hosocubupck)

Outcome of classical Hodgkin’s lymphoma treatment
over ten-year period in Novosibirsk

Voytko M.S.}, Shebunyaeva Y.Yu.!, Mezit EV.}, Kovynev I.B.}, Nechunaeva I.N.2,
Khalzov K.V}, Pospelova T.I.*

‘Novosibirsk State Medical University
2City Clinical Hospital No. 2 (Novosibirsk)

AHHOTAIIUA

ITenp uccaemoBanus. OUEHUTH JOJTOCPOIHBIE PE3YJIHTATHI TEPATIUU 32 10-JIETHUH MTEPUOJT Y OOJIBHBIX KJIaCCHYe-
ckoit mumbomoit XomkkuHa (kJIX) B r. HoBocubupcke.

MaTepuasibl U1 METO/MBI. B HMccaenoBaHue BKIIOUEHBI 362 manueHTa ¢ kJIX, HaGIroAaBIInecss B reMaToI0rnde-
cxkom otaenenun ['BY3 HCO «T'opojickas kinmHu4yeckas 6oapHUIa N2 2» 1. HoBocubupcka ¢ suBapsi 2008 1. 110 1eKabpb
2018 .

Pesysbrarhl. JlecaTUieTHAS U 5-JIeTHsIsA 001as BeikuBaeMocTh (OB) y 6osbHbIX KJIX Ha panHux craausx (I u 1)
cocrtaBmia 95.1 1 98 % COOTBETCTBEHHO, ¥ 60/1bHBIX ¢ IIT u IV craausavu — 89.2 1 90.5 % COOTBETCTBEHHO. be3peruanBHas
BbpKHBaeMocTb (BPB) y 60spHBIX ¢ I, IT cTagueii 6bu1a paBHA 85 %, B TO BpeMs Kak y nanueHTos ¢ I11 u IV cragueit — 66.5 %
(p = 0.01). ITokazaTesnu BbKUBAEMOCTH O0IBHBIX KJIX ¢ 671arONPUATHBIM IIPOTHO30M 3a00JIEBaHUSA B TEUEHHE 5 U 10 JIET
IocJIe JIEUEeHUs OKa3aJIuCh PaBHBI 100 %, TOT/a KaK Y MAI[HEHTOB ¢ HEOJIATONPUSTHBIM IIPOTHO30M 3TH 3HAUEHUsI COCTaBU-
au 91.7 u 88.9 % coorBercrBeHHO. [IsaTunerHsass BPB B rpymie 60bpHBIX ¢ 6J1aTONPUATHBIM IIPOTHO30M COCTaBHIIA 95 %,
10-J1eTHAS — 91 %, y 6OJIBHBIX ¢ HEOIATOIPUATHBIM IIPOrHO30M — 80.8 1 70 % cOOTBETCTBEHHO (P = 0.001).

3aknwueHnue. [loydeHHbIE PE3YJIBTAThI CBU/IETETHCTBYIOT O BBICOKOM IIPOIIEHTE BBI?KUBAEMOCTH OOIBHBIX KJIX U
COIIOCTABUMBI C Pe3yJIbTaTaMU JAPYTHUX UCCIEIOBATEIbCKUX TPYII. Tak, MoKa3aTenu 5-JeTHeH o01el u 6e3peruanBHOMN
BBI’KUBAEMOCTH IIPU UCIIOJIb30BAHUN KOMOMHUPOBAHHBIX METO/IOB MIPEBBIIAIOT 95 1 80 % coOTBeTCTBEHHO. OTpeiesieHne
[IEPCIIEKTUB YJIyUIIIEHUS PE3YJITATOB TEPAIIUH IUKTYET HEOOXOUMOCTD IIPO/IOJIKUTH TATHBHEHIITNI HAyYHBIN IIOUCK OIITH-
MaJIbHBIX PUCK-aIaITUPOBAHHBIX ITPOrpaMm JyieueHus KJIX.

Kmoueewnte caosa: muvmbpoma XoKKIUHA, 0011ast BEIKUBAEMOCTb, O€3pelHINBHAS BHI?KUBAEMOCTb.

ABSTRACT

Aim of the research. To assess the long-term results of therapy over 10 years in patients with classical Hodgkin’s
lymphoma (cHL) in Novosibirsk.

Materials and Methods. The study included 362 patients with cHL who were followed up in the Hematology
Department of the City Clinical Hospital No. 2 in Novosibirsk from January 2008 to December 2018.

Results. Ten-year and 5-year overall survival (OS) in patients with early-stage (I and II) cHL was 95.1 and 98%
respectively, in patients with stages III and IV — 89.2 and 90.5% respectively. Relapse-free survival (RFS) of the I and
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11 stage patients was equal to 85%, while in patients with stage IIl and IV — 66.5% (p = 0.01). The survival rates of patients
with cHL with a favorable prognosis within 5 and 10 years after treatment were equal to 100%, while in patients with a
poor prognosis these values were 91.7 and 88.9% respectively. Five-year RFS in patients with a favorable prognosis was
95%, ten-year RFS — 91%, in patients with a poor prognosis — 80.8 and 70% respectively (p = 0.001).

Conclusion. The findings indicate a high percentage of survival in patients with cHL and are comparable with the
results of other research teams. Thus, the indicators of 5-year overall and relapse-free survival when using combined
methods exceed 95 and 80% respectively. Determination of the prospects for improving treatment results dictates the
need to continue further scientific search for optimal risk-adapted cHL treatment regimens.

Keywords: Hodgkin’s lymphoma, overall survival, relapse-free survival.

JIumpoma Xomxkuna (JIX) — B-ximerounoe
3JI0KaUeCTBEHHOE HOBOOOpa3oBaHMe JTHUMQOUTHOMN
TKaHHU, CyOCTPATOM KOTOPOTO SIBJISIOTCS HEMHOTO-
YKCJIeHHbIE OIyX0JIeBble MHOTOsIIEpHbIe KIeTKN Be-
pesoBckoro — Pug — Illtepu6epra (BPIII) u moHo-
HyKJIeapHble KJIETKH XOJ/DKKHHA, PACIIOIOMKEHHBIE
cpeq peobIaIaloIero PeakKTUBHOTO KJIETOUHOTO
MUKPOOKDY?KEHUS, MPeACTaBIeHHOro T-muMdoru-
Tamu, mMakpodaramu, NK-kineTkamu, 303UHOGUID-
HBIMU U HEUTPODUIbHBIMU TpaHyaoIuTaMu [1]. 3a-
6oJieBaHUeE SBJISIETCS OTHOCUTENIBHO PEAKOH IaToI0-
ruen (2.2 crydas Ha 100 000 HaCeJIEHUs B TOJT), TEM
He MeHee B BO3PACTHOM KAaTeropuu OT 20 70 30 JIET
JIX cuuTaeTcs oJTHOU U3 HanboJiee YacTo BCTpevaro-
IUXCS 3JI0KAYECTBEHHBIX OIyX0JIEH, UTO O0YCIOBIIH-
BaeT BBICOKYIO COLMAIBHYIO 3HAUUMOCTH JJAHHOTO
3abosieBanus [2]. JTumpoma X0/ PKKHHA BKJIIOYAET B
cebs1 Z1Be OT/ENBHBIX HO30JIOTUYECKUX €IMHUIIBI:
kinaccuyeckas gumdoma Xomkkuaa (kJIX) u Homy-
aspHada auMboma X0oMKKIHA ¢ IUMQOUIHBIM IIpe-
obnaganreM. MopdoiornyecKy BbIAEIIAIOT 4 THCTO-
JIOTUUeCKNX BapuaHTa KJIX: HOAYJISPHBIN CKJIEpO3
I u II Tuma, cMenaHHO-KJIETOYHBI BapUAHT, JTUM-
(ouHOE UCTOIEHNE U BapHUaHT, OOTaThId JTUMQO-
[IUTaMH, KOTOPBIE XaPaKTEPUIYIOTCs €TUHBIM UMMY-
HOMEHOTUIIOM, IPE/ICTABIEHHBIM  CJIETYIOIIIMU
mapkepamu: CD 30+, CD 15+, CD 20—/+, skciipeccu-
pyomumucs B 20—40 % ciaydae, CD 45—, PAX 5+ co
cnaboit sxcrpeccrert, BoB 1—, Oct-2— (wiu okparru-
BaHMe B YaCTH KJIETOK) [1]. B cOOTBETCTBUHU C KJIIMHU-
YeCKUMH PEKOMEHAIUSAMU 10 TUATHOCTHKE U Jieue-
HUIO JIUMbONpoandepaTuBHBIX 3a00I€BaHUM, IIe-
pen HavajioM Tepamnuu nanueHThl ¢ KJIX pacopeze-
JIIIOTCSI Ha TPOTHOCTUYECKUE TPYIIBI, COIJIACHO
kputepuaM ['epMaHCKOH IPYIIITHI IT0 U3YUEHUIO M-
dombr Xomxkuaa (German Hodgkin’s Lymphoma
Group — GHSG) (Tab1. 1).

C 1espIo BBIZIETIEHUS TPYIIIBI OOJIBHBIX, HYKAA-
foIuxcs B 60J1ee MHTEHCUBHOH IMOJTUXUMHUOTEPATITHH,
HCIIOJIB3YETCS MEXKAYHAPOAHBIH ITPOTHOCTHYUECKUI
nnzgexc (MIIN) (tabi. 2).

Hodgkin’s lymphoma (HL) is B-cell malignant
neoplasm of lymphoid tissue. Its substrate is the few
Reed-Sternberg tumor multinucleated cells (RS)
and Hodgkin’s mononuclear cells located among the
predominant reactive cellular microenvironment,
represented by T-lymphocytes, macrophages, NK-
cells, eosinophilic and neutrophilic granulocytes [1].
The disease is a relatively rare pathology (2.2 cases
per 100 000 population annually); nevertheless, HL
is considered a social concern being one of the most
common malignant tumors in the age group from
20 to 30 years [2]. Hodgkin’s lymphoma consists of
two distinct nosological categories: classical Hodg-
kin’s lymphoma (cHL) and nodular lymphocyte-pre-
dominant Hodgkin’s lymphoma. Morphologically, 4
histological variants of cHL are distinguished: nod-
ular sclerosis (grade 1 and grade 2) HL, mixed cel-
lularity HL, lymphocyte-depleted HL and lympho-
cyte-rich HL, which are characterized by a unique
immunophenotype represented by the following
markers: CD 30+, CD 15+, CD 20—/+, expressed in
20—40% of cases, CD 45—, PAX 5+ with weak ex-
pression, BoB 1—, Oct-2— (or staining in some
cells) [1]. Following the clinical guidelines for the di-
agnosis and treatment of lymphoproliferative dis-
eases, before starting therapy, patients with cHL are
assigned to prognostic groups based on the criteria
of the German Hodgkin’s Lymphoma Group (GHLG)
(Table 1).

To choose patients, who require more intensive
chemotherapy, we used the International Prognos-
tic Index (IPI) (Table. 2).

To provide optimal therapy in this group of pa-
tients, predictive models to identify patients with a
high or low risk of relapse, along with positron emis-
sion tomography (PET) are used. Thus, first-line
therapy for patients with early stages of HL without
risk factors and having favorable prognosis con-
sists of 2—4 courses of polychemotherapy (PCT) ac-

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2020-3-4-16

Botiimxo M.C. u dp. / Journal of Siberian Medical Sciences 3 (2020) 4—16

Ta6smna 1. [IporHocTUYecKue rpyImsl A1 Beioopa Tepanuu npu kJIX cortacHo kpurepusm GHSG
Table 1. Prognostic groups for the choice of therapy for cHL according to the GHSG criteria

I'pynma / Group

Kputepuu no GHLG
Criteria for GHLG

PannHue ctauu, 6J1aTOIPUATHBIN IPOTHO3
Early stages, a favourable prognosis

Pannue ctaguu, He6I1arompUATHBIN TPOTHO3
Early stages, poor prognosis

Cramuu I-II 6e3 pakTOpOB pUcKa
Stages I-1I without risk factors

Craynuu I-1I ¢ pakTopamu pucka C unu D, HO 6e3 pakTOpOB
puckaAu B

Stages I-1I with risk factors C or D, but no risk factors A and B

PacripocTpaHeHHbIE CTa UK
Advanced stages

Cragumu I-1I ¢ pakTopamu pucka A u B, craguu I11-IV
Stages I-1I with risk factors A and B, stages III-IV

IIpumeuanue. PakTopsl pucka:

A — MaccuBHOe cpeiocTeHNe (MaKCHMaJIbHBIH 1UaMeTp OIyXoJu 6osiee 1/3 MaKCHMaJIbHOTO JuaMeTpa IPyAHOH KJIeTKY Ha IIpsA-

MO peHTTeHOTpaMMe I'PYZIHON KJIETKHN).
B — crapus E.

C — yckopenue CO3 (COD > 30 mM/u nipu ctazuu B u > 50 Mm/4 ipu ctaguu A o [TaHueHKoBY (>35 MM/4 uiu >65 MM/4 110 Be-

CTEPTpeHy).
D — >3 obactelt iuMbaTUUeCKUX KOJIJIEKTOPOB.
Note. Risk factors:

A — bulky mediastinal mass (the maximum diameter of the tumor is more than 1/3 of the maximum diameter of the chest on an

anteroposterior chest radiograph).
B —stage E.

C — elevated ESR (ESR > 30 mm/h at stage B and > 50 mm/h at stage A according to Panchenkov (>35 mm/h or >65 mm/h

according to Westergren).
D — =3 nodal areas.

Pa3paboTka MIPOTHOCTUYECKUX MOJIeIed IJIst
BBISIBJIEHUS MAIUEHTOB C BBICOKUM WJIH HU3KUM PU-
CKOM pa3BUTHs PEIUWBa, HAPSAY C MO3UTPOHHO-
sMuccronHoi Tomorpadueir (IIDT), mcmonbsyercs
JUUTsi oOecIieueH s ONTUMAIBHOM Tepaiuy y JTaHHOH
TPYIIBI TanueHToB. Tak, B KauecTBe TEPAIINU Iep-
BOU JIMHUH Y OOJIPHBIX ¢ paHHUMU cTagusaMu JIX 6es
(axTOpOB pucKa ¢ 6JATOMPUATHBIM ITPOTHO30M Ha-
3HaUaloTCs 2—4 Kypca mnonuxumuorepanuu (ITXT)
o mpotokosly ABVD (mokcopybunius, 6;1€0OMUITUH,
BUHOJIACTHH, JTaKapOas3rH) ¢ MTOCTIEAYIOIIEH JIyueBOH
tepanueii (JIT) B cyMmmapHO# ouaroBout moze 30 I'p
Ha 30HBI KCXOHOTO TTopakeHus [3].

BosbHBIM  MOJIOKE 50 JIeT ¢ HaJAYHeM
B-cumnTomoB, a Takske ¢ MIIU 3—7 6a1i0B HEOOXO0-

cording to ABVD protocol (doxorubicin, bleomycin,
vinblastine, dacarbazine) followed by radiothera-
py (RT) at a total focal dose of 30 Gy to the area of
the initial lesion [3].

Patients under 50 years of age with B-symp-
toms, as well as with the IPI of 3—7 points, need an
intensified treatment regimen: 8 cycles of BEA-
COPP-14 (cyclophosphamide, adriblastin, vepezide,
procarbazine, prednisolone, bleomycin, vincris-
tine), or 6 cycles of BEACOPP escalated, or 6 cycles
of EACOPP-14 (without bleomycin) followed by RT
(total focal dose (TFD) 30—-36 Gy) for residual tu-
mor masses above 2.5 cm.

Tao6suna 2. MexxyHapoHBIH TPOTHOCTUYECKUH WHAEKC 1151 KJIX

Table 2. International prognostic index for cHL

®axTtop / Factor*

3nauenue / Value

AnpbymuH / Albumen
Temorsiobun / Hemoglobin
ITos / Sex

Bospacr / Age

Cranus / Stage
JletikoruTo3 / Leukocytosis

JIumbonenus / Lymphopenia

<4or/n| <40 g/l

<10.5 r/a7 | <10.5 g/dl
My:xckoit / Male

>45 JIeT / 245 years

v

>15 000/MM3 | 215 000/mm3

<8 % 1mpu nosicuere HGOPMYIIbI KPOBH UM <600/ MM3
<8 % when calculating blood count or <600/mm?

* Kask bl haxTop = 1 6ait.
Each factor = 1.
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JILIMO TIPOBOJTUTH HHTEHCU(DUITTPOBAHHBIE ITPOTPaM-
bl jieuenus: 8 nukioB BEACOPP-14 (uukimodoc-
daH, ampubiacTuH, Bemesu, MpPoKapOasuH, Mpes-
HHB0JIOH, OJIEOMHITUH, BUHKPHUCTUH), WJIH 6 ITUKJIOB
BEACOPP escalated, niu 6 nuxiaos EACOPP-14 (6e3
O6aeomuninHa) ¢ mocienyoineit JIT (cymmapHas oga-
roBas g03a (CO/I) 30—36 I'p) Ha pe3u/IyayibHBIE OILy-
XO0JIEBbIE MACCHI pA3MepOM 2.5 CM U OoJiee.

¥ nmanueHTOB B Bo3pacTe 50—60 JieT 6e3 TsKe-
JIBIX CONYTCTBYIOINMX 3abosieBanudi ¢ MIIU
3—7 6ayutoB mpoBogutcs 8 mukiioB BEACOPP-14
wiu 6 nukiaoB EACOPP-14 ¢ mocneayomum 06J1y-
YeHUEM Pe3UIyaJIbHBIX OITyXOJIEBBIX Macc pasme-
pom 6ostee 2.5 cm (COJT 30—36 I'p).

BosibHBIE € PEIUAUBUPYIONIUM TeUeHUEM 3a00-
JIEBAaHUS HYKJIAIOTCS B IIPOBEIEHUU BBICOKO/IO3HOU
xumuotepanuu (BJIXT) ¢ ayTo/IornyHOHN TpaHCILIAH-
Taryel rTeMOIIO3THYECKUX CTBOJIOBBIX KJIETOK (ayTo-
TI'CK). C 1esbio OnpesiesieHus: XUMHAOYYBCTBUTEb-
HOCTU HEOIUIACTUYECKUX KJIETOK, YMEHbBIIIEHUS 00b-
eMa OIyXOJd W MOOWMJIMBAIUKM CTBOJIOBBIX KJIETOK
nepez stanioM B/IXT npoBoautesa tepanus 11 nuaun
no cxemam DHAP (zmexcamerasoH, BBICOKOMO3HBIA
nuTapabul, nucwiatun), IGEV (udochamuy, rem-
nUTaOWH, STOMO3HU]], IEKCAMETA30H) WJIH I10 IPYTUM
aJIbTEPHATUBHBIM cxeMaM [3].

ITanmuentam ¢ peruauom kKJIX mocie BAXT c
ayToTT'CK, a Tak:ke OOJIbHBIM — HE KaHJIWJIaTaM Ha
ayToTTCK pekoMmeHyeTCs HCIIOJBL30BAaHUE TapreT-
HOU Tepalnuy — MOHOKJIOHIbHBIE aHTU-CD30+ an-
THTeJIa OpeHTyKcnmMaba BeAOTWHA U HHTHOUTOPOB
MMMYHHBIX KOHTPOJIBHBIX TOUEK MHeMOposin3ymada
WIN HUBOJIyMaba B MOHOPEXKUME JI0 IPOTPECCUPOBa-
HUS WIN HEIEPEHOCUMOU TOKCUYHOCTH [3].

3a mocsieHNE /IBA JIECATHIIETUA YCIIEXH B KOM-
OWHUPOBAHHON Tepanmuyu U TOSBJIEHUE TaPTETHBIX
MpernapaToB MO3BOJISIOT JOCTUYb 80—95 % 5-JIeTHEH
o6rent BeoxuBaemoctu (OB) maske mpu pacmpocTtpa-
HEHHBIX CTafusx 3abosieBanus [4]. OpHako y 15 %
6ospHBIX JIX pasBuBaercs pedpakTepHOCTh K IEp-
BUYHOU TEpAIIUY WX BOSHUKAIOT PAHHUE PEITUJIUBBI
rocsie ee mpoBejieHus [5]. JlocTHKeHHe BBICOKUX 10~
KazaTeJiel BBKUBAEMOCTU U KOHTPOJIb TOKCUYHOCTH
SIBJISIIOTCS ONPEIEJISIONINM BOIIPOCOM JIJIsI TeMaTo-
JIOTUYECKOro coolIiectBa. B ¢BA3M ¢ IOSIBJIEHHEM
WHHOBAIIMOHHBIX TAPTETHBIX METOJI0B Tepamuu JIX
undopmarusa 06 3bGEeKTUBHOCTH JieueHus TpebyeT
OOHOBJIEHUS U UMeET 0cOo0YI0 IIEHHOCTb, €CIH MOy~
YeHa U3 PeasIbHON KJIMHUYECKOU ITPAKTUKHU.

O1eHHUTD JIOJTOCPOYHBIE PE3YJIBTAThl TEPATIUU
3a 10-yleTHUH ntepuoy y 6osbpHbIX KJIX B . HoBOCH-
OUpCKe B peaIbHON KJIMHUYECKOU ITPAKTHUKE.

Patients aged 50—60 years without severe con-
comitant diseases with the IPI of 3—7 points have
8 cycles of BEACOPP-14 or 6 cycles of EACOPP-14,
followed by radiation of residual tumor masses of
2.5 cm or more (TFD 30-36 Gy).

Patients with a recurrent course of the disease
need high-dose chemotherapy (HDCT) with autolo-
gous hematopoietic stem cell transplantation (au-
toHSCT). To determine the chemosensitivity of neo-
plastic cells, reduce the tumor volume and mobilize
stem cells before the HDCT stage, line II therapy is
carried out according to the DHAP (dexametha-
sone, high-dose cytarabine, cisplatin), IGEV (ifos-
famide, gemcitabine, etoposide, dexamethasone) or
other alternative regimens [3].

Patients with recurrent cHL after HDCT with
autoHSCT, as well as patients who are not candi-
dates for autoHSCT, are recommended targeted
therapy — monoclonal brentuximab vedotin anti-
CD30+ antibodies and inhibitors of immune check-
points of pembrolizumab or nivolumab in mono-
mode until progression or intolerable toxicity [3].

Over the past two decades, advances in combi-
nation therapy and the emergence of targeted drugs
make it possible to achieve 80—95% of the 5-year
overall survival (OS) even in advanced stages of the
disease [4]. However, 15% of HL patients develop re-
fractoriness to primary therapy or have early relaps-
es after the treatment [5]. Achieving high survival
rates and controlling toxicity are critical issues for
the hematological community. In connection with
the emergence of innovative targeted HL therapies,
information on the effectiveness of treatment re-
quires updating and is of particular value if it is ob-
tained from real clinical practice.

To evaluate the long-term results of therapy
over 10 years in patients with cHL in Novosibirsk in
real clinical practice.

Study design: a retrospective study based on
data from the hospital register and outpatient re-
cords of the Hematology Department of City Clini-
cal Hospital No. 2 in the city of Novosibirsk. The
study protocol was approved by the local ethics
committee of Novosibirsk State Medical Universi-
ty (protocol No. 111 of November 29, 2018). All ex-
amined patients agreed to participate in the study.

The analysis included 362 patients with cHL
who were followed up and received therapy in the
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JIuzaiiH ucCIeIOBaHUS: PETPOCIEKTUBHOE HC-
¢JIeIOBaHUE 110 JJAHHBIM TOCITUTAILHOTO PETHCTPA U
aMOyJIaTOPHBIX KAPT reMaTOJIOTHYECKOTO OT/IeJIEHU S
I'BY3 HCO «I'opojckasi kauHMYecKass OOJbHUIIA
No 2» (I'Kb N¢ 2) r. HoBocubupcka. IIpoTokos mc-
ce0BaHus 07100pEH JIOKAJIbHBIM 3TUYECKUM KOMH-
tetom ®T'BOY BO «HoBocubupckuii rocyZjapcTBeH-
HBIA MEeIUIIMHCKUHN yHuBepcureT» Munsapasa PO
(mporokoi N2 111 oT 29.11.2018). Bee ob6cieryembie
MaIieHThl I COTJIACHE Ha Y4JacTHE B HCCIIEN0-
BaHUH.

B ananu3 BKIIIOUEHBI 362 manuenTa ¢ kJIX, Ha-
OTI0ABIITIMECS U MTOJIyYaBIIIHE TEPATHIO B TEMATOJIO-
ruyeckoM otaenennu I'Kb Ne 2 r. HoBocubupcka ¢
sSTHBaps 2008 T. 1o Jiekabps 2018 1. KimmHnyeckuit
JIMaTHO3 Y BeeX OOJIPHBIX YCTAHOBJIEH Ha OCHOBAHUHU
CTaH/IAPTHBIX KPUTEPUEB NUATrHOCTUKHU KJIX, rucro-
JIOTUYECKUH W MMMYHOTHUCTOXMMUUYECKUU JTHArHO3
MTOATBEPIKAAJICS B TATOJIOTO-aHATOMHUYECKOM OTIE-
neanu KB NO 2 r. HoBocubupcka. Bospact 60s1b-
HBIX BO Bpems JjedeHus JIX ObUT B Juama3oHe OT
11 1eT 1o 81 roa (Meuana Bo3pacra Hauasia 3abosie-
BaHMsA cocTaBmia 33 (26; 44) roga). ITarueHTOB sKeH-
ckoro mosna Owpwio 213 (58.8 %), MyKcKOro —
149 (41.2 %) ue.

CragupoBaHue 3a00JIEBaHUS OCYIIECTBIISIIOCH B
COOTBETCTBUU C Kiaccudukaiueir Ann Arbor (B 10-
nosiHennu Cotswolds 1988 r.). B 3aBucumocTtu OT
PAacIpOCTPaHEHHOCTH OITyXOJIEBOTO Iporiecca 00JIb-
HbIE PACIIPEJIEIISINCH CIeayoIuM oopasom: I cra-
s — 6 (1.6 %) uen., cragus II — 144 (39.8 %), cra-
aus 111 — 115 (31.8 %), cragusa IV — 97 (26.8 %) uelt.
IIpn ananuse TUCTOJOTMYECKUX BapUaHTOB KJIX
OBLIO ycTaHOBJIEHO: ¥ 189 (52.2 %) mManueHTOB BbI-
sIBJIEH HOAYJApHBbIN ckiiepo3 I m II tumos; y 153
(42.3 %) — cmelaHHO-KJIETOYHBIA BapUAHT; BapH-
aHT, boraThIi TUMPONUTAMU, OBLT JUATHOCTHPOBAH
y 12 (3.3 %) ob6cenyeMblx; TUMGOUTHOE UCTOIIEHUE
—y 8(2.2 %) yes. Bospas omyxosieBast macca (bulky
disease) muarHoctupoBana y 118 (32.5 %) manueH-
TOB, CIUIEHOMeTTHS — y 33 (9.1 %) OOJIbHBIX. JKC-
TpaHoJaIbHbIe TopackeHus (III) ormedeHwr y 71
(19.6%) manrenTta. HanboJsiee yacToli JJOKaIu3auein
III 6butH Jierkue (n = 31, 43.7 %) u nedyessb (n = 16,
22.5 %). Pexxe HaOIOAIUCh TTOPAKEHUS MATKUAX
TKaHeh (n = 13, 18.3 %), xocreit (n = 8, 11.3 %) u
KOCTHOTO Mo3ra (n = 3, 4.2 %).

Bosibuble KJIX ObLIM pacIipesiesieHbl Ha IPO-
THOCTUYECKHE TPYIIbl COTJIACHO KPHUTEPUSIM
GHLG, B cOOTBETCTBUH C KOTOPHIMH BBIJIEJISIIIN Ta-
[IMEHTOB C PAHHUMH CTAJUSIMU ¢ OJIAaTONPUATHBIM
nporuosoMm (n = 88, 24.3 %), ¢ paHHUMU CTAIUAMU
¢ HeOJIaTONPUATHBIM IIPOTHO30M (n = 62, 17.1 %) u

Hematology Department of City Clinical Hospital
No. 2 in Novosibirsk from January 2008 to Decem-
ber 2018. The clinical diagnosis in all patients was
based on standard criteria for the diagnosis of cHL.
The histological and immunohistochemical diagno-
sis was confirmed in the Pathological and Anatomi-
cal Department of Novosibirsk City Clinical Hospi-
tal No. 2. The age of patients during HL treatment
ranged from 11 to 81 years (the median age of dis-
ease onset was 33 (26; 44) years). There were 213
(58.8%) female and 149 (41.2%) male patients.

The disease was staged according to the Ann
Arbor classification (Cotswolds 1988 modification).
Depending on the tumor progression, patients were
distributed as follows: stage I — 6 (1.6%) individu-
als, stage IT — 144 (39.8 %), stage III — 115 (31.8%),
stage IV — 97 (26.8%) individuals. The histological
variants analysis of cHL revealed: 189 (52.3%) pa-
tients with grade I and grade II nodular sclerosis
HL, 153 (42.3%) patients with mixed cellularity HL,
12 (3.3%) individuals with lymphocyte-rich LH,
8 (2.2%) individuals with lymphocyte-depleted LH.
A large tumor mass (bulky disease) was diagnosed
in 118 (32.5%) patients, splenomegaly — in 33 (9.1%)
patients. Extranodal involvement (EI) was observed
in 71 (19.6%) patients. The most frequent sites of EI
were lungs (n = 31, 43.7%) and liver (n = 16, 22.5%).
Lesions of soft tissues (n = 13, 18.3%), bones
(n = 8, 11.3%) and bone marrow (n = 3, 4.2%) were
less common.

Patients with cHL were divided into prognostic
groups according to the GHLG criteria: patients
with early stages with favorable prognosis (n = 88,
24.3%), patients with early stages with poor progno-
sis (n = 62, 17.1%) and patients with advanced stages
of cHL (n = 212, 58.6%).

All patients received standard first-line PCT.
As first-line therapy, 90 (24.9%) patients were pre-
scribed ABVD regimen, a combination of ABVD
and BEACOPP regimens was used in 33 (9.1%) pa-
tients, 124 (34.2%) patients received the standard
BEACOPP regimen, 60 (16.6%) patients received
BEACOPP-14 and BEACOPP escalated regimens, 12
(3.3%) people were treated according to the COPP
protocol. Forty-three patients (11.9%) received
treatment according to other protocols (AVD,
CHOP, R-CHOP, EACOPP, CVPP, ACV, COPDIC,
DAL-HD-2002, of which 4 patients were not pro-
vided with information due to a change of resi-
dence) (Fig. 1).

Radiation therapy was performed on
224 (61.9%) patients with cHL. In most of them
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MAIlMEeHTOB C PACIPOCTPAHEHHBIMU cTaguAMHU KJIX
(n =212,58.6 %).

Bce wuccienyeMble TOJIYYWIN CTaHAAPTHYIO
[IXT I nunauu. B kayecTBe Tepanuu NepBOU JIUHUU
90 (24.9 %) manueHTaM HazHavyaau pe:xxum ABVD,
kombunanusa cxem ABVD u BEACOPP 6niia uc-
moJyib30BaHa y 33 (9.1 %) obcyieyeMbIX, CTaHAAPT-
Heiii pexkum BEACOPP monyuunu 124 (34.2 %)
manueHTta, 60 (16.6 %) OOJBLHBIM IIPOBEJIEH pe-
skuMm BEACOPP-14 u BEACOPP escalated, o mpo-
tokosry COPP Obuiu mpoJsiedeHbl 12 (3.3 %) yert.
Copox Tpu manueHTa (11.9 %) moIydasu JedueHne
mo apyrum mportokoaam (AVD, CHOP, R-CHOP,
EACOPP, CVPP, ACV, COPDIC, DAL-HD-2002,
U3 HUX Y 4 00JIbHBIX WHGpOpMAIUs He ObLa mpeo-
cTaBjieHa B CBS3U CO CMEHOH MecTa JKUTEeJIbCTBA)
(pumc. 1).

JlydeBas Tepamus mpoBogwiach 224 (61.9 %)
60spHBIM ¢ KJIX, cpenn HUX Y GOJIBIIMHCTBA 0OJIb-
HbIX (n = 198, 88.4 %) COJI cocraBuia 30 I'p, y 26
(11.6 %) manuenTor COJ/I Ha 30HBI UCXOAHOTO IIOpa-
JKeHus paBHs1ach 36 I'p. JlyueBast Tepamus Ha 00-
JIaCTh  MIEHHO-HAAKIIOYUYHBIX  JIHM(PATHIECKUX
V3JIOB U BEPXHETO CPEIOCTEHHs HazHayasiach 203
(90.6 %) mamuenTtam, 21 (9.4 %) GOJIPHOU MOJTYYUIT
JIT Ha aHaroMuYeckre 00JIACTH, PACIIOJIOKEHHbBIE
HIDKe Auadparmal.

Bo BTOpO#l JIMHUM Tepamuu HYXAUIHCh 84
(23.2 %) obcmemyeMbIx U3 00IIEro yucaa OOTbHBIX:
ITXT mo mpotokoiny DHAP mposenena 48 (13.2 %)
marenTam, mmo nporokoay ESHAP — 30 (8.3 %), Te-
pamus mo apyrum cxemam (Dexa-BEAM, PECC,
CEVD, ProMACE-CytaBOM) — 6 (1.6 %) GOJIbHBIM.
BIXT c aytoTT'CK mpoBenieHa y 18 (5%) ue.

140 -
120 -
100 7 90 (24.8 %)
80 -

60 -

Yenosek / People

40 - 33(9.1%)

20 A

(n = 198, 88.4 %), TFD was 30 Gy. In 26 (11.6%) pa-
tients, TFD on the original lesion area was 36 Gy. Ra-
diation therapy for cervical region, supraclavicular
lymph nodes and the upper mediastinum was ad-
ministered to 203 (90.6 %) patients, 21 (9.4 %) pa-
tients received radiation therapy to the anatomical
areas located below the diaphragm.

84 (23.2%) patients needed the second-line
therapy, 48 (13.2%) of total number of patients re-
ceived PCT according to DHAP protocol, 30 (8.3%)
according to ESHAP protocol, therapy according to
other regimens (DexaBEAM, PECC, CEVD, Pro-
MACE-CytaBOM ) had 6 (1.6%) patients. HDCT
with autoHSCT was performed in 18 (5%) individu-
als.

Considering that the study was conducted dur-
ing 2008—2018, patients were restaged according to
the results of computed tomography/multislice
computed tomography (CT/MSCT). Positron emis-
sion tomography, combined with CT (PET/CT), dur-
ing the specified period was performed for a small
number of patients (37 people) in Krasnoyarsk un-
der the Compulsory Medical Insurance quotas,
however, only the examination itself was paid, while
the patient covered the travel expenses. Due to the
small size of the group that underwent PET/CT,
these results are not analyzed in our study. Since
December 2019, the PET/CT study is conducted in
Novosibirsk and has now become available to all pa-
tients with lymphoproliferative diseases.

Polychemotherapy in the examined group led to
an optimal response in 342 (94.4%) patients, of
them 179 (52.3%) patients had partial remission

124 (34.3 %)

60 (16.5 %)

43 (12.12 %)

12 (33%)

ABVD ABVD

BEACOPP

BEACOPP BEACOPP—14

COPP Hpyrue
BEACOPP Other
escalated

Puc. 1. Pacrpe/iesieHre MarieHToB B 3aBUCMOCTH OT BhIOOpa Tepanuu I THHUN
Fig. 1. Distribution of patients depending on the choice of first-line therapy
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YYuThIBasA, YTO UCCIIENOBAHHE MIPOBOAUIIOCH B
TeueHHe 2008—-2018 IT., pecTaJ[upoOBaHUe TaIlUeH-
TOB OCYIIECTBJISITIOCH IO Pe3yJIbTaTaM KOMIBIOTEP-
HOU ToMOTpaduu/MyJIbTUCIIUPATHLHON KOMIIBIOTED-
Hoii Ttomorpabum (KT/MCKT). Ilo3uTpoHHO-
SMUCCUOHHAs1 ToMmorpadus, coBMmemenHas c¢ KT
(II9T/KT), B yka3aHHBIN [IEPUO]T BPEMEHHU IIPOBEIe-
Ha HeOOJIBIIIOMY KOJUYecTBY OOJIBHBIX (37 4es.) B
r. Kpacuospcke o kBotam OMC, oiHaKO orstauvBa-
JIOCH TOJTBKO CaMO HCCJIEZIOBAHME, TOTAA KAK PACXOZbI
Ha ZIOpPOTy ManuieHT Opas Ha cebs. B cBsa3u ¢ masno-
YHUCJIEHHOCTBIO TPYHIIBI, KOTOPOH IIPOBOJMIIACH
[T9T/KT, B HacTOsIIIEM WCCJIEJIOBAHUU JJAHHBIE Pe-
3yJIBTATHl HEe aHAMUBUPYIOTcsa. HaumHas ¢ mexabps
2019 1. uccienosanue [19T/KT npoBoautces B 1. Ho-
BOCHOHWpCKe, U B HACTOsAIIlee BPeMs CTaJIo JIOCTYITHO
BceM IallheHTaM ¢ JUM@oIpoandepaTUBHBIMU 3a-
6oJIeBaHUSIMU.

[MonmuxumuoTepanus y oO0CIeAyeMOH TPYIIIIbI
0OJILHBIX IPUBOMIIA K JOCTHIKEHUIO ONITUMAJIBHOTO
oTBeTa Y 342 (94.4 %) manMeHTOB, U3 UX YKCJIA: Ya-
ctuuHas pemuccus (UP) ormeuasnach y 179 (52.3 %)
0OJIPHBIX, MOJHAS KJIMHUKO-TEMATOJIOTUYECKas pe-
muccusi (ITKI'P) — y 140 (40.9 %) GoIbHBIX, cTaOH-
JIM3ANHS COCTOSTHUS JOCTUTHYTA y 23 (6.8 %) manu-
eHnToB. Ilox ITKI'P moHnMasioch MoIHOE HCUe3HOBe-
HHE BCeX IPOsIBJIEHUU 3a00JIeBaHUSA, B TOM YHUCIIE
BBISIBJIIEMBIX IIPU ITOMOIIY JIAOOPATOPHBIX U JIyde-
BBIX METOJIOB IMATHOCTUKU. 3a Kpurepuu UP mpu-
HUMAaJIU YMEeHbIIIEHE CYyMMBbI TUAMETPOB BCEX U3Me-
psieMbIx 0uaroB (JTUMQOY3JI0B 1/ MU OUaroB IKCTPa-
HOZIBHOTO MOPaKeHUsI) He MeHee, YeM Ha 50 %.
ITox crabwnusamnuein cocrosuus (CT) moHUMAIACHh
CUTYyaIus, KOI/Ia MOKA3aTeJINu OIYXOJU Y OOJIBHBIX
kJIX He coorBercTBOBanu HU kputepuam IIKI'P nin
YP, HU KpuUTepusAM IIporpeccupoBaHudA. Penunus
(mocire TTIP) wim nporpeccupoBanue (mocie YP wu
Cr) XapaKTepHu30BaINCh IIOSBJIEHHEM HOBBIX 09ar0B
(yBenmmuenme TuM@aTHIECKUX Y3JI0B WX O0BEMHBIX
00pa3oBaHUl HKCTPAHOAATBHBIX JIOKATHU3AIN) 60-
Jlee 1.5 CM B HauOOJIBLIIEM HU3MEPEHUU B IIPOIECCE
WJIY TIOCJIE 3aBEPIIIEHNUS JIEUeH.

Craructuyeckass 06paboTKa pe3yJIbTaTOB IIPO-
BeZieHa ¢ ucnosb3oBanueM nporpaMmmsl STATISTICA
10.0 (StatSoft Inc, 2011, CIITA). I1a onpe/iesieHus
nokazaTesiell 3HdeKTUBHOCTH IIPOBEZIEHHON Tepa-
MU UCIIOJIb30BAJINCH 00Iasi U Oe3penuIuBHAS BbI-
skuBaemoctb (OB u BPB cooTtBeTcTBeHHO). KpuBbie
BBDKHMBAEMOCTH CTPOWJINCH 10 Merony Karmrana —
Matiepa. OOmmas BBDKHUBAEMOCTb PaCCUUTHIBAIACH
KakK BpeMs OT JiaThl Hauvasia Tepanuu [ JuHUM 110
JlaThl CMEPTU WJIM AAThl TOcJieiHero Bu3ura. 3a bPB
IIPYHUMAJIH [IEPUO/JT OT Havasia TePaITuy Jo IaThl Ha-

(PR), 140 (40.9%) patients had complete clinical and
hematological remission (CCHR), 23 (6.8%) patients
achieved stabilization of the condition. CCHR was
understood as the complete disappearance of all
manifestations of the disease, including those de-
tected using laboratory and radiation diagnostic
methods. A reduction in the sum of diameters of all
measured foci (lymph nodes and/or foci of extra-
nodal lesions) by at least 50% was taken as the CR
criteria. Stabilization of the condition (Sc) was un-
derstood as a situation when the tumor indices in
patients with cHL did not meet either the criteria for
CCHK or PR or the criteria for progression. Relapse
(after PR) or progression (after PR or Sc) was char-
acterized by the appearance of new foci (enlarge-
ment of lymph nodes or masses of extranodal local-
izations) more than 1.5 cm in greatest dimension
during the treatment or after its completion.
Statistical processing was carried out using the
STATISTICA 10.0 software (StatSoft Inc, 2011,
USA). To determine the effectiveness of the con-
ducted therapy we used such indicators as overall
and relapse-free survival rates (OS and RFS respec-
tively). Survival curves were constructed using the
Kaplan-Meier method. Overall survival was calcu-
lated as the time from the beginning of first-line
therapy to the date of death or the date of the last
visit. The period from the start of therapy to the be-
ginning of second-line therapy (relapse) was taken
as RFS. The critical level of significance when test-
ing statistical hypotheses was taken equal to 0.05.

From January 2008 to December 2018, 362 pa-
tients with cHL were treated at the Hematology De-
partment of Novosibirsk City Clinical Hospital
No. 2, while the incidence of the disease remained
relatively constant. On average, 32.9 (25—42) new
cases were detected annually. In men, 14.9 (8—24)
new cases were diagnosed annually, in women —
18 (11—24) (Fig. 2).

Depending on the tumor progression (accord-
ing to Cotswolds’ modification of Ann Arbor clas-
sification) overall survival in a sample group of pa-
tients with early and advanced stages differed sig-
nificantly (Fig. 3). Thus, the overall 3-year and
5-year survival in patients with early (I and IT) stag-
es was 98%, 10-year — 95.1%, and in patients with
advanced stages (III-1V) these indicators were
equal — 93.5, 90.5 and 89.2% respectively. The ten-
year RFS in patients with early stages was 85%,
while in patients with stages III and IV it was 66.5%

(p = 0.01).
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vasta tepanuu 11 simHun (penuausa). Kpurtuueckui
YPOBEHb 3HAYUMOCTH IIPU IMPOBEPKE CTAaTHCTHUYe-
CKUX TUIOTE3 MPUHUMAJIN PAaBHBIM 0.05.

PE3YJIBTATBI 1 OBCY2KJIEHUE

C sHBaps 2008 1o aexabpb 2018 T. B reMaToJI0-
ruueckoM otaenennn 'KB Ne 2 r. HoBocubupcka
MIPOXO/IWJIN Tepanuio 362 nanueHTa ¢ KJIX, mpu sTom
YacTOTa BHIABJIEHHA 3a00JI€BaHUSA OCTaBaJIaCh CPaB-
HUTEJIPHO TIOCTOSTHHOU. B cpe/THEM €3KeTOTHO BBISB-
JISITIOCH 32.9 (25—42) HOBBIX cIydasi. Y My>KUYHH HO-
BBIX CJIy4aeB €KeroJiHO JAUAarHOCTUPOBAJIOCh 14.9
(8—24), y xenmuH — 18 (11—24) (puc. 2).

B 3aBucuMOCTH OT PacpoCcTPaHEHHOCTH OITyXO0-
sieoro mporiecca (mo Ann Arbor/Cotswolds) o6mias
BBIKHBAEMOCTh B BBIOOpPKE OOJIPHBIX ¢ PAHHUMHU U
pacmpoCTpaHEHHBIMHU CTA/IUSIMU JIOCTOBEPHO PA3JIH-
vasiach (puc. 3). Tak, obiias 3-JeTHAS U 5-JI€THSAS
BBIKHUBAEMOCTh y marueHToB ¢ panaumu (I u II) cra-
nusmu coctaBuia 98 %, 10-yetHAsA — 95.1 %, a y ma-
[IMEHTOB C pacipocTpaHeHHbIMU cTafausamu (II1-1V)
STHU TOKa3aTesu ObLIH PaBHBI — 93.5, 90.5 1 89.2 %
cooTrBeTcTBeHHO. [ecatuietHsas BPB y 6ompHBIX ¢
paHHUMHU cTaAuAMH ObLIa paBHa 85 %, B TO BpeMs
kak y manmeHtoB c III u IV cragueir — 66.5 %
(p = 0.01).

IIpu onenke 5ddEKTUBHOCTH TEPAIUU B 3aBU-
CHMOCTH OT MPOTHO3a 3a00JieBaHUA OOINAasi BbIKHU-
BaeMOCTh O3KHJIAEMO OKa3aslach BBIIIE B TPYIINE IMa-
[IMEHTOB C OJIaTONMPHUATHBIM NPOTHO30M (pHuc. 4).
Tak, mokasaTeju OOIIEel BBDKHBAEMOCTH OOJIBHBIX

45 7

30 7

25

15 -

IlepBUYHBIX GOJIBHBIX
Newly admitted patients

10 -

When evaluating the effectiveness of therapy
depending on the disease prognosis, the overall sur-
vival rate was higher than expected in the group of
patients with favorable prognosis (Fig. 4). Thus, the
overall survival rates of early-stage patients with fa-
vorable prognosis of the disease were distributed
evenly and within 3, 5 and 10 years after treatment,
these rates were equal to 100%, while in patients
with a poor prognosis, according to the GHSG crite-
ria, these indicators were 93.9, 91.7 and 88.9% re-
spectively. The analysis of RFS in the group of pa-
tients with favorable prognosis showed that the
3-year and 5-year RFS was equal to 95%, the 10-
year RFS was 91%, the corresponding indicators in
patients with poor prognosis were 88, 80.8 and
70%, respectively (p = 0.001).

Out of 362 cases, fatal outcome occurred in 20
(5.5%) cases. In the present study, the cause of death
in 15 (4.1%) patients was the progression of HL,
in 1 case (0.3%) — a secondary tumor (lung cancer),
in 4 (1.1%) of the examined patients the death oc-
curred as a result of infectious-toxic complications
arising from myelotoxic agranulocytosis as a result
of HDCT.

So, this paper analyzes the effectiveness of cHL
treatment in the Hematology Department of
Novosibirsk City Clinical Hospital No. 2 for ten years
(2008-2018). The frequency of HL was 2.19 per 100
thousand people per year, which is generally
consistent with the research literature [2]. The study

(0] T T T T

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Puc. 2. Kpusas 3a6osieBaemocts 601pHBIX KJIX 3a epuos 2008—2018 rr.
Fig. 2. The curve of the incidence of patients with cHL for the period 2008—2018
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Puc. 3. BeokuBaemocts 60s1bHBIX KJIX ¢ panaumu (I-1I) u pacnpocrpanenubivu (ITI-1V) cragusimu
B 3aBHCHMOCTH OT PACIIPOCTPAHEHHOCTH OIyXOJIEBOT'O IIPOIecca:
A — ob1mias BbDKUBAEMOCTh; B — Ge3peliuinBHas BBIKUBAEMOCTh
Fig. 3. Survival of cHL patients with early (I-1T) and advanced (III-1V) stages
depending on the tumour progression:
A — overall survival; B — relapse-free survival

kJIX ¢ paHHUMH CTaAUAMHU ¢ 6JIarONPUATHBIM IIPO-
THO30M 3a00JIeBaHUsI PaCIPe/IesIsIUCh PABHOMEDPHO
U B TEUEHUE 3, 5 U 10 JIET IOCTIE JIEUEHU S OKA3aJIUCh
paBHBIMU 100 %, TOT/Ia KaK y MAI[ieHTOB ¢ Hebaro-

shows that, in general, the results of treatment of
patients with HL at early and advanced stages are
consistent with the data of Russian research groups
[6, 7]. The highest OS values in the group of HL
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Fig. 4. Comparison of the survival rate of cHL patients with a favourable and unfavourable prognosis:
A — overall survival; B — relapse-free survival

MPUATHBIM ~ [IPOTHO30M, COIJIACHO KPUTEPUSIM
GHLG, st mokasatejii COCTaBWJIH 93.9, 91.7 U
88.9 % cootBercTBeHHO. AHanu3 bPB B rpymnme
OOJIPHBIX C OJIATONPUATHBIM IPOTHO30M ITOKa3a,
4uTo 3-JIeTHAA U 5-yieTHsAsA BPB paBHa 95 %, 10-y1eT-
HAST — 91 %, COOTBETCTBYIOIIME TIOKA3aTEN CPEIN

patients with advanced stages were shown in the
HDg and HD12 studies conducted by the German HL
research group. Thus, the 15-year OS with escalated
BEACOPP in the HD9 study was 81%, and the 10-
year OS in the HDi2 study in the intensified
BEACOPP group and the 4 + 4 group (4 escalated

Journal homepage: http://jsms.ngmu.ru
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obcyieiyeMbIX ¢ HeOJIAarONPUATHBIM IIPOTHO30M CO-
craBuiu 88, 80.8 1770 % cooTBeTCTBEHHO (P = 0.001).

U3 362 ciayvaeB HAOMIOAEHUs JIETAJIbHBIA HC-
X0 HacTynmwi1 B 20 (5.5 %) ciaydaax. B Hacrosiem
HCCJIeTOBAaHUH IPUYUHON CMepTH ¥ 15 (4.1 %) maru-
eHTOB ObL1a mporpeccus JIX, B 1 ciyuae (0.3 %) —
BTOPHUYHAsI OIyXO0Jib (paK JIeTkoro), v 4 (1.1 %) 06-
cJ1e/lyeMbIX JIeTaJIbHBIN NCXO0/ HACTYIINII B pe3yJIbTa-
Te WHOPEKIIMOHHO-TOKCUYECKUX OCJIOKHEHHH, BO3-
HUKIINUX B IIePUOJ] MHUEJTOTOKCHYECKOTO arpaHyJio-
nuro3a B pesyabrare BIIXT.

Wraxk, B 1aHHON pabore MpOBe/leH aHaIu3 3¢-
(exTuBHOCTU JIeueHud kKJIX Ha 6a3e remMarosoruye-
ckoro otaeneruss KB No 2 r. HoBocubupcka 3a ge-
cATwIeTHUH nepuoy (2008—2018 rr.). Yacrora JIX
COCTaBUJIA 2.19 Ha 100 ThIC. HACEJEHHUsA B TO/I, UTO B
[IeJIOM COOTBETCTBYET JAaHHBIM JiuTepaTypshl [2]. Uc-
CJIeIOBaHUE MTOKA3bIBAET, UTO B IIEJIOM PE3YJIHTATHI
JedeHus1 607bHBIX JIX ¢ pAHHUMH U pacIIpOCTPaHeH-
HBIMH CTaIUAMU COTJIACYIOTCA C JAHHBIMU POCCHH-
CKHX HCCJIeJIOBATENbCKUX Tpymm [6, 7]. Haubosee
BbIcOkHe mokaszatesu OB B rpymme 6osbpHBIX JIX ¢
pacrpoCTpaHEHHBIMH CTAIUAMU IIPOJEMOHCTPUPO-
BaHbI B uccaegoBanuax HD9 u HD12, npoBoguMbIx
T'epmanckoii rpynmoi mo udyyenuro JIX. Tak, 15-eT-
HAA OB 1pu HCHOJIB30BaHUU 3CKAJIUPOBAHHOTO
BEACOPP B uccinegosannu HD9 cocraBuia 81 %, a
10-netHsAa OB B uccnenoanuu HD12 B rpynie un-
teHcudunupoanHoro BEACOPP u rpynmne «4 + 4»
(4 mukna sckanmpoBanHoro BEACOPP u 4 nukiia
craamaptaoro BEACOPP) cocraBwia 87.3 u 86.8 %
cooTBeTcTBEHHO [8]. BMecre ¢ TeM, HecMOTpsI Ha
ycrexu B Tepanuu KJIX, cylecTByeT He0OX0AMMOCTb
JlaJIbHeNIero HAyYHOTO IIOMCKA ONTHUMAaJIBHBIX
PUCK-aIalITUPOBAaHHBIX HporpamMm Ttepanun JIX,
PpAaCIIIpeHNs UCIIOIb30BAHNS TAPTETHON IMMYHOTe-
panuu B KJINHUYECKON IMPaKTUKe.

3AK/IIOYEHUE

I[lo paHHBIM TPOBEIEHHOTO WCCJIEOBAHUS
6osbHBIX JIX B reMmarosiorndeckom otaeaeHnu 'Kb
Ne 2 r. HoBocubupcka 3a AeCATUJIETHUN MEPHO/T
€JKero/iHasl YaCcTOTa BBISIBJIEHHU S 3a00JI€BaHU I OCTa-
BaJIach MOCTOSHHOU U B CPEJHEM COCTaBUJA 32.9
HOBBIX C/Iydasi 3a60J1eBaHUsT; PACIIPOCTPAHEHHOCTH
JIX — 2.19 Ha 100 000 HaceJIeHUs B TOJI.

Ilpu aHayM3e Pe3yIbTATOB JIEUeHUS OOJIbHBIX
kJIX 3a 10-71eTHU Tepuoj| MporpaMMHas PUCK-
apantupoBaHHasa IIXT mosposmniaa AOCTUYB XOPO-
IIUX Pe3yJIbTAaTOB KaK y MAaI[MEHTOB C PAHHUMU CTa-
JIUSIMU ¢ 6JIaTOMPUATHBIM POTHO30M, O YUEM CBHU/IE-
TEJIBCTBYET 3-, 5- U 10-yieTHsAs OB, paBHas 100 %,
TaK W B TpyIne OOJIBHBIX C PacHpOCTPAHEHHBIMHU
cTagusaMu: 5- u 10-1eTHsasa OB — 90.5 u 89.2 % co-

BEACOPP cycles and 4 standard BEACOPP cycles)
was 87.3 and 86.8% respectively [8]. At the same
time, despite the successes in the treatment of cHL,
there is a need for further scientific search of optimal
risk-adapted programs for HL therapy, and the
expansion of the use of targeted immunotherapy in
clinical practice.

CONCLUSION

According to the conducted study of HL cases at
the Hematology Department of City Clinical Hospital
No. 2 (Novosibirsk) over ten years, the annual
incidence of the disease remained constant and
averaged 32.9 new cases of the disease; the prevalen-
ce of HL is 2.19 per 100 000 population per year.

When analyzing the treatment outcomes for cHL
patients over a 10-year period, the programmed risk-
adapted PCT made it possible to achieve good results
both in patients with early stages with a favorable
prognosis, as evidenced by 3-, 5- and 10-year OS
equal to 100%, and in the group of patients with
advanced stages: 5- and 10-year OS — 90.5 and 89.2%
respectively; 3-, 5- and 10-year RFS in patients with
poor prognosis was 88, 80.8, and 70% respectively.

However, in general clinical practice, there is
still a significant frequency of therapy failures (over
10 years in the study group, the lethality rate was
5.5%), which necessitates further scientific search for
optimal risk-adapted HL therapy programmes, as
well as an expanded use of targeted immunotherapy
in clinical practice and earlier carrying out the
autoHSCT in cHL patients.

Conflict of interest. The authors declare no
conflict of interest.

OTBETCTBEHHO; 3-, 5- U 10-7IeTH:AsA BPB y 60JIbHBIX ¢
He6JIarOmPUATHBIM IIPOTHO30M cocTaBuia 88, 80.8
# 70 % COOTBETCTBEHHO.

OnHako B OOIIEKJIMHUYECKOH IPAKTHKE BCe
ele OTMedJaeTcs CYIeCTBEHHAs YacToTa Heyaad
Tepanuu (3a 10-JIETHUH MEPUOMA B HCCJIEAYEeMOI
BBIOOPKE JIETAJIBHOCTD COCTaBHJIA 5.5 %), YTO 00y-
CJIOBJIUBAET HEOOXOAUMOCTDH JIaJIbHEHUIIIETO Hayd-
HOTO TIOWCKAa ONTHMAJIbHBIX PUCK-aalTUPO-
BaHHBIX HOporpaMMm Tepanuu JIX, pacmupeHus
WCIOJb30BAHUS TApreTHOW WMMYHOTEpAIlluUd B
KJIMHUYECKOU MpaKTUKe U 06oJiee paHHEro MpoBe-
nenus ayToT KM 6ospHbIM KJIX.

KoH@IUKT HHTEPECOB. ABTOPHI 3asBJIAIOT 00
OTCYTCTBUM KOH(MIMKTA UHTEPECOB.
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AHHOTAIIN A

Llesib Micc/IeIOBAHUS — OMPENEJTUTh (papMaKOKHHETHYECKHE TapaMeTPhl HOBOTO CJI0KHO3(UPHOrO IMPOU3BO-
JTHOTO MH/IOMETAlliHAa — WHIOMEHTHJIA IPU BBEIEHUU KpbicaM. MHAOMEeHTHU B (popMe pacTBOpA B JIbHAHOM MacJjie
BBOJIUJIN B JKEJIYZIOK OJTHOKPATHO B 7I03aX 12.5, 25 U 50 MI/KT WJIH B /[03€ 50 MT/KT 1 pa3 B CyTKH B T€YEHUE 7 THEH.
CojziepkaHue B IJ1a3Me WHIOMEHTHJIA U €r0 aKTHBHOTO MeTaboJIuTa HH/IOMETAlluHA U3MEPSIJIU C TOMOIIbI0 BBICOKO-
5bGEKTUBHOTO KUAKOCTHOTO XpoMaTorpada ¢ yabTpadroIeTOBbIM CIIEKTPOGOTOMETPUUECKUM J€TEKTOPOM.

YcTaHOBJIEHO, YTO BeJIMUYNHA CUCTeMHOMN 3Kcno3unuu AUC HHIOMEHTHIIA U BBICBOOO0XK/TAEMOTO IIPH €TI0 THPO-
JIM3€e WHJIOMEeTalliHa BO3PACTAaeT JUHEWHO B IUATIa30HE /103 12.5—50 MT/KT. [Ipy MHOTOKpaTHOM (7-KpaTHOM) BBeJie-
HUU WHIOMEHTUJ U WHAOMETAI[MH He KyMYyJHPYIOTCs B opranusme. Takum o6pa3om, MHAOMEHTHJ MOKHO paccMa-
TpUBATh Kak 6e30macHyI0 peTapAHyo GopMy HHIOMETAIINHA /151 JIEeUeHUsI BOCIIAIUTEIbHBIX 3a00IeBaHU .

Kaoueswvle crosa: WHJAOMEHTHJI, MHAOMETAaIluH, JIMHEXHOCTh Q)apMaKOKI/IHETI/IKI/I, KyMYJIALUA.

ABSTRACT

The purpose of the study is to determine the pharmacokinetic parameters of a new ester derivative of indometha-
cin — codenamed indomenthyl — after its administration to rats. Indomenthyl was administered into stomach of rats
as a solution in flaxseed oil: single administration at a dose of 12.5, 25 and 50 mg/kg, or multiple administration once
a day at a dose of 50 mg/kg for 7 days. Blood plasma levels of indomenthyl and its active metabolite indomethacin
were detected using a high-performance liquid chromatograph with the ultraviolet spectrophotometric detector.

It was shown that the value of the systemic exposure AUC of indomenthyl and indomethacin, released during its
hydrolysis, increases linearly in the dose range of 12.5-50 mg/kg. On repeated (7-fold) administration indomenthyl
and indomethacin do not cumulate in the organism. Thus, indomenthyl may be considered a safe retarded release
form of indomethacin for the treatment of inflammatory diseases.

Keywords: indomenthyl, indomethacin, linearity of pharmacokinetics, camulation.

BBEJAEHWUE

HccienoBanne (apMaKOKHHETHKHU —SIBJISIETCS
00s13aTETbHON YaCThIO JIOKJIMHUYECKOTO H3YyUEHUs
HOBBIX JIEKAPCTBEHHBIX CPEACTB M HEOOXOMAMMBIM

INTRODUCTION

The pharmacokinetic research is an obligato-
ry part of the preclinical study of new drugs and a
necessary stage for the start of clinical trials [1].
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STAoOM /IS Hadajla KJIMHUYECKHX HCIBITAaHUH [1].
[Ipu nmuHeHOHN hapMaKOKUHETUKE KOHIIEHTPAITUS B
IJTa3Me OJTHOKPATHO BBEJIEHHOTO BEIECTBA U3MEHSI-
eTcsl MPOIOPIIMOHATIBHO €r0 JIo3e. ITO BAXKHO JIJIs
XapakTepucTUKu 3(G@deKTUBHOCTU U 06E3011aCHOCTH
C03/1aBaeMOTO0 JIEKAPCTBEHHOTO CPE/ICTBA, TTO3BOJISIET
MIPEJIOTBPATUTDh TOSBJIEHHE B KPOBU €ro TOKCHYe-
CKHUX KOHIleHTparnui. Ecu jekapcTBeHHOE CPeJICTBO
IUTAHUPYETCS MMPUMEHSTD JJIUTEIBHO, TO TpebyeTcst
u3ydJarh ero GapMaKOKUHETHUKY IIPU MHOTOKPATHOM
BBEJIEHUH, YTOOBI YCTAHOBUTH BO3MOYKHOCTH KyMy-
JIAIAHN.

Onuo u3 Hambosee d(PHEKTUBHBIX HECTEPOU/-
HBIX IIPOTUBOBOCIIAJIUTEBHBIX CPEICTB — HHJOME-
TalliH — TPUMEHSIOT ¢ 1965 T. /IS KYITHPOBAHUS
OCTpOTO TPHCTYIIA MTOAATPHI U JIEUEHUsI pEBMaTHUe-
CKHX 3a00JIEBaHUH Y MOJIOABIX JItofiel [2—4]. Hmo-
MEeTaIliH MOKET BBI3bIBATh OMACHBIE TTOOOUHBIE B(h-
(exThr: MOYTH ¥ 60 % GOIBHBIX BO3HUKAIOT OPOHXO-
cria3M, TOKCHYecKas: HedporaTus, SA3BbI JKeJIyJKa |
JIBEHAIIATUIIEPCTHON KHIIIKK € OMACHOCTHIO KPOBO-
TeueHHUsI W 1epdOpaliy, MOBBIIIAETCS apTepHasb-
Hoe pnamieHue [5]. [IpuMeHeHHWe WHAOMETAI[HA
MMPOTHUBOIIOKA3aHO MPH 3a00J€BAHUAX JKETYA0UHO-
KHUIIIEYHOTO TPaKTa, CHUCTEMBI KPOBH, CEPJEYHO-
COCYZTUCTOM IATOJIOTUH, MEYEHOUYHOU U IOYEUHOU
HezocTaTouHOCTH [6]. TszkecTh HOOOYHBIX 3 PEKTOB
3aBUCHUT OT KOHIIEHTPAIU HHOMETAI[MHA B IJIA3Me
Y TKaHSIX.

B pabore ucciemoBana papMakKOKHMHETHKA HO-
BOT'O CJIO’KHO3(MUPHOTO COETMHEHUS HHAOMETAI[MHA
¢ menTosioM (namoMenTIn). Ilos BIMAHKEM HecIer-
ndUUecKUx 3cTepa3 HEUTPO(PUIIOB B 30HE BocHase-
HUS CI0KHO3(UPHAS CBA3b TUAPOJIU3YETCS C TIOCTE-
IIEHHBIM BBICBOOOK/IeHEM WHAOMeTauHa. Ilpe-
UMYIIECTBEHHOE BBIJIEJIEHHE UHAOMETAIIMHA U3 WH-
JIOMEHTIJIa B O4yare BOCIAJIEHHSA MOKET OCJIa0JIsATh
€ro CUCTeMHbIe TT000YHbIE 3D HEKTHI.

IHEJIb NCCJIEAJOBAHUA

Onpenenuth dapMakOKUHETHUYECKUE I1apaMe-
TPBI HOBOTO CJIOKHO3(HUPHOTO ITPOU3BOHOTO UHO-
MeTallHa — WH/IOMEHTIJIA U €T0 aKTUBHOTO MeTabo-
JINTa WHAOMETallHA [P BBEIEHUH B JKEIYJIOK
KpBICaM.

MATEPHAJIBI 1 METO/AbBI

WHAOMEHTWII TIPEACTABJIAET COOOU CJIOMKHO-
adupHoe nmpousBogHOoe MHAOMeTanuHa — [(1R,2S,-
5R)-5-meTni-2-(IIponan-2-ui) HuKaoTeKcm]{2-[2-
METHJI-5-MeTOKCH-1-(4-x10pben3omin)-1H-unmomn-3-
wilanerar} (puc. 1).

IKCIEPUMEHTBI TTPOBOJIWJIN B HCITBITATEIBHOM
nerTpe OOO «IHHOBanMoHHBIE (dapMakoyoruye-

With linear pharmacokinetics, the plasma con-
centration of a once administered substance
changes in proportion to its dose. This is impor-
tant for characterizing the efficacy and safety of
the drug under development and prevents the
emergence of toxic blood concentrations. If the
drug is designed for long-time use, then it is re-
quired to study its pharmacokinetics with repeat-
ed administration in order to establish the possi-
bility of cumulation.

One of the most effective nonsteroidal anti-in-
flammatory drugs is indomethacin. It has been
used since 1965 to jugulate a gout attack and treat
rheumatic diseases in young people [2—4]. Indo-
methacin can cause dangerous side effects: almost
60% of patients develop bronchospasm, toxic ne-
phropathy, stomach and duodenal ulcers with the
risk of bleeding and perforation, and blood pres-
sure rise [5]. The indomethacin is contraindicated
in gastrointenstinal diseases, diseases of the blood
system, cardiovascular pathology, hepatic and re-
nal failure [6]. The severity of side effects depends
on the concentration of indomethacin in plasma
and tissues.

The work investigated the pharmacokinetics
of a new ester compound of indomethacin with
menthol (indomenthyl). Under the influence of
nonspecific esterases of neutrophils in the area of
inflammation, the ester bond is hydrolyzed with a
gradual release of indomethacin. The predominant
release of indomethacin from indomenthyl at the
site of inflammation can weaken its systemic side
effects.

AIM OF THE RESEARCH

To determine the pharmacokinetic parameters
of a new ester derivative of indomethacin — indo-
menthyl and its active metabolite indomethacin
when administered to rats intragastrically.

MATERIALS AND METHODS

Indomenthyl is an ester derivative of indo-
methacin — [(1R, 2S, 5R)-5-methyl-2-(propan-2-yl)
cyclohexyl]{2-[2-methyl-5-methoxy-1-(4-
chlorobenzoyl)-1H-indol-3-yl] acetate} (Fig. 1).

The experiments were carried out at the Test
Faculty of the Innovative Pharmacological Re-
search, LLC (IPHAR) on 160 male Sprague Dawley
rats weighing 250-275 g (2.5—3 months old). The
rats were kept in plastic cages (5 animals each) at a
temperature of 18—26°C, environmental relative hu-
midity of 35—65%, air exchange rate of 10—11 vol./h,

18
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Puc. 1. CrpykrypHas GbopMya HHAOMEHTHIIA
Fig. 1. The structural formula of indomenthyl

ckue paspaborku» (M1]) Ha 160 KpbIcax-camIlax CTO-
ka Sprague Dawley maccoii Tesia 250—275 T (Bo3pact
2.5—3 Mec). Kpbic cozieprkaiy B IJIACTUKOBBIX KJIET-
kax (mo 5 ocobei) mpu Temmeparype 18—26 °C, or-
HOCUTEJIbHOU BJIQ’KHOCTH BO3/yXa 35—65 %, BO3ay-
xoo0OMeHe 10—11 00BEMOB/Y U PETYJINPYEMOM CBETO-
BoM pexxuMme (12 : 12 u). MccenemnoBanue o700peHO
JIOKAJIbHBIMU 3TUYECKUMU KoMmuteramu: CuOUpCKo-
TO TOCYZaPCTBEHHOTO METUIIMHCKOTO YHHUBEPCUTETA
(N2 6178 ot 22.10.2018) u UII (N2 321-O®U ot
20.07.2019), MPOBE/JIEHO B COOTBETCTBHUH C IOJIOKE-
HUsAMH EBponelickoli KOHBEHIIWH 110 3aliuTe J1abo-
paTopHBIX *KUBOTHBIX (CTpacoypr, 1986) u ¢ cobJto-
JIEHUEeM MIPUHITATIOB U ITPAaBUJI HaJITeKalrel Jabopa-
TOPHOU MPAKTUKU. JKUBOTHBIE TOJIOJIAJIN B TEUEHUE
16 9 710 HaYaJIa SKCIIEPUMEHTA.

WunomenTus B GopMe pacTBopa B JIBHSIHOM
MacJie BBOJWIU B JKEJIYZIOK OTHOKPATHO B 103aX 12.5,
25 U 50 MI'/KT WIH B I03€ 50 MT/KT 1 pa3 B CyTKH B
TeueHwue 7 HeH. [Ipu 0JHOKpaTHOM BBEJIEHUU KPOBb
3abupayii 710 BBEJIEHUSI WHJIOMEHTIWIA U 4epes 30,
60, 120, 240, 480, 960, 1440 1 2880 MUH ITOCJIE BBE-
JIEHWs, TIPU BBEJIEHUH Ha MPOTSKEHUH 7 THEH KPOBb
3a0Hpayii JI0 TIEPBOTO U CEJbMOTO BBEJEHUS U BO
BpPEMEHHBIX TOUKax 30, 60, 120, 240, 480, 720, 1440
u 2880 MUH.

Ilepesr 3a60pOM KpOBHU U3 IOJIOCTH CEP/IA K-
BOTHBIX ITOMEIAJIA B YCJIOBUS TIOCTEIIEHHOTO 3aI10JI-
HEHUsI KaMepbl TUOKCUIOM YIJIepo/ia Ha 3 MUH, 3a-
TeM OCYIIECTBJISIA IEPBUKAJIBHYIO JHCIOKAIHIO
[IEWHBIX TO3BOHKOB. KPOBb CTaOMIM3UPOBAIIH Tera-
pusom Hatpus (50 EJI/vur), mostydaiu mia3my U mo-
Meranu ee B npobupku tuna Eppendorf. O6pa3sis
IUIA3Mbl HEMEJIJIEHHO 3aMOPaKUBAJIH B KUJIKOM
a30Te U XpaHWIH Opu TemnepaTtype —70 °C 1o aHa-
JIu3a.

JI7151 KOJTMYeCTBEHHOTO OIpeieIeHUs MH/IOMEH-
THJIA ¥ €T0 aKTUBHOTO MeTaboIuTa HHIOMETAIHA B

and a regulated light mode (12 : 12 h). The study was
approved by local ethics committees of the Siberian
State Medical University (No. 6178 dated October
22, 2018) and Innovative Pharmacological Re-
search, LLC (IPHAR) (No. 321-OFI dated July 29,
2019), conducted in accordance with the provisions
of the European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, 1986) and in
compliance with the principles and rules of labora-
tory practice. The animals fasted for 16 hours before
the start of the experiment.

Indomenthyl in the form of a solution in flax-
seed oil was administered into the stomach once at
doses of 12.5, 25, and 50 mg/kg or a dose of
50 mg/kg once a day for 7 days. With a single ad-
ministration, blood was taken before the adminis-
tration of indomenthyl and after 30, 60, 120, 240,
480, 960, 1440 and 2880 min after administra-
tion; when administered over 7 days, blood was
taken before the first and seventh administration,
and at time points 30, 60, 120, 240, 480, 720, 1440
and 2880 min.

Before taking blood from the heart cavity, the
animals were placed under conditions of gradual
filling of the chamber with carbon dioxide for 3 min,
then dislocation of the cervical vertebrae was per-
formed. The blood was stabilized by sodium heparin
(50 U/ml), plasma was obtained and placed in Ep-
pendorf tubes. Plasma samples were immediately
frozen in liquid nitrogen and stored at —70°C until
testing could be done.

For quantitation of indomenthyl and its active
metabolite indomethacin in the animals’ plasma, we
used a high-performance liquid chromatograph
“Milichrom A-02” with a UV spectrophotometric
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IJIa3Me JKUBOTHBIX HCIIOJIB30BAJIU BBICOKOI(DdEK-
THBHBIA >KHJIKOCTHBIM XpomaTtorpad «Mruiuxpom
A-02» ¢ YO-ciekTpodOTOMETPUUECKUM JIETEKTOPOM
(000 «MX 9xoHosa», HoBocubupck, Poccus). Ana-
JIN3 TIPOBOJWJIN Ha KOJIOHKE Pa3MepPOM 75 X 2 MM,
3aIoJIHeHHOM copbenTom ProntoSil-120-5-C18 AQ ¢
JIMaMeTPOM YAaCTHI] 5 MKM. XpoMaTOorpaMMbl o6pa-
6aThHIBAJIM C TIOMOIIIHIO IIPOTPAMMHOTO 00eCIIeUeH st
«MynsTXpom» (BAO «Amnepcenz», Poccus). Buo-
Jiorrueckrie 06pasIfhl B IPOIECCe DKCTPAKITUU Tepe-
MEIIINBAJIN Ha JTA00OPATOPHOM METUITMHCKOM ITeHKe-
pe Vortex V-3 (Elmi, JlarBus). Jyisi ocaskaeHUs
BO/THO-OpraHmYecKou ¢a3bl 06pasma UCIO0Ib30BAIH
uentpudyry Biofuge pico (Heraeus, I'epmanust). Op-
TaHUYECKUI PACTBOPUTEHh YIIADUBAINA B BAKYYMHOM
koH1neHTpaTtope UniEquip 100 ECH (Univapo, I'ep-
MaHus#).

Pa3paboTaHHYI0 METOIUKY BaJIHJIUPOBAIU CO-
racHo TpeboBaHusMm [7, 8]. Ha ocHoBaHWU ITOJIYy-
YeHHbIX 3HAUEHUH KOHI[EHTPAIUii cTpomin dhapma-
KOKMHETHYeCcKne Mpodwwin, pacueT GpapMaKOKUHe-
TUYECKUX IIapaMeTPOB U CTATUCTUYECKYIO 00pabOoTKyY
[IOJIyYEeHHBIX PE3YJIBTATOB ITPOBOAMIN C IOMOIIIBIO
nakera mporpammbl Microsoft Excel. [sist Bcex dap-
MaKOKMHETUYECKHX IapaMeTPOB  PaCCUYUTHIBAIIN
cpefiHee 3HAUEHNE U CTAH/IAPTHYIO OIIUOKY CpefiHe-
ro (M + m). JloctoBepHOCTH pazyuunii (p < 0.05)
MeK/ly TPYIIIIAMHU OIIPeJIEsIsAIN ¢ moMolnbio U-Tecta
Manna — YuTHU.

PE3YJIBTATDBI 1 OCY2KIEHUE

Yepes 7.2-8.8 u (T, ) mocie OAHOKPATHOTO
BBEJIEHUS B JKEJIyJIOK WHJIOMEHTHJIA B J103aX 12.5—
50 MT/KT €ro KOHIIEHTpAIlus B ILUIa3Me JIOCTUTAEeT
MaKCHMyMa U coXpaHsieTcs Ha 3ToM ypoBHe (MRT —
cpejiHee BpeMs y/iep:KaHUs B OPTaHU3ME) B TEUEHHE
8-10 u (puc. 2). Cucremnas skcrnozunus (AUC —
IUIOMIA/Ihb IO/ KPWUBOW KOHIIEHTpAIUs — BpeMsl)
(ur - u/MuI) TpPU BBEIEHUU WHAOMEHTIJIA B JI03€
12.5 MI/KI COCTaBJIsIeT 9055 + 2346, B 03€
25 MI/Kr — 21 065 + 6396, B J103e 50 MI/KI —
36 519 + 9505. MakcumasibHasg KOHIIEHTPAIUs
(C,,..) TP YBEJIMYEHUH /103l HHIOMEHTHUIIA MTOBbI-
maercs JIMHEHHO (puc. 3).

Yepes 12.8-16 u (T ) mocjie BBeJleHHs UHIO-
MEHTWJIA JIOCTUTAeTCs] MaKCUMaslbHas KOHIIEHTpa-
[MST MHAOMETAIHA, BBICBOOOK/1aEMOTO IIPU THAPO-
JI3e UHAOMEHTIIA, U otipesiesisieTcst B Kposu (MRT)
B TeueHue 30—77 4 (puc. 4). BeezieHne nH0MeHTIIIA
MIPUBOJIUT K COITIOCTABUMOMY C JTOB0U POCTY CHUCTEM-
HOHU skcmo3unmu mHaoMeranuHa. AUC uuHmomera-
npHa (HT - 4/MJT) IPU BBEIEHUY MHAOMEHTHUJIA B J103€
12.5 MI/KI cocTaBjsieT 34 149 * 8644, B 103e

detector (EkoNova LLC, Novosibirsk, Russia). The
analysis was performed using a 75 x 2 mm column
filled with a ProntoSil-120-5-C18 AQ sorbent with a
particle diameter of 5 pum. Chromatograms were
processed using the MultiChrom software (Amper-
sand Ltd., Russia). During extraction, biological
samples were mixed on a Vortex V-3 laboratory med-
ical shaker (Elmi, Latvia). A Biofuge pico centrifuge
(Heraeus, Germany) was used to precipitate the
aqueous organic phase of the sample. The organic
solvent was evaporated in a UniEquip 100 ECH va-
cuum concentrator (Univapo, Germany).

The developed technique was validated accord-
ing to the requirements [7, 8]. Based on the concen-
tration values obtained, pharmacokinetic profiles
were made. The calculation of pharmacokinetic pa-
rameters and statistical processing of the results
were carried out using the Microsoft Excel software
package. For all pharmacokinetic parameters, the
mean and standard error of the mean
(M + m) were calculated. The significance of differ-
ences (p < 0.05) between groups was determined
using the Mann-Whitney U test.

RESULTS AND DISCUSSION

7.2—8.8 hours (Tmax) after a single administra-
tion of indomenthyl into the stomach at doses of
12.5—-50 mg/kg, its plasma concentration reaches
the maximum and remains at this level (MRT is the
moderate retention time in the body) for 8-10 h
(Fig. 2). Systemic exposure (AUC — area under the
concentration-time curve) (ng - h/ml) with the ad-
ministration of indomenthyl at a dose of 12.5 mg/kg
is 9055 + 2346, at a dose of 25 mg/kg — 21 065 +
+ 6396, at a dose of 50 mg/kg — 36 519 + 9505. The
maximum concentration (C__) with an increase in
the dose of indomenthyl raises linearly (Fig. 3).

The maximum concentration of indomethacin
released during hydrolysis of indomenthyl is reached
12.8-16 hours (T, ) after the administration of in-
domenthyl, and its active metabolite is determined
in blood (MRT) within 30—77 hours (Fig. 4). The in-
troduction of indomenthyl leads to a dose-compara-
ble increase in the systemic exposure of indometha-
cin. The AUC of indomethacin (ng - h/ml) with the
introduction of indomenthyl at a dose of 12.5 mg/kg
is 34 149 + 8644, at a dose of 25 mg/kg — 61 196 +
+ 11 726, at a dose of 50 mg/kg — 205 884 + 57 920.
C_,, of indomethacin also elevates linearly with in-
creasing dose of indomenthyl (Fig. 5).

The AUC of indomenthyl and its active metabo-
lite indomethacin increases when administered into
the stomach in the dose range of 12.5-50 mg/kg and
is linear (p < 0.05) (Fig. 6, 7).
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Puc. 2. KoHIleHTpaIVsi HHOMEHTHIA B IUIa3Me KPBIC Yepe3 pa3Hble IPOMEKYTKY BPEMEHHU IT0CJIE BBEJIEHUS
Fig. 2. Plasma concentration of indomenthyl in rats at different time intervals after administration

25 Mr/kr — 61 196 + 11 726, B /103€ 50 MI/KI —
205 884 + 57 920. C  WH/IOMETAIIMHA TaKXe BO3-
pacraet JUHEHHO ¢ YBETUYEHUEM /I03bI HHAOMEHTH-
sa (puc. 5).

AUC uHIOMEHTIIA U €70 aKTUBHOT'O MeTab0 K-
Ta WHOMETAIIMHA YBEJIMUHUBAETCs TIPU BBEJAEHUU B
JKEJIYZIOK B JMAIla30He 7103 12.5—50 MT/KI U HOCHUT
JIMHEHHBIX XapakTep (p < 0.05) (puc. 6 u 7).

With an increase in the dose of indomenthyl
from 12.5 to 50 mg/kg, the elimination constant (k )
and half-life (T, /2) of indomenthyl and its active me-
tabolite indomethacin do not change, which indi-
cates the linear nature of the pharmacokinetics
(Table 1, 2).

The area under the curve after a single admin-
istration of indomenthyl at a dose of 25 mg/kg is

4000 -
3500 - y =71.08x + 98.071

SE R*=0.9949
<& 3000 -
=TT
T g
g~ 2500 1
=5
==
£ 5 2000 -
S g
SS 1500 -
2= 15
=
§° 1000 -

»
S

O 500 -

O T T T 1
10 20 30 40 50

Jl03a MHOMEHTHIIA, MT/KT
Indomenthyl dose, mg / kg

Puc. 3. 3aBucumocts C, . WHIOMEHTHIIA B IUIA3Me KPBIC OT €0 /I03bI

Fig. 3. Dependence of C___of indomenthyl in rat plasma on its dose
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Fig. 4. The concentration of indomethacin in rat
of indomenthyl at

ITpu yBeTuueHnn I03bI HHAOMEHTIIIA C 12.5 10
50 MTI/KT KOHCTaHTa snuMuHaiuu (k,) 1 Bpems 1o-
HYBHBeﬂeHHH(TLQ WHAOMEHTHJIA U €ro aKTUBHOT'O
MeTabo/IuTa MHAOMETAllMHA He H3MEHSIOTCS, YTO
yKas3bIBa€T Ha JIMHEWHBIN Xapakrep apMaKOKUHE-
TUKH (Tabs1. 11 2).

ITyomaap MOA KPUBOH IOCJIE OZHOKPATHOIO

BBeJJ€HUA WUHJIOMEHTHJIa B J03€ 25 MI‘/KI‘ cocTaB-

8000 Y = 217,08x — 1102.

7000 R?=0.9776
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3000
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C,,.x THIOMETAIIMHA, HT/MJT
Indomethacin C,,,, ng/ml

*

1000

J103axX 12.5—50 MI'/KT
plasma at different time intervals after administration
doses of 12.5—50 mg/kg

29 810 + 7925 ng - h/ml for indomenthyl and
134 211 £ 19 322 ng - h/ml for indomethacin. With
the introduction of indomenthyl at this dose for
7 days, the area under the curve is 22 636 +
+ 3575 ng - h/ml for indomenthyl and 138 744 +
+ 12 960 ng - h/ml for indomethacin. These indi-
cators do not significantly differ with different du-
rations of indomenthyl administration, which in-

9

(6] T
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Jlo3a UHIOMEHTHIIa, MT'/KT'
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. . ax . . .
Fig. 5. Dependence of indomethacin C,.. inrat plasma on the dose of indomenthyl
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Fig. 7. Dependence of the indomethacin AUC on the dose of indomenthyl

JisgeT 29 810 + 7925 HT - 4/MJI AJ151 UHAOMEHTHJIA U
134 211 + 19 322 HT - 4/MJI JUId WHAOMETAI[MHA.
[Ipu BBe/IeHUHW WH/IOMEHTHUJIA B 9TOU JI03€ B TeUe-
HUE 7 JHEeW IJIOmaAb II0J] KPUBOH COCTaBJISIET
22 636 + 3575 HT - 4/MJ JIJIsS UHJOMEHTUJIA U
138 744 + 12 960 HT - 4/MJI A WHAOMETAI[MHA.
AT TOKa3aTeu JOCTOBEPHO HE OTINYAIOTCS TPHU
Pa3HOU IMPOIOJI>KUTETbHOCTH BBEJIEHUS HH/IOMEH-
THJIa, YTO CBU/IETEJILCTBYEeT 00 OTCYTCTBUU MaTe-
pHaJbHOM KyMYJISIIUN HUHAOMETAIMHA, 0CBOOOK-
JlaeMOT0 B ITpoIecce THAPOJIN3a UHIOMEHTHIIA.

dicates the absence of material cumulation of in-
domethacin released during indomenthyl hydro-
lysis.

The indomenthyl molecule is characterized by
high lipophilicity and penetrates well into the focus of
inflammation. The ether bond of indomenthyl is rap-
idly hydrolyzed by active hydrolases of neutrophils,
indomethacin creates a concentration sufficient for
anti-inflammatory effect. With the introduction of
indomenthyl at a dose of 50 mg/kg, the linearity of
the indomethacin pharmacokinetics remains, which

Journal homepage: http://jsms.ngmu.ru
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TaGmna 1. PapMakOKHHETHUECKHe ITapaMeTPhl HHAOMEHTIUIA IIOC/IE €T0 BBEZEH KpblcaM
Table 1. Pharmacokinetic parameters of indomenthyl after its administration to rats

JIoza uagomenTuia, mr/kr | Indomenthyl dose, mg/kg

ITapamertp / Parameter

12.5
C .. Hr/Mmi | ng/ml 961.30 + 260.12%
T ..4/h 8.80 £ 3.38
AUC, ,mr-u/mu|ng-h/ml 9055+ 2345%
k,a1l/h” 0.19 £ 0.06

TI/Z, u/h 3.86 £ 1.09
MRT,u/h 8.04 +1.26

25 50
1985.27 + 588.50% 3840.47 £ 1038.93*
8.00 £ 0.00 7.20 £ 1.79

21 064 + 6396* 36 518 + 9504*
0.13 £ 0.04 0.18 £ 0.06

6.28 + 2.05 4.90 + 0.72

15.57 £ 4.14 21.31 + 6.64

* 3HAUMMbIe OTJIMYUs TI0Ka3aTesIel IPY BBeJIeHUY UHIOMEHTIIIA B PA3IMYHBIX /103aX (P < 0.05).
Significant differences in parameters with the introduction of indomenthyl at different doses (p < 0.05).

MouJtekysia HHIOMEHTHIA XapaKTEPUBYETCS BbI-
COKOM JIMTIOGUIBHOCTHIO M XOPOIIO IPOHUKAET B
odar BocrajleHUs. DPuUpHasA CBA3b WHIOMEHTHJIA
OBICTPO THAPOJIU3YETCS AKTUBHBIMH THAPOJIA3aMU
HEUTpO(UIOB, UHAOMETAIMH CO3/aeT KOHIIEHTpPa-
W10, JOCTATOYHYIO IS MMPOTHUBOBOCIAIUTETBHOTO
nevictBud. Ilpu BBeJeHWM WHAOMEHTHJIA B JI03€
50 MT/KT JIMHEHHOCTh (papMaKOKUHETHKU HHIOME-
TaI[MHA COXPAHSETCS, YTO CBUJIETEIBCTBYET O IIPO-
JIOJDKEHUHU JIEUCTBUS THUJIPOJIa3, HECMOTPsS Ha BO3-
POCIITYI0 Harpy3Ky Ha 3TH (hepPMEHTHI.

[Ipu BBeZIeHMH WH/IOMEHTHIIA BO BCEX HCCIIEMO-
BaHHBIX /I03aX B IUIa3Me KPBIC CO3/IAI0TCS OTHOCH-
TeJIbHO HeOOJIbIIINe KOHIIEHTPAIIMH UHAOMETAI[HA.
MHAOMEHTIII MOKHO OIEHUTH KaK 6e30TacHy 0 pe-
Tap/HyI0 (HOPMY HHIOMETAIHA JJIs HCI0JIh30Ba-
HUS TIPU BOCTIATUTETBHBIX 3a00/I€BAHUSX.

SAK/IIOYEHUE

Ha ocHOBaHWM NPOBEIEHHOTO WCCJIEIOBAHUS
MOKHO C/I€JIaTh CJIe/IYIOIIe BBIBOZBI:

1. PapMaKOKWHETUKA MH/IOMEHTIIIA IIPU BBEJIE-
HUM KPbICAM B JKEJIYIOK B J103aX 12.5—50 MI/KT U
BBICBODO0K/IAEMOTO TIPHU €r0 TUAPOJIN3€e MHIOMETa-

indicates the continuation of the hydrolases effect,
despite the increased load on these enzymes.

With the introduction of indomenthyl in all
studied doses in the plasma of rats, relatively low in-
domethacin concentrations appear. Indomenthyl
can be evaluated as a safe retard form of indometha-
cin for use in inflammatory diseases.

CONCLUSION

Based on the study, the following conclusions
can be drawn:

1. Pharmacokinetics of indomethacin with the
administration into stomach of rats at doses of
12.5—50 mg/kg and released during its hydrolysis
indomethacin is linear in terms of systemic expo-
sure of AUC and peak concentration.

2. The administration of indomenthyl within
7 days is not accompanied by the cumulation of in-
domenthyl and indomethacin.

3. Indomenthyl can be considered a potentially
safe prolonged form of indomethacin.

Conflict of interest. The authors declare no
conflict of interest.

TaﬁJII/IIIa 2, q)apMaKOKI/IHeTI/I‘IeCKI/Ie ImapaMeTpbl UHAOMETAIIWUHA I1I0C/I€ BBEACHUA NHAOMEHTHUIIA KPbICaM
Table 2. Pharmacokinetic parameters of indomethacin after administration of indomenthyl to rats

JNoza nagomenTiaa, Mr/kr | Indomenthyl dose, mg/kg

ITapametp / Parameter

12.5
C,.u HI/MI | ng/ml 1615.16 + 503.40%
T,..49/h 14.40 + 3.58
AUC, _,ur-u/mn|ng-h/ml 34149 + 8643*
kg, a1 /h™ 0.10 + 0.03
T,4/h 7.54 + 2.13

MRT, 4 /h 35.19 + 8.65

25 50
2960.80 + 236.50* 8771.86 + 1924.79*
16.00 + 5.66 12.80 + 3.38
61196 + 11 725% 205 884 + 57 920*
0.07 £ 0.02 0.10 + 0.02

10.69 £ 2.45 7.27 £ 1.34

77.12 + 23.55 30.02 £ 7.55

* BHaunMble OTIM4us (papMAKOKMHETHKY UHOMETAlliHA [IPU BBE/IEHUY MH/IOMEHTHIIA B PA3JIMYHBIX /103X (P < 0.05).
Significant differences in the pharmacokinetics of indomethacin with the introduction of indomenthyl at different doses (p < 0.05).

24

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2020-3-17-26

Bykova A.V. et al. / Journal of Siberian Medical Sciences 3 (2020) 17—26

OMHA HOCUT JINHEHHBIN XapakTep II0 MOKa3aTesaM
cucreMHO# skcno3unuu AUC U NMUKOBOW KOHIIEH-
Tparum.

2. BBeneHne MHIOMEHTHIA BHYTPh B TeUeHUE
7 JTHEW HE COIIPOBOKJIAETCA KyMYJIALMEN WHJ/IOMEH-
TIJIA ¥ UH/IOMETAIHA.
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CBEJEHUA Ob ABTOPAX

BbrikoBa ApuHa BiagumMupoBHa — acnupaHT Kade-
npel dapmakosoruu ®I'BOY BO «Cubupckuit rocy-
JIapCTBEHHBI MEJUIMHCKUNA YHHUBepcUTeT» MUH-
3apasa Poccun (ToMck); MitaaIuii HAyYHBIH COTPYA-
HUK OOO «/HHOBamMOHHBIE (apMaKOJIOTUYECKUE
paspabotku» (000 «HUdap») (Tomck).

beikoB Biagumup BajsieppeBuu — acriupant xade-
JIpbl OMOXUMUH U MOJIEKYJISIPHON OHMOJIOTUHU C KYPCOM
KJIMHUYECKOU JlaboparopHoil auarHoctuku OI'BOY
BO «Cubupckuil TOCyapCTBEHHBIH MeIUIIMHCKUI
yHuBepcuteT» Munazapasa Poccuu (Tomck); Hauasb-
HUK oOTzesa (apMaKoJOTHUYeCKUX HCCIIeT0OBaHUN
000 «uHOBaMOHHbBIE (apMaKOJIOTHYECKUE pa3pa-
6otku» (000 «HMdap») (Tomcek).

MoToB Basepuii CepreeBuu — acnupaHT Kadeapbl
dapmakosornu ®I'BOY BO «Cubupckuii rocymap-
CTBEHHBIM MeIUIMHCKUH yHHUBepcuTeT» Mun3szapa-
Ba Poccun (Tomck); MJIa[IInd HAyIHBIH COTPYIHUK
00O «MuHOBaoHHbIE GapMaKoJIOTHYecKue pa3pa-
60Tku» (000 «Udap») (Tomck).

JleonoB Kiium AHapeeBUY — KaH/l. XMM. HayK, PyKO-
BOZUTEJb TPYIIIBI XPOMaTO-MacC-CIEKTPOMETPUH,
000 «MuHOBanoHHble GapMaKoJIOTHYecKue pa3pa-
60Tku» (000 «Udap») (Tomck).

3. IHIOMEHTHI MOKHO pacCcMaTpUBaTh KakK I10-
TEHI[UATIBHO Oe30I1acHYI0 IIPOJIOHTUPOBAHHYIO (op-
My WHZOMeTalllHa.

KoH@IHKT MHTEPECOB. ABTODHI 3aBJIAIOT 00
OTCYTCTBUU KOH(JIMKTA NHTEPECOB.
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BansaHue remapuHa U 3TaHOJIA HA AaKTUBHOCTD
JaKTaTAeruAporeHasbl B MUTOXOHAPHUAJTbHOM U
IUTOIJIA3MAaTUYECKOU (PPAKITUAX KJIETOK MEYEHU KPBbIC
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Effect of heparin and ethanol on the activity of lactate
dehydrogenase in mitochondrial and cytoplasmic rat liver cell
fractions
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AHHOTAIINA

B ompITax Ha KPhICAaX MOKA3aHO, UTO STAHOJ B /I03€ 4.5 T/KT IPUBOJUT K MOBBINIEHUIO aKTUBHOCTH JIAKTATAETU[PO-
reHassl (JI/II') KJIeTOK IeUeHH KPbIC B IPSIMOH PeaKI[UU B CyOKJIETOUHBIX (GPAKIUAX. B IUTOIIa3MaTHYeCKOH hpakIuu
axtuBHOCTB JI/IT' B 06paTHOM peakIuu CHIKaIAch. [IpeBapuTeIbHOE BBE/IEHNE )KHBOTHBIM rerapuHa B 103e 250 ME/
KT YaCTUYHO HUBeUpyeT 3¢ GeKThl BHYTPUOPIOIINHHOTO BBEJEHUS TAHOJIA, YTO BBIPAXKAETCSA B CHUKEHUH aKTHBHO-
ctu JIAT" KJIeTOK IeueHU KpBIC B IPAMOH peakIUuu B cyOKIeTOUHBIX ppaknuax. CBA3bIBaHUE SHJOTEHHOTO TellapuHa
MIPOTaMUH CY/Ib(ATOM U MOCIIeAYIOIIee BBEJEHNE 3TaHOJIA IPUBOAUT K yBeJIMYeHUI0 akTUBHOCTH JIIT' B MUTOXOH/APU-
apHOU (BPAKIUH KJIETOK [TeYeHHU KPBIC.

Kniouesule c108a: aKkTaTAETUAPOreHasa, CyOKIeToYHble PAKIUN [IeYeHH, STAHOJI, TellapHH, IPOTaMUH CyIbdar.

ABSTRACT

Experiments on rats have shown that ethanol at a dose of 4.5 g/kg leads to an increase in the activity of lactate dehy-
drogenase (LDH) in rat liver cells in a direct reaction in subcellular fractions. In the cytoplasmic fraction, the LDH activity
in the reverse reaction decreased. Pre-administration of heparin to animals at a dose of 250 IU/kg partially neutralizes the
effects of intraperitoneal administration of ethanol, which is expressed in a decrease in the activity of LDH in rat liver cells
in a direct reaction in subcellular fractions. Binding of endogenous heparin to protamine sulfate and subsequent adminis-
tration of ethanol leads to an increase in LDH activity in the mitochondrial fraction of rat liver cells.

Keywords: lactate dehydrogenase, subcellular fractions of the liver, ethanol, heparin, protamine sulfate.

BBEAEHWUE

Haxopsice Ha pasBmwike IyTed MeTabon3Ma
VIJIEBOJIOB, JiakTaTaeruaporenasa (JIZII') yuactByer
B PETYJIALMY TOHKO cOAITaHCUPOBAaHHOTO KaTaboIH3-

INTRODUCTION

Being at the fork in the pathways of carbohy-
drate metabolism, lactate dehydrogenase (LDH) is
involved in the regulation of finely balanced catabo-
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Ma 1 aHaboJIM3Ma, aHa3POOHOTO U a3POOHOTO IITUKO-
JIN3a, a TaKkXKe UrpaeT HEMAJOBAKHYIO POJIb B IIPO-
Ieccax KJIETOUHOTO allK/103a, aloITo3a, pocTa u re-
HEPUPOBAHUsA PEeKOMOMHAHTHBIX OeJkoB. JlakraT
MOX>KHO PaccMaTpUBaTh KaK OIIPe/IeJIEHHbIN TKaHe-
BOH pe3epB aKTUBHO MeTabOIU3UPYIOIIErocs MUPy-
Bata. OOpaTHUMOCTb JIAaKTAT/IETHIPOTeHA3HOU peak-
UM U BBICOKAs aKTUBHOCTH (PepMeHTa IO3BOJISAIOT
mmape cybCTpaTOB JIAKTAT — IMUPYBAT UTPATh BAXKHYIO
pOJIb B KOHTPOJIE HAJL OTHOLIEHUEM OKHUCJIEHHBIX U
BOCCTAHOBJIEHHBIX (POPM HUKOTHHAMUJIAAEHUHIV-
nykieotuzaa (HA/) B kinetke [1].

Jlakratneruaporenaza (L-nmakrat: HAJl*-ok-
cuyopeiykTasa, ko ¢pepmenta (KP) 1.1.1.27) kara-
JIUBUPYET PEAKITUIO:

L-nakrar + HA/* < nupysat + HA/IH.

CyliecTBEHHBIM B BO3MOMKHOU CIIOCOOHOCTH
JIAT' K “3MEeHEeHUI0 HallpaBJIeH! A II0TOKOB IINpyBaTa
sIBJIsIeTCsI OOHApy KeHHasl y 3Toro (hepMeHTa caMope-
TyJISIUs — WHTHOWpOBaHUE U30BITKOM cyOcTpaTa
(mupyBarta) [2]. CybcrpaTHOe WHrHOWpOBaHUE, B
CBOIO OYEepesb, MOJIBEPKEHO BHEIIHUM PEryJISTOP-
HBIM BO3/eHCcTBUAM. HUBEMPYIOT cyOCTpaTHOE MH-
rubupoBaHUe JAKTATAETUAPOreHas3bl TAKIKe HEKOTO-
phle aHasoru cyocrpara. BoamMorkHO, 4TO B IIpoiecce
WHTUOUPOBAHUS YYACTBYIOT Pa3IMYHble KOH(pOpMe-
po1 JIAT, obnamaromire pa3HBIM CPOJCTBOM K CYO-
cTpaTty — uHruouTopy [3].

B pa6ote CyrpoboBoii ¢ cOaBT. OBUIO MMOKA3aHO,
uyTo obaByeHre F-akTuHa BBI3BIBAET CHIDKEHUE aK-
TuBHOCTU JI/IT', UTO CONpOBOXKAAETCA YXyAIIIEHUEM ee
KaTUINTUYECKUX XapakTepucTUk [4]. Ilpucoenune-
Hue JI[AI' kK axTWHYy NPUBOJUT K AaKTUBAIUUA
Mg?**-AT®a3pl akTHHOMHO3UHA Ha 30 %. Bo3moxkHO
B3aumozencreue JIJII' He Tospko ¢ F-akTHHOM, HO U
TyOyJIMHOM, MUKDOTYOYJIMHOM U APYTUMU OeyIkamMu
nuTockesera kietku [2]. [Tpegnomnaraercs, uro o6pa-
TUMas aAcopOIA GEPMEHTOB ITTUKOJIN3a, B TOM YHC-
e JI/IT', Ha CTPyKTYPHBIX KOMIIOHEHTAX KJIETKU SBJIA-
€TCsI OTHUM U3 BRXKHEUIITNX MEXaHU3MOB PETYIIALIII
Merabosimama OJiarofjaps yrmopsi[OUeHHOCTH, KOM-
MMapTMEHTATU3AIUA MeTa00JTMUECKHX IIPOIECCOB [5].
Bzaumoneiictue JI/II ¢ 6eikaMu U ITOJTHAJIEKTPOJIH-
TaMU NPUBOJUT K 00Pa30BaHUI0 KOMILIEKCOB, KOTO-
pble, U3MeHss PAaBHOBECHE B CHCTEME JIIMED — Te-
TpaMep, BJMIIOT HA KATAIUTUYECKYI0 aKTUBHOCTDb
depmenTa [6, 7]. Takke BO3BMOKHO 0OpaTUMOE CBS-
3eiBanme JIJII' Tuma B ¢ simmocomamMu, cOCTOSIIIIMU
U3 KUCTBIX (HOCHOTUITHUIIOB. DTOT MpoIecc Hanbosee
2 beKTUBHO UET IPU HU3KUX 3HaUeHUusX pH, 6u3-
KUX K M303JIEKTPUYECKOU Touke Oesnka. B maHHBIX
VCJIOBUSIX CAWT cBA3bIBaHUA Kodakropa HA/TH jak-
TaT/AETHIPOTeHa3bl TUIIA B aKTHMBHO y4acTBYeT BO
B3auMOJIecTBUH (hepMeHTa ¢ KHUCJIBIME (GHocGhoTu-
nagamu [8].

lism and anabolism, anaerobic and aerobic glycoly-
sis, and also plays an important role in the process-
es of cellular acidosis, apoptosis, growth and gen-
eration of recombinant proteins. Lactate can be
considered as a specific tissue reserve of actively
metabolizied pyruvate. The reversibility of the lac-
tate dehydrogenase reaction and the high activity
of the enzyme allow the lactate-pyruvate substrate
pair to play an important role in controlling the ra-
tio of oxidized and reduced forms of nicotinamide
adenine dinucleotide (NAD) in the cell [1].

Lactate dehydrogenase (L-lactate: NAD*-oxi-
doreductase, enzyme code (EC) 1.1.1.27) catalyzes
the reaction:

L-lactate + NAD* < pyruvate + NADH.

The self-regulation found in this enzyme — in-
hibition by an excess of the substrate (pyruvate), is
essential in the possible ability of LDH to change
the direction of pyruvate flows [2]. Substrate inhibi-
tion, in turn, is subject to external regulatory influ-
ences. Some analogs of the substrate also neutral-
ize the substrate inhibition of lactate dehydroge-
nase. It is possible that various LDH conformers
with different affinity for the substrate-inhibitor
participate in the inhibition process [3].

In the work of Sugrobova et al. it was shown
that the addition of F-actin causes a decrease in
LDH activity, which is accompanied by a deteriora-
tion in its catalyst performance [4]. The addition of
LDH to actin leads to activation of the Mg?*-ATPase
of actomyosin by 30%. LDH may interact not only
with F-actin, but also with tubulin, microtubulin,
and other proteins of the cell cytoskeleton [2]. It is
assumed that the reversible adsorption of glycolysis
enzymes, including LDH, on cell’s structural com-
ponents is one of the most important mechanisms
of metabolic regulation due to the orderliness and
compartmentalization of metabolic processes [5].
The interaction of LDH with proteins and polyelec-
trolytes leads to the formation of complexes which,
by changing the equilibrium in the dimer — tetra-
mer system, affect the catalytic activity of the en-
zyme [6, 7]. Reversible binding of LDH B to lipo-
somes composed of acidic phospholipids is also
possible. This process is most efficient at low pH
values, close to the isoelectric point of the protein.
Under these conditions, the binding site of the
NADH cofactor of lactate dehydrogenase B is ac-
tively involved in the interaction of the enzyme with
acidic phospholipids [8].

We have previously shown that in vitro the
heparin, upon formation of a complex with a puri-
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Panee HamMu OBLIIO MIOKAa3aHO, YTO IN vitro rema-
PUH Ipu 0Opa30BaHUM KOMILIEKCA € OYHIEHHBIM
npenapatoMm JI/II' yBenuyuBaeT akTUBHOCTH ¢ep-
MEHTA I10 IByXIIapaMeTPUIECKH PACCOTIACOBAHHOMY
TUITy aKTUBAI[MU. DTAHOJ He OKa3bIBaeT BIUAHUA Ha
AKTUBHOCTH OUMIlleHHOTO npemnaparta JI/T', a aTanosn
Ipu BozJielicTBUU Ha KoMmIuleke JI/IT — remapus ak-
TUBHUPYeT JIAKTaTAETHPOreHa3HyI0 peaKIuio II0
JIByXIIapaMeTPUYECKU PACCOTIACOBAHHOMY THILY aK-
TuBanuy [9]. OgHaKO CBeIeHNsA O COUETAHHOM BJIHSI-
HUY 5HJIOTEHHOTO U 5K30T€HHOTI'0 TellapyHa U 3TaHO-
J1a in Vivo UMeIoT parMeHTapHBIN XapaKTep, B CBSI-
3U ¢ ueM ObLIa IpeAIPUHATA HAcToAIast paboTa.

IIEJIb UCCJIETOBAHUHA

O11eHUTH BIUAHUE TellapUHA 1 3TaHoJ1a (TIPU Co-
YyeTaHHOM BBEJIEHMHM) Ha aKTUBHOCTH JIAKTATIErH-
JIpOTeHas3bl B CYOKJIETOUHBIX (PPAKIUAX IT€YEHU
in vivo.

MATEPHUAJIBI 1 METO/ABbI

B skcneprMenTax ObLIH MCIOJIB30BAHBI 80 He-
JIMHEWHBIX KPBIC-CAMIIOB Maccor 200 + 15 T, coJiep-
JKaIuxcss B KOM(MOPTHBIX YCJIOBUAX Ha 00IEM pa-
MOHe BUBapusd. Bce :KUBOTHBIE OBLIN pacIpesesie-
HEI B 8 rpymi (onycaHye TPYIII IaHO B Ta0JI. 1, 2) 11O
10 KpbIC B KaK/IOH. B KayecTBe HCCIIEyEMBIX Be-
IIECTB HCIIOJIH30BAJIUCH CJIEAYIOIIVE IIPEraparh:
1) BBICOKOMOJIEKYJIAPHBIA TeMapuH ITPOU3BOJICTBA
MOCKOBCKOTO 2H/IOKPUHHOTO 3aBOJIa, COAEPKAIIIHI
B 1 mu pactBopa 5000 ME (1 ME = 0.0077 wmr);
2) MpoTaMuH CyabdAaT MPOU3BOACTBA MOCKOBCKOTO
SHIIOKPUHHOTO 3aBO/Ia, COZEPIKAIIUMA B 1 MJI PACTBO-
pa 10 MT CyXOro BEeIIEeCTBa, 3) CIIUPT STHUIOBBIN PEK-
tudukar. Vcesenyemple BelecTBa pa3BoOAWwiIn Qu-
3UOJIOTUUECKUM PACTBOPOM U BBOAMJIH BHYTPHUOPIO-
IIUHHO B 00'bEME 1 MJI B OIIPE/IEJIEHHON TOCIEI0Ba-
TeJIbHOCTH, IPEeIyCMOTPEHHOH YCJIOBUSAMU OIIBITA.
BpeMst Mesk/Ty BBeIEHUSMHU ObLIIO TIOCTOSTHHBIM U CO-
CTaBJISIIO 10 MUH.

MUTOXOHAPHATBHYI0 M ITUTOILIA3MATHIECKYIO
(dbpaxiu KIeTOK MeUeHU SKCIEPUMEHTATBHBIX KHU-
BOTHBIX TOJIydYaJT MeTo/ioM AuddepeHnaTbHOTO
neHTpudyrupoanus [10]. Kpbic mociie okoHUaHUS
SKCIIEPUMEHTA JeKAalUTUPOBaIU. I[leueHb OBICTPO
W3BJIEKIH, OTMBIBATI OT KPOBU, MHOTOKPATHO IIep-
¢y3upys ee OXJIK/AEHHBIM (DU3NOTIOTUUECKUM pac-
TBOPOM C TIOMOIIIBIO TOJICTOH HTJIBI U IIIPUIA 00be-
MOM 10 MJI. [IpOMBITYIO TI€UeHb IIOMEIIAIN Ha CTOSI-
IIyI0 HA JIpy Jamky [leTpu u u3Mebyaan HOXKHU-
[[aMH{, TOMOT€HH3UPOBAIM B IUCTHUIMPOBAHHOMN
Bozie. 3aTeM 10% roMoreHaT LeHTpudyrupoBaIn Ha
neHrpudyre PC-6 mpu 6000 00./MHUH B TedeHHE
15 muH. CyllepHaTaHT OTAEJIsUIN OT ocajka (spa, He

fied LDH preparation, increases the enzyme activ-
ity by a type of mismatch between two-parameters.
Ethanol does not influence the activity of the puri-
fied LDH preparation, while ethanol’s effect on the
LDH — heparin complex, activates the lactate de-
hydrogenase reaction according to the two-param-
eter mismatch activation type [9]. However, infor-
mation on the combined effect of endogenous and
exogenous heparin and ethanol in vivo is fragmen-
tary, and therefore the present work was under-
taken.

AIM OF THE RESEARCH

To evaluate the effect of heparin and ethanol
(with combined administration) on the activity of
lactate dehydrogenase in subcellular liver fractions
in vivo.

MATERIALS AND METHODS

In the experiments, 80 outbred male rats
weighing 200 + 15 g were used, kept under comfort-
able conditions on the general diet of the vivarium.
All animals were divided into 8 groups (the descrip-
tion of the groups is given in Tables 1, 2), 10 rats
each. The following drugs were used as test sub-
stances: 1) high molecular weight heparin produced
by the Moscow Endocrine Plant containing 5000
IU in 1 ml of solution (1 IU = 0.0077 mg); 2) pro-
tamine sulfate produced by the Moscow Endocrine
Plant containing 10 mg of dry matter in 1 ml of solu-
tion, 3) rectified ethyl alcohol. The test substances
were diluted with physiological saline and injected
intraperitoneally in a volume of 1 ml in a certain
sequence provided for by the conditions of the ex-
periment. The time between injections was con-
stant and amounted to 10 min.

Mitochondrial and cytoplasmic fractions of
liver cells from experimental animals were ob-
tained by differential centrifugation [10]. Upon
completion of the experiment, rats were decapitat-
ed. The liver was quickly removed, washed from the
blood by repeated perfusion with chilled saline us-
ing a thick needle and a 10 ml syringe. The washed
liver was placed on a Petri dish standing on ice,
chopped with scissors, and homogenized in dis-
tilled water. Then the 10% homogenate was centri-
fuged in a RS-6 centrifuge at 6000 rpm for 15 min.
The supernatant was separated from the sediment
(nuclei, intact cells) and centrifuged at 15 000 rpm
for 15 min. Sediment — mitochondrial fraction, su-
pernatant — cytoplasmic fraction. The activity of
lactate dehydrogenase (L-lactate: NAD*-oxidore-
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paspyllleHHbIe KJIETKH) U NEeHTPU(DYTUPOBATIN IPU
CKOpOCTH 15 000 00./MuH B TeueHue 15 muH. Oca-
JTOK — MUTOXOHJIpHUATbHASA (PPAKIINSI, CyIIEPHATAHT —
[ATOIUIA3MATHYECKasA. AKTUBHOCTh JIAKTAT[ETH/I-
porenassl  (L-makrar:  HAJ/[*-oxcupopenykrasa,
K® 1.1.1.27) B 1aHHBIX PPAKIUIX OMPEIEIISIITH IO Me-
tony KoueroBa [11] Ha MukpocmnekTpodoTOMETpE
PowerWave XS (CIIIA).

Cratuctuueckasi 06paboTKa pesyJibTaToB ObLIa
[IpOBeJieHa ¢ TpuMeHeHneM t-kpurtepust CThIO/IEHTa C
KCI0JIb30BaHMeM mporpamMmmbl Primer of Biostatistics

[12].
PE3YJIBTATHBI U OBCYXKAEHUNE

Wccnenopanme aktuBHOcTu JIJII' B MUTOXOH-
JIpUaJIbHOM ¥ IIUTOILJIA3MaTUYECKOU (PPAKITUAX KIe-
TOK IIeYeHHU KPbIC TTOKA3aJI0, YTO BHYTPUOPIOIIHHHOE
BBEJIEHUE JKUBOTHBIM 3TaHOJIA B JI03€ 4.5 I'/KT IPH-
BOJIMJTO B OCHOBHOM K TIOBBIIIEHNO0 aKTUBHOCTHY /TaH-
Horo ¢epMeHTa.

B MUTOXOHZpUATBHON (PpaKIUU aKTHBHOCTb
JI/IT' B mpsAAMO¥ peaKIMU COCTaBWJIA 720.7 + 44.3
HMOJIb/MUH Ha 1 MT OeJIKa, YTO JIOCTOBEPHO BBIIIIE
10 CPaBHEHHIO C KOHTPOJILHOH IPYIIION B 1.7 pasa; B
obpaTHO# — 1135.0 + 80.6 HMOJIb/MUH Ha 1 MT GeJI-
Ka, YTO TaK:Ke JIOCTOBEPHO BHIIIIE TAHHBIX KOHTPOJIb-
HOU TPyYIIBI B 2.2 pasa (tabi. 1). B muromiazmaru-
YecKoU (ppaKI[UU KJIETOK IMeYeHH aKTUBHOCTDH (pep-

ductase, EC 1.1.1.27) in these fractions was deter-
mined using the Kochetov method [11] on a Power-
Wave XS microspectrophotometer (USA).

Statistical processing of the results was carried
out using the Student’s t-test and the Primer of Bio-
statistics software [12].

RESULTS AND DISCUSSION

The study of LDH activity in the mitochondrial
and cytoplasmic fractions of rat liver cells showed
that the intraperitoneal administration of ethanol
to animals at a dose of 4.5 g/kg led mainly to an
increase in this enzyme’s activity.

In the mitochondrial fraction, the LDH activity
in the direct reaction was 720.7 + 44.3 nmol/min
per 1 mg of protein, which is significantly higher
than in the control group by 1.7 times; in the reverse
reaction — 1135.0 + 80.6 nmol/min per 1 mg of pro-
tein, which is also significantly higher than the data
obtained in the control group by 2.2 times (Table 1).
In the cytoplasmic fraction of liver cells, the en-
zyme activityinthe directreaction was 1330.0 + 51.2
nmol/min per 1 mg of protein, which is significantly
higher than in the control group by 1.9 times. In the
reverse reaction, the activity of lactate dehydroge-
nase decreased and amounted to 800.9 + 58.2

Ta6uuma 1. AkruHocTh JI/IT (HMOJIB/MUH Ha 1 MT O€JIKa) B MUTOXOH/APHUAIBLHOHN (PPAKIIUU KJIETOK MeYEeHU KPbIC IIPU
BBeJIEHUU TrenaprHa, 3TaHOJIa, IPOTaMUH CyJIbdaTa | MIPU UX COBMECTHOM /IeHCTBUH

Table 1. LDH activity (nmol/min per 1 mg of protein) in the mitochondrial fraction of rat liver cells with the administration
of heparin, ethanol, protamine sulfate and in their combined action

I'pynma / Group

IIpamas peaknusa
Direct reaction

O6parHas peakIus
Reverse reaction

KouTtposbhas (MHTaKTHBIE :KUBOTHBIE) / Control (intact animals)

Tenapus (250 ME/kr) / Heparin (250 1U/kg)
Jranox (4.5 r/kr) / Ethanol (4.5 g/kg)

Tenmapun — sTanos / Heparin — Ethanol

IIporamus cysbdar (10 mr/kr) / Protamine sulfate (10 mg/kg)
IIpotamun cynbdar — remaput / Protamine sulfate — Heparin
IIporamuH cynbdar — atanosa / Protamine sulfate — Ethanol

IIporamuH cynbdar — remapu — 3TaHoi / Protamine sulfate —

Heparin — Ethanol

418.1 £ 24.5 500.4 + 22.9
374.0 £ 25.6 519.9 £+ 20.3
720.7 £+ 44.3* 1135.0 + 80.6*
622.2 + 43.6*° 1352.0 + 54.3%™*
399.9 £ 15.1 532.5 + 24.5
381.8 £ 19.7 520.2 + 14.8
523.0 £ 24.6%* 617.6 £ 44.2*

670.6 + 37.1*" 1758.0 £ 69.9*"#

IIpumeuanue. Pasauuua Mexay caeAylOIIMME IPYIIaMU CTATUCTUYECKH 3HAYNMBI:

* OWIMYKe OT KOHTPOJIbHOH rpynmsl (p < 0.05);
° omnuue ot rpynisl «lenapun» (p < 0.05);
+ OTJIMYKE OT TPYIIIBI «ITaHo» (P < 0.05);

~ ornuue ot rpynisl «IIporamuH cysbdaT — 3TaHoI» (P < 0.05);

# ominaue oT rpynnsl «erapud — staHon» (p < 0.05).

Note. The differences between the following groups are statistically significant:

* difference from the control group (p < 0.05);
° difference from the Heparin group (p < 0.05);
+ difference from the Ethanol group (p < 0.05);

~ difference from the Protamine sulfate — Ethanol group (p < 0.05);

# difference from the Heparin — Ethanol group (p < 0.05).
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MEHTa B TPAMOHM peakIuH cocTaBmwiaa 1330.0 +
+ 51.2 HMOJIb/MHH Ha 1 MT 0€JIKa, 4TO JIOCTOBEPHO
BBIIIIE [10 CPABHEHUIO € TPYIIION KOHTPOJIA B 1.9 pasa.
B 0OpaTHO# peaklnuy aKTHBHOCTD JIAKTAT/IETHU/IPO-
reHa3pl yMeHBIIWJIAch U cocTaBwiaa 800.9 =+
+ 58.2 HMOJIB/MUH Ha 1 MT 0€eJIKa, YTO IOCTOBEPHO
HIDKE JTaHHBIX KOHTPOJIBHOU TPYIIBI B 1.2 pasa
(Tabu. 2).

BBenieHre JKHMBOTHBIM 5TaHOJIA B JI03€ 4.5 T/KT
IIpU [Ipe/IBapUTEIbHOM BBEIEHUU TellapyHa B J103€
250 ME/Kr npuBoZuIo K COXpaHeHHI0 OoJiee BhICO-
KHUX 3HaUYeHUH JIaKTaTAernporeHa3HoN aKTHBHOCTH
B MUTOXOHJIDHAJBHOH U IIUTOIUIA3MAaTUYECKOU
(ppakuaX KJIETOK IeYeHU KpPBIC IO CPAaBHEHUIO C
KOHTPOJIbHOH rpynmoil. Tak, B MUTOXOHPUAJIBHON
¢paknuu nokazarens aktuBHOCTH JI/II' B mpsamMoi
PEeaKIuu COCTaBWII 622.2 + 43.6 HMOJIb/MHH Ha 1 MT
0eJika, YTO JOCTOBEPHO BBIIIE TI0 CPABHEHUIO C IIO-
Ka3aTeJIsIMU TPYIIbI KOHTPOJIA B 1.5 pasa; B o6par-
HOM peaknuu — 1352.0 + 54.3 HMOJIb/MHH Ha 1 MT
6eJyika, YTO TaKXKe JIOCTOBEPHO BBIIIE /IAHHBIX KOH-
TPOJIBHOH IPyHIbI B 2.7 pasda (cM. Tabi. 1). B muro-
IUTa3MaTUYeCKON (ppaknuy KJIeTOK IeYeHU aKTUB-
Hocth JI/II' B IpAMOY peakmuu cocTaBwia 1210.0 +
+ 51.3 HMOJIb/MHH Ha 1 MT 0GeJIKa, YTO JOCTOBEPHO
BBIIIIE TIOKa3aTeJiell KOHTPOJIA B 1.7 pasa. JlocToBep-
HBIX OTJIMYUH TI0 JIAKTATAETU/IPOTeHa3HON aKTUBHO-

nmol/min per 1 mg of protein, which is significantly
lower than the data of the control group by 1.2 times
(Table 2).

Administration of ethanol to animals at a dose
of 4.5 g/kg with preliminary administration of hep-
arin at a dose of 250 IU/kg resulted in the preserva-
tion of higher values of lactate dehydrogenase ac-
tivity in the mitochondrial and cytoplasmic frac-
tions of rat liver cells compared to the control
group. Thus, in the mitochondrial fraction, the in-
dex of LDH activity in the direct reaction was
622.2 + 43.6 nmol/min per 1 mg of protein, which is
significantly higher than in the control group by
1.5 times; in the reverse reaction — 1352.0 + 54.3
nmol/min per 1 mg of protein, which is also signifi-
cantly higher than the data of the control group by
2.7 times (see Table 1). In the cytoplasmic fraction
of liver cells, the LDH activity in the direct reaction
was 1210.0 + 51.3 nmol/min per 1 mg of protein,
which is significantly higher than the control values
by 1.7 times. There were no significant differences
in lactate dehydrogenase activity in the reverse re-
action in the cytoplasmic fraction between the Hep-
arin — Ethanol group and the control group (see
Table 2).

Tao6uuna 2. AxktupHocTh JIIT' (HMOIb/MUH Ha 1 MT 6€JIKa) B IUTOILIA3MAaTUUECKOU (DPAKIIMHU KJIETOK IIEYeHU KPBIC MTPU
BBEJIEHUU relapyuHa, TaHOJIa, TPOTAMUH Cybdara 1 IPU UX COBMECTHOM JIeHCTBUM

Table 2. LDH activity (nmol/min per 1 mg of protein) in the cytoplasmic fraction of rat liver cells with the administration
of heparin, ethanol, protamine sulfate and in their combined action

I'pynna / Group

IIpsamas peaknua  O6paTHasA peaknusa

Direct reaction Reverse reaction
KoutposbHas (nHTaKkTHBIE kUBOTHBIE) / Control (intact animals) 692.3 + 39.2 975.2 + 55.3
Tenapun (250 ME/kr) / Heparin (250 IU/kg) 609.2 + 34.4 1029.0 + 20.5

dranoi (4.5 r/kr) / Ethanol (4.5 g/kg)

Tenapuu — stanos / Heparin — Ethanol

ITporamuH cysnbdar (10 mr/kr) / Protamine sulfate (10 mg/kg)
ITporamuH cysibdar — remapun / Protamine sulfate — Heparin
ITporamuH cynbdar — sta"os / Protamine sulfate — Ethanol

ITporamuH cysibdar — renapud — 3taHos / Protamine sulfate —

Heparin — Ethanol

1330.0 £ 51.2%
1210.0 + 51.3%°
618.2 £ 22.7
625.0 + 27.9
1391.0 + 65.1%
1213.0 £ 53.2%

800.9 + 58.2%
1090.0 + 53.6*
1039.0 + 35.0
1044.0 + 24.3
857.1 £ 58.2
310.1 £+ 24.1%"#

IIpumevanue. Paznuuusa Mexay caeyOIIMMY IPyIIIaMU CTAaTUCTUYECKU 3HAYHMBI:

* OTIMYKE OT KOHTPOJIBHOH Ipymnis! (p < 0.05);
° ortmuue ot rpymnsl «enapun» (p < 0.05);
+ OTJIMYME OT TPYIIBI «ATaHOI» (P < 0.05);

" omtnuue ot rpymmbl «[IpotamuH cysibdatr — 3TaHom» (p < 0.05);

# ominuue ot rpyninsl «enapus — ata"oi» (p < 0.05).

Note. The differences between the following groups are statistically significant:

* difference from the control group (p < 0.05);
¢ difference from the Heparin group (p < 0.05);
+ difference from the Ethanol group (p < 0.05);

~ difference from the Protamine sulfate — Ethanol group (p < 0.05);

# difference from the Heparin — Ethanol group (p < 0.05).
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CTH B OOpaTHOH peakIUH B ITUTOILUIA3MAaTHUYECKOU
¢paknuu mexay rpynnod «I'emapuH — 3TaHON» U
KOHTPOJIbHOI He 00Hapy»KeHo (cM. TabiI. 2).

Kpome Toro, mpesnBaputesbHOE BBEIEHUE KU-
BOTHBIM TernapuHa B o3e 250 ME/xr npuBoauio k
coxXpaHeHHUI0 OoJiee BHICOKUX 3HAUEHUN aKTUBHOCTH
JIAT B oOpaTHOU peaknyu B MUTOXOHAPUAIBHOU U
[UTOIIA3MATUYECKOH (DPAKIUAX KIIETOK IE€YEHU
KPpBbIC B TpyIIe «[emapuH — 3TaHOJI» TI0 CPAaBHEHHIO
¢ TPYIIIIOH, KOTOPOH BBOAWJICS ATaHOJ. B MUTOXOH-
JIpUaIbHON (paKIUU MoKasaresb aktupHOcTH JIJ[T
OBLT TOCTOBEPHO BBIIIIE JAHHBIX TPYIIIBI « DTAHOJI» B
1.2 pasa (cM. TabJI. 1), B IUTOIIa3MaTHUECKOH (ppak-
[IMH — JIOCTOBEPHO BBIIIIE JIAHHBIX TPYIITBI « DTAHOJI»
B 1.4 pasa (cm. Tabi1. 2).

CrerytouM 3TaroM UCCIIEIOBAHUH CTAJIO U3Y-
YeHHe POJIU SH/IOTEHHOTO TelapruHa B 3alllUTe Opra-
HHU3Ma OT HK30TE€HHOTO 3TaHOJa. [[J11 3TOT0 KphIcaM
BBOJIJICS STAHOJI Yepe3 10 MUH II0CJie BHYTPUOPIO-
ITMHHOTO BBEJIEHUS aHTAarOHHCTA relapyuHa — Ipo-
TaMUH cyJibdaTa B /103€ 10 MI/KT. BHyTpUOpIOIITHH-
HOe BBeZIEHHE KPbhICAM JTAHOJIA IIPU IIPEBAPUTEb-
HOM CBSI3BIBAaHUH YH/IOTEHHOTO rellaprHa IPOTaMUH
cybGhaToOM MPUBOAWIO K CHUKEHUIO JIAKTAT/IErH-
JIPOTEHA3HOM AaKTUBHOCTH B MHUTOXOH/IPUAIBHOU
(pakyu KIETOK IeYeHu 0 CPAaBHEHUIO C TPYIIIION
«3rtanoin». Tak, B 9TOH IpyIIe akTUBHOCTD (pepMeH-
Ta B IIPSIMOU PEaKIIUH COCTaBUIa 523.0 + 24.6 HMOJIb/
MHH Ha 1 Mr 6eJIKa, 4TO JIOCTOBEPHO HUKE JAHHBIX
TPYIIbl «JTAaHOJI» B 1.4 pa3a; B OOpaTHOH peak-
mmu — 617.6 £ 44.2 HMOJIb/MHUH Ha 1 MT 0€JIKa, 4TO
TaK?Ke JIOCTOBEPHO HIDKE 110 CPABHEHUIO C TPYIIION
«3drtaHos» B 1.8 pasa (cm. TabJ1. 1). /IOCTOBEPHBIX OT-
JINYUH 10 aKTUBHOCTU (PePMEHTA B I[UTOIIA3MATH-
yecKoU (ppakiuu MexJIy TpymnmnaMu «JTaHOI» U
«IIpoTamuH cynbdar — BTaHOI» OOHAPY:KEHO He
65110 (M. TabI. 2).

Kpome TOrO, BBEZIEHHME KpbICAM 3TAHOJIA IIPHU
JIEICTBUU MPOTAMUH CyJIb(daTa IPUBOIUIIO K ITOBBI-
mennio aktuBHOcTU JIJII' B MHUTOXOHAPHATBHOU U
[ATOIIa3MATUUECKON (DPAKIUSIX KIIETOK ITEYEHH T10
CPaBHEHHUIO C TPYTIION KOHTPOJIA. B MUTOXOHTpHAB-
HOH (bpaKIyy aKTUBHOCTD (hepMeHTa B IPSIMOH peak-
¥ ObLIA JJOCTOBEPHO BBIIIIE JAHHBIX KOHTPOJIHHOU
TPYIIIBI B 1.3 pa3a; B 00paTHOU peakIuy — B 1.2 pa3a
(cM. Tabu1. 1). B muTOIIa3MaTHYECKOH (hpaKIUU Kile-
TOK Tle4eHU akTHBHOCTH JI/I' B mpsAMON peaknuu
ObLyIa IOCTOBEPHO BBIIIE [0 CPABHEHHIO C TPYIIION
KOHTpOJISA B 2 pasa (cum. TabJr. 2).

JlaIbHEeHIINN 3Tall NCCIEe0BAHNI BKJIIOUAT SKC-
MEPUMEHT, TIPU KOTOPOM KpPBICAM IPEIBAPUTETHHO
BHYTPUOPIOIIMHHO BBOJAWJICA MPOTAMHUH CyIb(aT B
JIo3e 10 MI/KT, 3aTeM Uepe3 10 MUH TaKKe BHYTPUOPIO-
IIIUHHO — TemapuH B 03e 250 ME/KT, a elie yepes

In addition, preliminary administration of
heparin to animals at a dose of 250 IU/kg led to
the preservation of higher values of LDH activity
in the reverse reaction in the mitochondrial and
cytoplasmic fractions of rat liver cells in the Hepa-
rin — Ethanol group compared to the Ethanol
group. In the mitochondrial fraction, the LDH ac-
tivity index was significantly higher than the data
of the Ethanol group by 1.2 times (see Table 1), in
the cytoplasmic fraction — significantly higher
than the data of the Ethanol group by 1.4 times
(see Table 2).

The next stage of research was the study of the
endogenous heparin role in protecting the body
from exogenous ethanol. For this purpose, the rats
were injected with ethanol 10 min after the intra-
peritoneal injection of the heparin antagonist —
protamine sulfate at a dose of 10 mg/kg. Intraperi-
toneal administration of ethanol to rats with pre-
liminary binding of endogenous heparin to prot-
amine sulfate led to a decrease in lactate dehydro-
genase activity in the mitochondrial fraction of liver
cells compared to the Ethanol group. Thus, in this
group, the enzyme activity in the direct reaction
was 523.0 + 24.6 nmol/min per 1 mg of protein,
which is 1.4 times lower than in the Ethanol group;
in the reverse reaction — 617.6 + 44.2 nmol/min per
1 mg of protein, which is also significantly lower in
comparison with the Ethanol group by 1.8 times
(see Table 1). There were no significant differences
in enzyme activity in the cytoplasmic fraction be-
tween the Ethanol and Protamine sulfate — Etha-
nol groups (see Table 2).

In addition, the administration of ethanol to
rats under the action of protamine sulfate led to an
increase in LDH activity in the mitochondrial and
cytoplasmic fractions of liver cells compared to the
control group. In the mitochondrial fraction, the
enzyme activity in the direct reaction was signifi-
cantly higher than that of the control group by
1.3 times; in the reverse reaction — by 1.2 times (see
Table 1). In the cytoplasmic fraction of liver cells,
the LDH activity in the direct reaction was signifi-
cantly higher than in the control group by 2 times
(see Table 2).

The next stage of the study included an experi-
ment in which rats were preliminarily intraperito-
neally injected with protamine sulfate at a dose of
10 mg/kg, then after 10 min also intraperitoneal-
ly — heparin at a dose of 250 IU/kg, and after an-
other 10 min — ethanol at a dose of 4.5 mg/kg. The
assessment of lactate dehydrogenase activity in this
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10 MUH — 3TaHOJI B I03€ 4.5 MT/Kr. OTnpesiesieHue JIak-
TaT/IErH/IPOTeHa3HON aKTUBHOCTH B JIAHHON CEPUH T10-
Kazajio, 9YTO OHA B MUTOXOH[PUAJILHOU (DPAKITUH KJTe-
TOK TIeueHH ObLIa BBIIIE, a B [IUTOILIA3MATUIECKON —
HIDKE 10 CPaBHEHHIO ¢ Tpynmnod «IIporamMuH cyib-
¢ar — sTaHONI». B MUTOXOHAPUAIBHON (PpaKIUU aK-
TUBHOCTb (hepMEHTa B IPSMON PEAKIMH COCTABHJIA
670.6 £ 37.1 HMOJIb/MHH Ha 1 MT GeJIKa, YTO I0CTOBEP-
HO BBIIIIE TI0 CPABHEHUIO C TPyIIon «[IpotaMuH cysib-
dar — sTaHON» B 1.3 pasa; B 0OpaTHOU peaKIu —
1758.0 + 69.9 HMOJIbB/MUH Ha 1 MT OeJIKa, UTO TaK:Ke
JTOCTOBEPHO BBIIIIE JAHHBIX IPYIIbI «[I[poTaMuH Cyib-
dat — sraHoI» B 2.8 pasa (cM. Tabu1. 1). B nuroruiazma-
TUYECKOU (DPAKIMH KJIETOK M€YeHN aKTUBHOCTD (ep-
MeHTa B MpsSAMOU peakIuyd CcocTaBWaa 1213.0 =+
+ 53.2 HMOJIb/MHUH Ha 1 MTI' OeJIKa, YTO JIOCTOBEPHO
HIDKE TI0 CpPaBHEHHIO ¢ Tpynmnod «IIporamuH cyiib-
daT — sTaHO» B 1.1 pasza; B 0OpaTHOH peaKIuu —
319.1£24.1 HMOJIb/MHH Ha 1 MT 06€JIKa, YTO JIOCTOBEPHO
HIDKE JAHHBIX Tpymmbl «IIpotaMuH cyiabbaT — 3Ta-
HOJI» B 2.7 paza (cMm. Tab1. 2).

HocroBepHble oTianuusa aktuBHoctu JIJAI' B
rpyrie «IIporamuH cyiabdaT — rermapuH — 3TaHO»
OT TPYIIIBI «DTAaHOJI» HAOJIIOIATHUCh TOJIBKO B 0OpaT-
HOU peaknuy B CyOKJIETOUHBIX (BpaKIUAX. B MuTo-
XOH/IPHAJIBHOU (paKIMu aKTUBHOCTH (epMeHTa
OblIa JIOCTOBEPHO BHINIE B 1.5 pasa (cM. Tabi. 1), B
[IUTOIIA3MATHYECKONU — JIOCTOBEPHO HUKE JAHHBIX
TPYIIBI «DTaHOJ» B 2.5 pa3a (cM. TabJL. 2).

[IpenBapuTeibHOE BBEIEHHE TellapuHa U MPO-
TaMUH cyJibdaTa B HAIIUX OIBbITaX ¢ 3TAHOJIOM JIO-
CTOBEPHO M3MEHAJI0 akKTUBHOCTH JI/II' B MUTOXOH-
JIPUAJIPHON U IIUTOILJIA3MaTHIECKOU (DPAKITUIX KTe-
TOK IIeYeHH KPbIC. B CBSA3U ¢ 3THUM BO3HUKAET BOIIPOC:
He MOTYT JIM TellapuH U MPOTaMUH CyJabdaT caMmo-
CTOSITEJTHHO OKa3bIBaTh BJIUSIHUE Ha aKTUBHOCTH HC-
caenyeMbIX (pepmeHTOB? /{15 OTBEeTa HA IAHHBIN BO-
Ipoc HaMu OBLIO TPOBEIEHO UCCIIe0BaHEe hepMeH-
TaTUBHOW aKTUBHOCTH B MUTOXOH/IPUATIFHOU U IU-
TOILJIA3MATUYECKON (DPAKIUAX KJIETOK MEYEeHU JIBYX
TPYIII KPbIC, OTHON M3 KOTOPHIX BBOJWJIN rellapUH B
nose 250 ME/kr, a apyroit — nmporamuH cyiabdar B
Jto3e 10 Mr/Kr. JIocTOBEpHBIX U3MEHEHUN aKTUBHO-
cTu JIAKTAT/IETHAPOreHa3bl He BBISBJIEHO
(cMm. Tabi. 1, 2).

HcenenoBanue BIUSHUS STaHOJA, TelapuHa U
MpoTaMuH cysibdara HA U3MEHEHHE AaKTHBHOCTH
JI/IT' B MUTOXOHAPUATBHOUA M IIUTOTLJIA3MaTUIECKON
(pakIusIX KJIETOK IMEeYEeHH KPBIC BBISIBIJIO CJIEAYIO-
e 3aKOHOMEPHOCTH PETrYJIATOPHOTO JEHCTBUSA
JIAaHHBIX BellecTB. I'emapuH, MpOoTaMUH cyabdar, a
TaK:Ke COBMECTHOE MX BBEJIEHIE He BHI3bIBAIN U3Me-
HeHUU akTuBHOCTH JI/I[' B MUTOXOH/IpUATLHON U ITH-
TOILUTa3MATHUUECKOU (QPPAKITUSIX KIETOK ITEUeHU.

series showed that it was higher in the mitochon-
drial fraction of liver cells, and lower in the cyto-
plasmic fraction compared to the Protamine sul-
fate — Ethanol group. In the mitochondrial frac-
tion, the enzyme activity in the direct reaction was
670.6 + 37.1 nmol/min per 1 mg of protein, which is
significantly higher than in the Protamine sul-
fate — Ethanol group by 1.3 times; in the reverse
reaction — 1758.0 + 69.9 nmol/min per 1 mg of pro-
tein, which is also significantly higher than in the
Protamine sulfate — Ethanol group by 2.8 times
(see Table 1). In the cytoplasmic fraction of liver
cells, the enzyme activity in the direct reaction was
1213.0 £ 53.2 nmol/min per 1 mg of protein, which
is significantly lower than in the Protamine sul-
fate — Ethanol group by 1.1 times; in the reverse
reaction — 319.1 + 24.1 nmol/min per 1 mg of pro-
tein, which is significantly lower than in the Prot-
amine sulfate — Ethanol group by 2.7 times (see
Table 2).

Significant differences in LDH activity in the
Protamine sulfate — Heparin — Ethanol group
from the Ethanol group were observed only in the
reverse reaction in subcellular fractions. In the mi-
tochondrial fraction, the enzyme activity was sig-
nificantly higher by 1.5 times (see Table 1), in the
cytoplasmic fraction, it was significantly lower than
the data of the Ethanol group by 2.5 times (see
Table 2).

Prior administration of heparin and protamine
sulfate in our experiments with ethanol significant-
ly changed the LDH activity in the mitochondrial
and cytoplasmic fractions of rat liver cells. This
raises the question: can heparin and protamine
sulfate independently affect the activity of the stud-
ied enzymes? To answer this question, we evaluated
the enzymatic activity in the mitochondrial and cy-
toplasmic fractions of liver cells of two groups of
rats, one of which was injected with heparin at a
dose of 250 IU/kg, and the other — protamine sul-
fate at a dose of 10 mg/kg. No significant changes in
the activity of lactate dehydrogenase were found
(see Tables 1, 2).

The study of the effect of ethanol, heparin, and
protamine sulfate on the LDH activity level in the
mitochondrial and cytoplasmic fractions of rat liv-
er cells revealed the following patterns of the regu-
latory action of these substances. Heparin, prot-
amine sulfate, and their combined administration
did not cause changes in the LDH activity in the
mitochondrial and cytoplasmic fractions of liver
cells.
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Hawubosiee cribHBlE W3MEHEHUS AaKTUBHOCTU
JIAT B npsAMOU peakyuu B MHTOXOHIPHUAIBHOU
dpaxiuu HabTIOKATICH TPU BBEZEHUHU STAHOJIA U CO-
BMECTHOM JIEHICTBUH IIPOTAMUH CyJIbdaTa, rermapuHa
1 5TaHOJIA: B 3TOM CJIyyae OHA Bo3pacTasa IIo cpaBHe-
HUIO C TPYIIION KOHTPOJIA B 1.7 U 1.6 pa3a coOTBeT-
CTBEHHO. B 06paTHOU peakIuu akKTUBHOCTb (hepMeH-
Ta HanboJsiee CHJIBHO M3MEHSJIACH IIPU COBMECTHOM
JlelCTBUM IIPOTAMUH cyJibdara, rerapruHa U 9TaHOJIA:
B BTOM CJIydae ee II0Ka3aTesIl BO3PacTaId B 3.5 pas3a
10 CPAaBHEHUIO C KOHTPOJIBHOH IPyIIno (cM. Tabur. 1).

Takke W3MEHSITUCh IIOKA3aTeJIM AKTUBHOCTH
JIAT B muToIIa3MaTudecKol (Qpakiuu KIETOK Iie-
YeHU TOJ] AeficTBUeM 3TaHOJA, TellapuHa U IIpoTa-
MuH cyiabdara. Haubospiiine n3meHeHUs aKTHBHO-
ctu depMeHTa B IPAMON peaknuu HabJII0AINCh
[P COBMECTHOM BBE/IEHUH IIPOTaMUH cysabdara u
STaHOJIAa — OHA BO3pacTaja B 2 pa3a; B 00paTHOH pe-
aknuu aktuBHOCTD JI/IT' cHM>Kaach B 3 pasa Ipu co-
BMECTHOM JIeHiCTBUY IPOTaMUH cyJibdaTa, remapuHa
u sTaHos1a (cM. TabJr. 2).

Takum o6pa3oM, 5TaHOJI, TeaPUH U IIPOTAMIH
cysbdar, a TakKe COBMECTHOE UX BBEJIEHHE CIIOCO0-
HO peryJimpoBaTh akTUBHOCTH JI/II' B MUTOXOHIpU-
JIPHOU U IUTOIIA3MAaTHIECKOU (PaKIUAX KIIETOK
IleYeH! KPBIC.

Kak n3BecTHO, OKHCIIEHHE STAHOJIA OCYIIECTBIIS-
eTCs IPENMYIIEeCTBEHHO B [T€UEHU, I7Ie MeTab0Iu3u-
pyeTcs 710 95 % BBEIEHHOTO B OPTaHU3M aJIKOTOJIA,
YTO MPUBOJIUT K U3MEHEHUSIM B (hePMEHTHBIX CHCTe-
Max 3Toro oprasa [13]. [Touck BelecTs, B TOM YUCIe
U 5HJIOT€HHOH IIPUPOIBI, CIIOCOOHBIX HUBEJINPOBATH
TOKCHUecKHe 3 PEKTHI OOJIBIIIX 103 dTAHOJIA, SBJIS-
eTCsI OJTHUM U3 BaXKHBIX HATIPABJIEHUHN B HAPKOJIOTHH
[14]. OtHUM 13 BO3MOXKHBIX KaH/IUIATOB HA 3Ty POJIb
sipyisiercs rermapuH. OH 00J1aflaeT IMIUPOKUM CITEK-
TPOM JIEUCTBUSA (B TOM YHCJIE CBSA3bIBAET U MHAKTHU-
BUPYET TOKCHUHBI) U UTPAET HEMAJIOBAXKHYIO POJIb B
MO/I/Iep;KaHu Y TOMEOCTa3a OpraHuama [15].

BBeneHue 60IBIIOTO KOJIMYECTBA STAHOJIA BBI-
3bIBaeT 3aIlyCK CTPECCOPHON peakmuu [16], KOTO-
pas CONMPOBOXKAAETCS YBEJIMUEeHUEM BBICBOOONK/IE-
HUSA renapuHa U3 TYYHBIX KJIeTOK. VHAeKe ux Ha-
CBIIIEHHU TellapUHOM CHUXKAeTcs B 4 pasa; Mpouc-
XOJAT U3MEHEHUs] B MUKPOUUPKYJISAINNA BHYTPEH-
HHUX OPTaHoB [17].

Hccnenosanue aktuBHOCTH JIJII' B MUTOXOHZpU-
QIPHOU W THTOIUIA3MATHYECKON (DPAKIUAX KIIETOK
[IeYeHN Y MHTAKTHBIX >KUBOTHBIX ITOKA3aJI0, UTO B JIAH-
HBIX (PpaKIMAX CKOPOCTH OOPATHOH peakIiy pepMeH-
Ta BBIIIIE CKOPOCTU MPSIMOM PEAKIIUU, T. €. CKOPOCTh
00pas3oBaHMUS MUPYBATA BBIIIIE CKOPOCTH OOPA30BaHUs
J1akTara. JIakTaT Kak UCTOYHMK ITUpyBaTa BaXKeH IpU
HOPMAJILHOU JKU3HEAEATEeIbHOCTH OpraHuaMa. Ero

The strongest changes in LDH activity in the
direct reaction in the mitochondrial fraction was
observed with the administration of ethanol and
the combined action of protamine sulfate, hepa-
rin, and ethanol: in this case, it increased in com-
parison with the control group by 1.7 and 1.6 times
respectively. In the reverse reaction, the activity
of the enzyme changed most strongly when prot-
amine sulfate, heparin, and ethanol were com-
bined: in this case, its parameters increased by
3.5 times compared to the control group (see
Table 1).

Parameters of LDH activity in the cytoplas-
mic fraction of liver cells also changed under the
influence of ethanol, heparin, and protamine sul-
fate. The greatest changes in the activity of the en-
zyme in the direct reaction were observed with the
combined action of protamine sulfate and etha-
nol — it increased by 2 times; in the reverse reac-
tion, the LDH activity decreased by 3 times under
the combined action of the above substances (see
Table 2).

Thus, ethanol, heparin, and protamine sulfate,
as well as their combination, are able to regulate
the LDH activity in the mitochondrial and cyto-
plasmic fractions of rat liver cells.

It is known that ethanol is oxidized mainly in
the liver, where up to 95% of alcohol introduced into
the body is metabolized, which leads to changes in
the enzyme systems of this organ [13]. The search for
substances, including those of an endogenous na-
ture, that can neutralize the toxic effects of high dos-
es of ethanol, is one of the important directions in
narcology [14]. One possible candidate for this role is
heparin. It has a wide spectrum of action (including
binding and inactivating toxins) and plays an impor-
tant role in maintaining the body’s homeostasis [15].

Large amount of ethanol triggers a stress re-
sponse [16] which is accompanied by an increase in
the release of heparin from mast cells. The index of
their saturation with heparin decreases by 4 times;
changes in the microcirculation of internal organs
ensue [17].

The study of LDH activity in the mitochondrial
and cytoplasmic fractions of liver cells in intact an-
imals showed that in these fractions the enzymatic
reverse reaction rate is higher than the direct reac-
tion rate, i.e., the rate of pyruvate formation is high-
er than the rate of lactate formation. Lactate, as a
source of pyruvate, is important for the normal
functioning of the body. Its conversion to pyruvate
and further use of the latter is a way of lactate uti-
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IIpeBpaleHNe B IUPYBaT U JAJIbHEHIIIee HCII0Ib30Ba-
HUE TIOCJIEJTHETO SBJIAIOTCA CIIOCOOOM YTHJIU3ALUN
JlakTaTta. B meueHs uepe3 KpOBb JIAKTAT MOCTYIIAET U3
KJIETOK C IMpeobsIaaroIuM aHa3pOOHBIM CITIOCOO0M
KaTaboM3Ma TUIIOKO3bl (HAIpUMEp, SPUTPOIUTOB)
WIN WHTEHCUBHO PA0OTAIOIIMX MBIIII. B meueHn B
XOJle JIAKTAT/IETUAPOTEHA3HON PeaKIny U3 JIaKTaTa
obpasyeTcsi IUPyBaT, KOTOPBIA 3aTeM BKJIIOUAETCH B
IJIIOKOHEOTeHe3, a 00pa30BaBIIasics IJTIOKO3a MOCTY-
maer B KpoBb. YacTh mmpyBara, 0Opa30BaHHOTO U3
JlaKTara, okucisercs nedenbro 10 CO, u H O [4].

B Hamem ucciieZJoBaHUY BBeJIEHUE STAHOJIA BbI-
3bIBAJI0O B ITUTOIUIA3MATUYECKON (pakuuu pe3Koe
yBesnueHne aktuBHocTy JI/IT' B IpAMON peaknuu u
ee CHIDKEHUIO B 0OpPaTHOM, UTO CBHU/IETEILCTBYET O
CMEIIeHIN PAaBHOBECHS B CTOPOHY 00pa30BaAHUA JIAK-
Tara. JTAHOJ yTHETAeT IVIIOKOHEOTeHe3 B IeUeHU
[18]. OToT 3(pdeKT cBsIZaH CO CMEHOH OKUCTUTETHHO-
BOCCTAaHOBUTEJIBHBIX ITPOIIECCOB, BO3PACTAHUEM CO-
ornomenuit HA/TH/HAJI u stakTaT/nupysar.

Wcxops u3 TaHHBIX, TOJIyYeHHBIX HAMU B DKCIIE-
PUMEeHTaX U IPEeZCTAaBJIEHHBIX B JIUTEPATYPE, MOKHO
COCTaBUTD CJIEIYIOMIYIO TUIIOTETHYECKYIO CXeMY JieH-
CTBUISI HK30T€HHOTO 9TaHOoJIA B opranu3me. OCHOBHAs
€r0 YacTh OKHCJISETCS B IEYEHU JI0 alleTasIb/IeTH/Ia,
KOTOPBIH BIIOCJIEICTBUYU OKHCIIUTCSA JI0 alleTaTra U Ha-
mpaBuTcs B Uk Kpebca. AKTUBHOE OKHCIEHHe 9Ta-
HOJIa TIPUBOJIUT K yBeJIMUeHHIo oTHomrennss HAJTH/
HAJI, uto 3aMe/jifieT peakluio OKUCJIEHUs JIAaKTaTa,
VBEJIMUMBAETCSI COOTHOIIIEHUE JIAKTAT/IUPYBAT U
CHIDKAETCST CKOPOCTh TJTIOKOHEOTeHe3a. B KpoBu BO3-
pacTaeT KOHIIEHTpAIys JIAKTATa, 5TO IPUBOJIUT K JIAK-
Toaruzo3y [18]. HapyireHue cTpyKTypbl MeMOpaH
MHUTOXOH/IPHH, BRI3BAHHOE MEMOPAHOTPOITHBIM JIEH-
CTBHEM STHJIOBOTO CIIMPTA U IOBPEXK/IAIOIIUM Jiei-
CTBHIEM alleTaIbJIeTHIa HA MeMOpAaHbI, TPUBOJUT K
CHIDKEHUIO KOJIMYECTBA MEMOPAHOCBA3AHHBIX (HOPM
(epMeHTOB, B pe3ysibTaTe Yero MOBBINIAETCA UX aK-
TUBHOCTb, a 3(PHEKTUBHOCTb pabOTHI CHIKAETCsA [19].

B MUTOXOHJIpHATLHON M ITUTOILIa3MATHIECKOUN
dpakuax aktuBHOCTD JI/IT' B IpsAAMOM peakIiuu CHU-
JKaJ1ach, a B 00paTHOM — yBeJIMUUBAIAChH, UTO CBHU/IE-
TEJILCTBYET O CHIIKEHUU COOTHOIIEHHUS JIAKTAT/IIH-
pyBaT U IPEUMYIIIECTBEHHOM CMeIlleHUH DAaBHOBECH S
(epMeHTaTUBHOU PEaAKIUU B CTOPOHY 00pa30BaHUS
[IUpyBaTa, T. €. B CTOPOHY YCHUJIEHUS a3pPOOHOTO TJIH-
KOJIN3a, TOCKOJIbKY IOHMKEHWEe aKTUBHOCTU dep-
MEHTa MPUBOAUT K YCWJIEHHIO JIBIXaHUS MHUTOXOH-
JIpui [20]. BuauMo, 3TO CBS3aHO €O CITIOCOOHOCTHIO
rernapuHa o6pa3oBbIBaTh KOMILJIEKCHI ¢ (hepMeHTaMU
U PEeryJIATOPHBIMU COEAMHEHUSMU, a TaKXKe CTabu-
JINBUPOBATh MEMOpPaHbl MUTOXOHJIpUH [21, 22].

3amuTHAas posib TellapuHa MPO/IeMOHCTPUPOBA-
Ha B OIBITAX C POTAMUH CYJIbMATOM Kak Haubosee

lizing. Lactate enters the liver through the blood
from cells with a predominantly anaerobic way of
glucose catabolism (e.g. erythrocytes) or intensely
working muscles. In the liver, during the lactate de-
hydrogenase reaction pyruvate is formed from lac-
tate and is then included in gluconeogenesis, while
the resulting glucose enters the blood. Part of the
pyruvate formed from lactate is oxidized by the liv-
er to CO, and H,0 [4].

In our study, in the cytoplasmic fraction the in-
troduction of ethanol caused a sharp increase in
LDH activity in the direct reaction and its decrease
in the reverse, which indicates a shift in equilibri-
um towards the formation of lactate. Ethanol sup-
presses gluconeogenesis in the liver [18]. This effect
is associated with a shift in oxidation-reduction
processes, and increase in the NADH/NAD and lac-
tate/pyruvate ratios.

Based on the data obtained by us in experi-
ments and presented in the literature, it is possible
to draw up the following hypothetical scheme for
the action of exogenous ethanol in the body. Most
of it is oxidized in the liver to acetaldehyde which is
subsequently oxidized to acetate and directed to
the Krebs cycle. The active oxidation of ethanol
leads to an increase in the NADH/NAD ratio, which
slows down the lactate oxidation reaction, the lac-
tate/pyruvate ratio increases, and the rate of gluco-
neogenesis decreases. The concentration of lactate
in the blood increases, which leads to lactic acido-
sis [18]. Damage to the mitochondrial membranes
structure caused by membranotropic effect of ethyl
alcohol and damaging effect of acetaldehyde leads
to a decrease in the number of membrane-bound
forms of enzymes, as a result activity of the latter
rises, while the efficiency of their work de-
creases [19].

In the mitochondrial and cytoplasmic frac-
tions, the LDH activity in the direct reaction de-
creased, and in the reverse reaction increased,
which indicates an elevated lactate/pyruvate ratio
and a predominant shift in the equilibrium of the
enzymatic reaction towards the formation of py-
ruvate, i.e., towards an aerobic glycolysis, since
the decrease in activity enzyme leads to up-regu-
lation of mitochondrial respiration [20]. Appar-
ently, this is due to the ability of heparin to form
complexes with enzymes and regulatory com-
pounds, as well as to stabilize mitochondrial
membranes [21, 22].

The protective role of heparin was demonstrat-
ed in experiments with protamine sulfate as it’s cur-
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pacupocTpaHeHHBIM B HACTOsAIIIee BPeMs ero aHTaro-
HHUCTOM. B OCHOBe MeXaHW3Ma aHTUTEIAPUHOBOTO
JIeUCTBHS OEJIKOB IIPOTAMHUHOB JIEKUT SIBJIEHUE KOM-
IJIeKCO0OPa30BaHMUs, TAK KaK IPOTAMUHBI ABJIAIOTCS
HOCHUTEJIAMU CBOOOZIHBIX aMUHOTPYIII, C KOTOPBIMU
cybGOTPYIIIBI TeapiuHa aKTUBHO B3aUMOJIEHCTBY-
ot [23]. [TokazaHo, YTO BHYTPUOPIOIIMHHOE BBEZE-
HUe IPOTaMUH CyJibdaTa B 103€ 10 MI'/KTI THAKTHUBU-
PYyeT SHIOTEHHBIN IrellapyH Y KphIC [15].
VHaKTHBaIMs SHIOTEHHOTO TellapUHA IIPOTAMUH
cysbdaToM BeZIET K U3MEHEHHAM B PaboTe ucciie/tye-
MBbIX (hePMEHTATUBHBIX CUCTEM. B MUTOXOHIPHATHHOM
dpakiuu akrusHOCTh JI/IT' Bo3pacrasa, OHAKO B TO-
pasio MeHbIIIEH CTENeHH, YeM B TPYIIIIE, KOTOPOM BBO-
nucst 9TaHos. CBA3BIBAaHUE SHIOTEHHOTO TelaprHa
IIPUBOZUT K TOMY, UTO aKTUBHOCTb ()epMEHTOB He MO-
>KeT BO3PACTH B CTEIIEHH, I0CTATOUHOM /7151 HUBEJINPO-
BaHUS TOKCUUECKUX 3(PDHEKTOB SK30T€HHOTO STAaHOJIA.
B nuromnazmarudeckoil ¢dpakuuu akTuBHOCTH JIAT
Pe3Ko Bo3pacTasia B IPsIMOU PeaKIIUU, UYTO CBUETETb-
cTByeT 00 aKTUBHOM OOpa3oBaHuM JIakTaTa. Takum 00-
pasoM, CBA3BIBAHME SHAOTEHHOTO TellaphHa IIpoTa-
MUH Cy/Ib(aTOM IMPUBOJUT K YCUJIEHUIO TOKCHUECKIX
5(pdeKTOB, BBHIZBBAHHBIX HHBEKIHEH OOJIBIION 1035
ataHoJa. [To-BuanMOMYy, TellapiH B HOPMaJIbHBIX (Pu-
3MOJIOTHYECKIX YCJIOBHUSX CIIOCOOEH BBITIOTHATH B Op-
TaHU3Me POJIb SH/IOTEHHOTO AHTU/I0TA TOKCUHOB.

3AKIIOYEHUNE

B pesysnpraTe NpPOBEZIEHHBIX SKCIEPUMEHTOB
IIOKa3aHO, YTO BHYTPUOPIOIIIMHHOE BBE/I€HIE DTAHO-
Jia B 7103€ 4.5 T/KT IPUBOJUT K MOBBIIIEHUIO aKTHUB-
HOCTH JIAKTAT/AETUAPOTeHA3bI KJIETOK IIEUeHH KPBIC B
MPSIMOU PEAKITUH B CYOKJIETOUHBIX (DpaKIusax. B mu-
TOIUTA3MaTHYECKOH (paknyuy aKTUBHOCTH JIAKTAT-
JIETUIPOTe€HAa3bl B OOPaTHOW pEaKIMH CHHIKAJIACH.
[TpenBapuTebHOE BBE/IEHNE JKUBOTHBIM rellapruHa B
nmo3e 250 ME/kr wactuuyHO TOpMO3UT 3(PHEKTHI BHY-
TPUOPIOMIMHHOTO BBEJIEHUS DTAHOJIA, UTO BBIpaXKa-
eTCs B CHIDKEHUU aKTHUBHOCTU JIAKTATAETUPOreHa-
3bI KJIETOK II€YEHH KPBIC B IPSAMOU pEaKIuH B CyO-
KJIETOUHBIX ¢paknuax. CBA3bIBaHUE 35HJIOT€HHOTO
remapuHa MPOTAaMHUH CyJIb(PaTOM U IOCIEIYIONee
BBeJIEHHE 9TAHOJIA IPUBOJIUT K YBEJTUUEHUIO aKTHB-
HOCTH JIAKTAT/IETHIPOTEHA3bI B MUTOXOHPUATIBHOMN
(paknum; KIETOK eueHu Kpbic. BBeeHne remapuna
B 7103e 250 ME/KT pu peBapuTeIbHOM CBS3bIBA-
HUM 3H/IOTEHHOT0 relapuHa IPOTaMUH Cy1bdaToM
YACTUYHO CHIDKAET TOKCUYecKui s dexT BHyTpHU-
OPIOIIIMHHOTO BBEJIEHUS 3TAHOJIA B JTO3€ 4.5 T/KT, UTO
BBIPAKAETCS B BO3PACTAHUU AKTUBHOCTH HCCIIEye-
MbIX (DEPMEHTOB B OOpPaTHON pPEaKIMU B MHUTOXOH-
JPUAJIBHON (PpaKIMM KJIETOK ITeYeHU KPBIC U CHU-
JKEHUU aKTHUBHOCTU JIAKTATAETHUpOreHassl B Ips-
MOU peakI[Uy B IUTOILIa3MaTUIEeCKOH (hpaKIiuu.

rently most widespread antagonist. The mechanism
of the anti heparin action of protamine proteins is
based on the phenomenon of complexation, since
protamines are carriers of free amino groups, with
which the sulfo groups of heparin actively interact
[23]. It has been shown that the intraperitoneal in-
jection of protamine sulfate at a dose of 10 mg/kg
inactivates endogenous heparin in rats [15].

Inactivation of endogenous heparin with pro-
tamine sulfate results in changes of the studied enzy-
matic systems functioning. In the mitochondrial frac-
tion, the LDH activity increased, however, to a much
lesser extent than in the Ethanol group. The binding
of endogenous heparin leads to the fact that the activ-
ity of enzymes cannot increase to an extent sufficient
to neutralize the toxic effects of exogenous ethanol. In
the cytoplasmic fraction, the LDH activity increased
sharply in direct reaction, which indicates active for-
mation of lactate. Thus, binding of endogenous hepa-
rin with protamine sulfate leads to an enhancement
in toxic effects caused by injection of a large dose of
ethanol. Apparently, under normal physiological con-
ditions, heparin is able to perform the role of an en-
dogenous antidote to toxins in the body.

CONCLUSION

As aresult of the experiments, it was shown that
the intraperitoneal administration of ethanol at a
dose of 4.5 g/kg leads to an increase in the activity of
lactate dehydrogenase in rat liver cells in a direct re-
action in subcellular fractions. In the cytoplasmic
fraction, the activity of lactate dehydrogenase in the
reverse reaction decreased. Preliminary administra-
tion of heparin to animals at a dose of 250 1U/kg
partially inhibits the effects of intraperitoneal ad-
ministration of ethanol, which is expressed in a de-
crease in the activity of lactate dehydrogenase in rat
liver cells in a direct reaction in subcellular frac-
tions. The binding of endogenous heparin to prot-
amine sulfate and the subsequent introduction of
ethanol leads to an increase in the activity of lactate
dehydrogenase in the mitochondrial fraction of rat
liver cells. The introduction of heparin at a dose of
250 1U/kg with preliminary binding of endogenous
heparin with protamine sulfate partially reduces the
toxic effect of intraperitoneal administration of etha-
nol at a dose of 4.5 g/kg, which is expressed in an
increase in the activity of the studied enzymes in the
reverse reaction in the mitochondrial fraction of rat
liver cells and a decrease in the activity of lactate de-
hydrogenase in direct reaction in the cytoplasmic
fraction.
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AHHOTAIIUA

OcTtpoe oTpaBJieHHEe NCUXOAUCIENITHUKAMU COMPOBOXK/AETCS aKTUBHU3AIMEeH aHA9POOHBIX IPOIECCOB, PA3BUTHEM
THIIOKCHH, PabIOMHOIII3a U BOCIAINTEIHHON PEaKIIUK, YTO B KOHEYHOM UTOTE OIIPE/eIsieT BOBHUKHOBEHUE OCJIOKHE-
HU# (MIIEMUU TOJIOBHOTO MO3Ta, TUIIOTOHUH, TellaTOPEHAIBHOTO CHH/APOMA, ITHEBMOHUHU U T. /1.). C 1IeJIbI0 COBEpIIIeH-
CTBOBAHUS MHTEHCUBHOU Tepanuu OOJIbHBIX C OCTPHIM OTPaBJIEHHEM MICUXOUCIENITHKAMU IIPOBEIEHO UCCIIEIOBAaHUE, B
KOTOPOM Y4YacCTBOBAJIU 148 MAIUEHTOB C OCTPBHIM OTPABJIEHHEM IICUXOAUCIENITUKAMU. KOHTPOJIBHYIO TPYIIITY COCTaBUIIN
75 GOJIBHBIX, [IOJIYUYABUINX ODIIEIPHHATYIO TEPAIIUIO COVIACHO (e/IepabHBIM KJINHUYECKUM PeKOMeHanusim. B rpym-
Iy UCCJIEZI0BAHUSA BOILIN 73 MAI[UEHTA, KOTOPBIM JIOIOJIHUTEIHPHO HA3HAYAIN STUIMETHIITU/[POKCUIUPUANHA CYKI[H-
HaT (MEKCUI0I).

OcTpoe oTpaBJieHHEe NCUXOAUCTIENITUKAMU JaKe JIETKOH CTENEeHU COIMPOBOXKIAETCS PA3BUTHEM METabOTHUIECKUX
HapyLIeHUH, KOTOPbIe He KOPPUTUPYIOTCS CTAaHIAPTHOU Tepanyell, HeCMOTPS Ha HOPMaJIU3aI[UI0 CO3HAHUS U KyTHPOBa-
HU€e TaXUKapAuH. Jisi OCTPOro OTPABJIEHUs HCUXOJUCIIENTUKAMU CPEAHEH CTEleH! TSKECTH XapaKTePHO Pa3BUTHE
aHa’POOHBIX IIPOIIECCOB, FelTaTOPEHATBPHOTO CHH/IPOMA U BOCIIAIUTEIBHOH peaknuu. OOIIenpruHATas TePANKs He CMOT-
Jla KyIIUPOBATh B KOPOTKHE CPOKU PacCMaTPHUBAEMBbIE ITATOJIOTHYECKUE PeaKITUU. J[OMTOTHUTEIHHOE UCII0JIb30BAaHUE MEK-
CHUZI0JIa CIIOCOOCTBOBAJIO YMEHBIIIEHHUIO BBIPA’KEHHOCTH aHAPOOHBIX ITPOIECCOB U YCTPAHEHUIO METAO0IMIECKUX HAPY-
MIEHUH, YTO MTO3BOJIMJIO COKPATUTh CPOKU PeabUIUTAIUY B 3—4 pasa.

Karoueswte caosa: OTpaBJIEHUA, IICUXOAUCIECIITUKH, STUJIIMETUWITHAPOKCUIIUPpUANHA CYKIIUHAT.

ABSTRACT

Acute psychodysleptic poisoning is accompanied with the activation of anaerobic processes, development of hypoxia,
rhabdomyolysis and an inflammatory reaction, which ultimately determines the occurrence of complications (cerebral isch-
emia, hypotension, hepatorenal syndrome, pneumonia, etc.). In order to improve the intensive care of patients with acute
psychodysleptic poisoning, a study was carried out in which 148 patients with acute psychodysleptic poisoning participated.
The control group consisted of 75 patients who received conventional therapy in accordance with Federal Clinical Guidelines.
The study group included 73 patients who were additionally prescribed ethylmethylhydroxypyridine succinate (mexidol).
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Acute psychodysleptic poisoning, even mild, is accompanied by the development of metabolic disorders that cannot
be corrected by standard therapy, despite the consciousness recovery and relief of tachycardia. Acute psychodysleptic
poisoning of moderate severity is characterized by the development of anaerobic processes, hepatorenal syndrome and
inflammatory response. Conventional therapy could not stop the pathological reactions in a short time. Additional use of
mexidol contributed to a decrease in the intensity of anaerobic processes and the elimination of metabolic disorders, which
made it possible to shorten the rehabilitation period by 3—4 times.

Keywords: poisonings, psychodysleptics, ethylmethylhydroxypyridine succinate.

BBEJAEHMUNE

BosbHbIE ¢ IUarHO30M OTpaBJIeHUA HapKOTH-
KaMH U IICUXOJIUCJIENITHKAMHU JTUOO PYTUMH TICHU-
xoakTUBHBIMU BellectBamu (ITAB) B cpesiHeM co-
CTaBJIAIOT 0 20 % u 6OJiee OT YHCIIA BCEX DKC-
TPEHHO MOCTYHAIIIUX B TOKCUKOJOTHYECKUE OT-
nenenusi. CTpyKTypa OCTPBIX OTPABJIEHUU TaKUMHU
BellleCTBAMHU 110 JIaHHBIM Pa3JINUHBIX TOKCUKOJIO-
TUYeCKUX IIEHTPOB BapPbUPYET IOCTATOYHO IIUPO-
KO: OT 40 710 74 % cjiydyaeB — OTpaBJI€HU MeIuKa-
MEHTaMH{, IPEUMyIIeCTBEHHO IICUXOTPOIIHOTO
JlecTBUA, U OT 12 710 20 % — HapKOTUYECKUMU Be-
mectBaMu [1—4]. Tokcukosiornueckas CUTyanus B
r. Kpacuosipcke (no maunaeim KI'BY3 «KpacHosp-
CKas MeXpaloHHad KJIMHHYECKas 60JbHUIA CKO-
poyt mexunuHackon momomu uMm. H.C. Kaprosu-
ya» (KMKBCMII), Tak ke kak 1 B Poccuu B 1e-
JIOM, XapakTepusyeTcsi 3HAUYUTEJbHBIM KOJIHUe-
CTBOM CJIy4aeB OCTPBIX OTpaBJIeHUN JAaHHBIMU
npenaparamMu. 3a 2014—2019 IT. B OTJAeJieHUE
octpbix oTpasiennii KMKBCMII nocrynuio 1782
4yesa. ¢ guarHo3om «OcTpoe oTpaBjieHHe IICUXO-
IUCIENTHKAMU», U3 HUX Horubso 39. OTpasie-
HHs, KaK MPaBUJIO, NMPOABJISINCH HapylIeHUeM
moBesieHus (BO30YK/eHUEe, TaJLUTIONUHAIUU, Ha-
KJIOHHOCTh K CYHITU/IAJIbHBIM JIEHCTBUAM U JIp.), B
caydyasax OoJiee TAMKEJIOro TEYEHUS COIPOBOXKZA-
JIUCHh CYy[OPOKHBIMH HPUCTYIAaMU U apTepuab-
HOIi TUIIOTEeH3uelH [5, 6].

OnHO U3 pa3BUBAIOIINXCA HAIIpaBJIeHUH B CO-
BpeMEHHOU MeuIIHEe — IPUMeHEHUe JIeKapCTBEeH-
HBIX CPEJCTB, BKJIIOYAIOIINX NHTEpMeAnaThl IUKIa
Kpebca (pymapoByio U SsHTAPHYIO KHUCIOTBI), TAKHE
KaK HaTpus CYKIIMHAT, MEKCU/IOJ, TUTO(IaBUH, pe-
ambepuH. BriroueHme 5THX IIpemnapaTtoB B CXEMbI
JleyeHUs MO3BOJISIET aKTUBU3UPOBATh MeTabosinye-
CKHe IIPOIIECCHl, PEeryJUpOBaTh IUIACTUYECKUH U
sHepreTuueckuii oomMeH. Takue cxeMbl IPUMEHSIOT-
¢ B TeNaTOJIOTUH, KapAUOJOTHU U HEBPOJIOTUH
[7, 8].

HOEJDb NCCJIEJOBAHUA

OI_[eHI/ITI) BO3MOXXHOCTb ITIPDUMEHEHUA MEKCU0-
Jla B UHTEHCUBHOU TE€pannuy MMaqueHTOB C OTpaBJie-
HUEeM IICHUXOAUC/TIEIITHKAMHMU.

INTRODUCTION

Patients diagnosed with drug and psychodys-
leptic or other psychoactive substance (PAS) poiso-
ning, account for up to 20% or more of all urgently
admitted to toxicological departments on average.
The structure of acute poisonings with such sub-
stances, according to the data of various toxicologi-
cal centers, varies quite widely: from 40 to 74% of
cases — drug poisonings, mainly psychotropic, and
from 12 to 20% — narcotic substances [1—4]. The
toxicological situation in Krasnoyarsk (according
to N.S. Karpovich Krasnoyarsk Interdistrict Clini-
cal Emergency Hospital (KICEH), as well as in Rus-
sia in general, is characterized by a significant
number of cases of acute poisonings with these
drugs. During 2014—2019, 1782 individuals were
admitted to the Medical Toxicology Emergency De-
partment of KICEH diagnosed with acute psycho-
dysleptic poisoning, and 39 of them died. Poison-
ings, as a rule, manifested itself as a behavior disor-
der (agitation, hallucinations, suicidal tendencies,
etc.), in cases of a more severe course were accom-
panied by convulsive seizures and arterial hypoten-
sion [5, 6].

One of the developing directions in modern
medicine is the use of drugs that include intermedi-
ates of the Krebs cycle (fumaric and succinic acids),
such as sodium succinate, mexidol, cytoflavin, and
reamberin. The inclusion of these drugs in treatment
regimens allows you to activate metabolic processes,
regulate plastic and energy metabolism. Such
schemes are used in hepatology, cardiology, and
neurology [7, 8].

AIM OF THE RESEARCH

To assess the possibility of mexidol usage in in-
tensive care of patients with psychodysleptic poi-
soning.

MATERIALS AND METHODS

A single-center, prospective, randomized clini-
cal study was carried out, in which 148 patients were
admitted to Medical Toxicology Emergency Depart-
ment of KICEH within the period of 2016—2019 for
acute psychodysleptic poisoning. During the chemi-
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MATEPHUAJIBI 1 METO/bI

IIpoBe/ieHO OFHOIEHTPOBOE IPOCIEKTHBHOE
PaHIOMHU3UPOBAHHOE KJIWMHUYECKOE HCCJIEJIOBAHUE,
B KOTOPOM YYacCTBOBaIH 148 MAI[MEHTOB, FOCIUTA-
JIMBUPOBAHHBIX B OT/IeJIEHNE /17151 OOJIBHBIX C OCTPbI-
mu otpasineHusimu KMKBCMII B mepuosn 2016—
2019 IT. 110 ITOBO/Iy OCTPOTO OTPABJIEHUs ICUXOHC-
JIeNTHKaMH. B Xo/ie XMMHKO-TOKCHKOJIOIHYECKOIO
HCCIIEZIOBAaHUSA B OMOJIOTHYECKUX CpelaX y yIaCTHHU-
KOB HCCJI€ZIOBaHUs ObLIN BBISIBJIEHBI CIEAYIOIINE Be-
mectBa: aPVP (62 %); MDMB-FUBINACA (22 %),
MDMB-FUBINACA B coueranuu ¢ aPVP (16 %).

KOHTPOJIbHYIO TPYIIY COCTABUIH 75 OOJIBHBIX,
MOJIyYaBIINUX OOIIENPUHATYI0 TEPAIUio COTJIACHO
denepasbHBIM KIUHUYECKUM pEeKOMeHanusam [9].
ITocste TTpOBeEHUs OIEHKH CTEIEHH TSKECTH OT-
paBieHHsA C TOMOINBIO IKaabl Poisoning Severity
Score (PSS), mpemtoxenuoi H. Persson et al.; cre-
[IeHW HapyIIeH!us CO3HAHHS — [0 IIKaje KOMBI
I's1asro; Bo30Y»KieHUA U celaliiu — 1o mKaie RASS
(Richmond Agitation-Sedation scale) [10—12] B nan-
HOH rpyIiie ObUTH BbIZieJIeHbI TOATPYIIIbI: MallueH-
TBI C JIETKOU CTENEHbIO TSKECTH — 38 Uesl. u cpe-
Hell CTEIIEHBIO TSKECTH — 37 YeJl.

B ucciemyeMyio TPYIy BOLLIA 73 IHAllMeHTa
(c ;erKkoii CTeNeHbIo TSKECTH — 34 Yesl. U CpefHen
CTEIEHBIO TAXKECTH — 39 YeJl.), KOTOPHIM JIOTIOJTHHU-
TeJIbHO HazHAYaJIUd STUIMETHITHAPOKCUTHPUANHA
cykIHAT (MEKCH/I0I) 2 pa3a B MePBbIe CYTKH Tepa-
IIUH: TIPU HOCTYIUIEHUU (B IEepPBbIE 1—4 U) BHYTPHU-
BEHHO KaIleJIbHO 250 MT, Yepe3 12 U TaKKe BHYTPHU-
BEHHO KaleJabHO 250 MT (CyTouHas 1o3a — 500 MT).

MeauaHa Bo3pacTta B KOHTPOJIBHOU TPYIINE CO-
craBysia 29.1 [22.1; 35.5] roma, B HCCIIEyeMOU
rpymmne — 31.2 [24.2; 37.6] roma. B KOHTPOJIBHOM
TPYIIIIEe My?>KUMH OBbLIO 66, JKEHIITUH — 9, B HCCIIEye-
MOU MY>KUHH — 65, keHIuH — 8. Takum ob6pasom,
10 TIOJIy, BO3PACTYy W TSKECTH COCTOSHUS TPYIIIIBI
OBLIIM COIIOCTABUMEI.

UccnenoBanne meraboauToB (IJIFOKO3a, JIaK-
TaT), mapaMeTPOB KHUCIOTHO-OCHOBHOTO COCTOSIHUS
¥ Ta30BOT'O COCTaBa KPOBHU ITPOBO/IMJIM Ha allliapaTe
GEM Premier 3500 (Instrumentation Laboratory,
CIIA). Pa3BepHYTHI aHATN3 KPOBH, OOIINI aHATU3
MOYHM, OMOXMMHUYECKHE TapaMeTphl (IJIF0KO3a, Ka-
JINH, KpeaTUHUH, MOUEBHHA, acllapTaTaMUHOTPAHC-
depaza (ACT), ananunamunorpancdepasa (AJIT),
mesoyHasi ¢ocdaraza (II[P), KpeaTMHKWHA3a H
nakrataeruaporenasa (JIJI') KpoBu) onpe/iesisiyiuch
B s1abopaToprt KMKBCMIT.

XUMUKO-TOKCHKOJIOTHYECKIE  KCCJIEAOBAHUS
Moun (MMMyHOXpoMaTorpapUIecKUi aHaJIN3, TOH-
KoOCJIOMiHasA xpomaTorpadusi, Ta3oBasi XpoMarorpa-
(dusi/Mace-CrieKTpOMETPHsl, Ta303KUKOCTHAS XpO-

cal-toxicological study in bodily biological media, the
following substances were identified in the study
participants: aPVP (62%); MDMB-FUBINACA
(22%), MDMB-FUBINACA in combination with
aPVP (16%).

The control group consisted of 75 patients who
received conventional therapy according to Federal
Clinical Guidelines [9]. After assessing the severity of
poisoning using the Poisoning Severity Score (PSS)
proposed by N. Persson et al.; the degree of impair-
ment of consciousness — according to the Glasgow
Coma Scale; excitation and sedation — according to
the RASS (Richmond Agitation-Sedation Scale) [10—
12], subgroups were identified in this group: patients
with mild severity — 38 individuals and moderate se-
verity — 37 individuals.

The study group included 73 patients (with mild
severity — 34 individuals and moderate severity —
39 individuals) who were additionally prescribed
ethylmethylhydroxypyridine succinate (mexidol)
2 times on the first day of therapy: on admission (in
the first 1—4 h) with intravenous drip of 250 mg, after
12 h also intravenous drip of 250 mg (the daily
dose — 500 mg).

The median of age in the control group was 29.1
[22.1; 35.5] years, in the study group — 31.2 [24.2;
37.6] years. In the control group there were 66 men,
9 women, 65 men and 8 women in the study group.
Thus, the groups were comparable in terms of gen-
der, age and severity of the condition.

Metabolites (glucose, lactate), acid-base state
parameters, and blood gas composition were studied
using a GEM Premier 3500 Blood Gas Analyzer (In-
strumentation Laboratory, USA). A complete blood
count, common urine analysis, biochemical parame-
ters (glucose, potassium, creatinine, urea, aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), creatine kinase
and lactate dehydrogenase (LDH) in blood) were de-
termined in the KICEH’s laboratory.

Chemical-toxicological studies of urine (lateral
flow assay, thin layer immunoassay, gas chromatog-
raphy/mass spectrometry analysis, gas-liquid chro-
matography) were carried out in the Chemical and
Toxicological Department of the clinical diagnostic
laboratory of the Krasnoyarsk Regional Narcological
Dispensary No. 1.

The above indicators were studied in dynamics:
upon admission, after therapy, depending on the se-
verity, within 1—4 days of being in the hospital.

The study was approved by the Local Ethics
Committee at the Saint-Petersburg I.I. Dzhanelidze
Research Institute of Emergency Medicine (Minutes
No. 8 dated 17.10.2018).
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Marorpadus) MPOBOJMINCH B XUMHUKO-TOKCUKOJIO-
THYECKOM OT/ieJIe KIIMHUKO-/[UarHOCTHYECKOH 1abo-
paropun KI'BY3 «KpacHosipckuil KpaeBoil HapKo-
JIoTHYecKu aucrancep NQ 1».

BrimeykasaHHbIe IOKa3aTeIN HCCIIEI0BATINCH B
MUHAMUKE: IIPU TOCTYIJIEHUH, IT0C/Ie TTPOBEEHHOMN
Tepanuy B 3aBUCUMOCTH OT CTEIIEHU TSKECTU B Te-
yeHUe 1—4 CyT HaXOXKJeHUA B CTaI[OHAPe.

UccnenoBanre 0o700peHO JIOKIBHBIM 3THYE-
ckum komureroM pu I'BY «Caukr-IlerepOyprekuit
Hay4HO-UCCJIEZIOBATEIBCKUN WHCTUTYT CKOPOU II0-
momu uMm. N.U. JIxxanenuaze» (mpotokos N2 8 ot
17.10.2018).

Cratucruueckyo 06paboTKy HOJIyYeHHBIX JIaH-
HBIX ITPOU3BOMJIH C TIOMOIIbI0 TporpamMmm Microsoft
Excel 2016, Statistica 10. IIoCk0JIbKY BBIYHCIEHHBIN
[I0Ka3aTesib CBUETEJIBCTBOBAJL O pacCIpe/iesIeHNH
KOJINYECTBEHHBIX JIAHHBIX, OTJINYAIONIEMCS OT HOP-
MaJIBHOTO, /IJISI aHAJIN3a HCIOJIb30BAJIUCh HEmapa-
MeTpHueckue Kputepuu. KosmuecTBeHHBIE TTOKa3a-
TeJIH TIPE/ICTAaBJIEHbI KaK MeinaHa u 1-1 (25 %) u 3-i
(75 %) kBapTiiin — Me [Q ; Qs]. OrneHKy J1ocTOBEpP-
HOCTU DPA3JINYUH CPeIHUX 3HAUeHUH IPOBOAWIN C
ncnosb3oBanueM U-kputepusa ManHa — YUTHU IpU
YPOBHE 3HAUUMOCTH P < 0.05.

PE3YJIBTATBI U OBCY:KJAEHUE

ITpu HOCTYIUIEHUH Y 72 TAIIUEHTOB C OTPABJIEHU-
€M TICUXO/IUCIENTUKAMHU JIETKOH CTENEHU TKEeCTH
IIOBOZIOM K BBI3OBY OPHTajibl CKOPOH ITOMOIIU SIBU-
JIOCh COCTOSTHHE, 0003HAUaEM KaK «IJIOX0», a UMEH-
HO cepanebueHure U 00Jb B TPYAHOU KJIETKe, HaKT
yrnorpebienusa kakux-nu6o [TAB 6bu1 ckpeiT, 6pura-
ZIbI CKOPO¥ IIOMOIIY OKa3bIBAJIHM IIOMOIIb COTJIACHO
MpHUKa3a MHUHHICTEPCTBA 3/IpaBooXpaHeHus PO ot
24 nexabps 2012 1. N2 1448H «O6 yTBEp:KIEeHUU
CTaHZ]apTa CKOPOW MEJUITMHCKON ITOMOIIM IPU OT-
paBJieHUH BeIecTBAaMU HEHPOTPOITHOTO IEUCTBUA».

¥ 38 60JIbHBIX KOHTPOJIBHOU I'pymIIsI (TabJ1. 1—3)
[P OCMOTPE BPauOM-TOKCUKOJIOTOM HabJII0/1aI0Ch
JIeTKOe W3MeHeHue CO3HaHuA (3Udopus, Jerkoe
BO3OYK/IeH1E), TaXUKapAUs ObLIA Y 5, TAXHITHOD — Y
7 OOJIBHBIX IIPU HOPMAJIbHBIX ITOKA3aTeJNIsAX caTypa-
UM KpoBH KucaopozpoMm (SpO,) u ¢ppakuuu Kucio-
poza Bo Babixaemon cmecu (FiO,). IIpu ucenenosa-
HUM OMOXMMHUYECKUX [TOKa3aTesieldl KPOBH y BBIIIIe-
VKa3aHHBIX OOJIbHBIX OTMEUINCh YMepeHHas TH-
MEPIJINKEMUs], MOBBINIEHHE YPOBHSI MOYEBHHBI B
I1a3Me KPOBH, THIIEPKPEATUHUHEMUS, IOBBIIIIEHYE
AKTUBHOCTH CBHIBOPOTOYHBIX TpaHCAMUHA3 U Gep-
MEHTOB YHEpPreTHYecKoro obMeHa. B To xe Bpems
Pa3BEpHYTHIN aHAIN3 KPOBU YKa3bIBaJI HA BO3HUK-
HOBEHHE BOCIAJIUTEJIbHOH peakiuu. B wimHuue-
CKOM aHaJIN3€e MOUM — YMEPEHHAs! IIPOTENHYPHSL.

Statistical processing of the data obtained was
carried out using Microsoft Excel 2016, Statistica 10.
Since the calculated indicator testified to the quan-
titative data distribution, that differed from normal,
nonparametric criteria were used for the analysis.
Quantitative indicators are presented as a median
and the 1% (25%) and 3" (75%) quartiles — Me [Q ;
Q,]. The significance of differences in mean values
was assessed using the Mann-Whitney U-test at a
significance level of p < 0.05.

RESULTS AND DISCUSSION

Upon admission in 72 patients with mild psy-
chodysleptics poisoning, the reason for calling the
ambulance was a condition, denoted as “bad”, name-
ly, heartbeat and chest pain, the fact of using any
psychoactive substances was covered up, the ambu-
lance teams provided assistance according to the Or-
der of the Russian Federation’s Ministry of Health of
December 24, 2012 No. 1448n “On approval of the
standard of emergency medical care in case of poi-
soning with substances of neurotropic action”.

In 38 patients of the control group (Tables 1—3),
when they were examined by a toxicologist, there
was a slight change in consciousness (euphoria, mild
agitation), tachycardia was in 5, tachypnea — in 7 pa-
tients with normal blood oxygen saturation (SpO,)
and oxygen fraction in the inhaled mixture (FiO,).
When studying the biochemical parameters of blood
in the above patients, moderate hyperglycemia, an
increase in the level of urea in the blood plasma, hy-
percreatininemia, an increase in the activity of se-
rum transaminases and enzymes of energy metabo-
lism were noted. At the same time, a complete blood
count indicated the occurrence of an inflammatory
reaction. There was moderate proteinuria in the clin-
ical analysis of urine.

Standard therapy stopped the symptoms of mild
acute poisoning on the part of consciousness, hemo-
dynamics and respiratory rate (RR), SpO, by the end
of the first day — 22.2 [21.2; 23.2] h, however, almost
all deviations in clinical and biochemical analyzes re-
mained.

In the study group in 34 patients (Tables 4-6),
the initial examination in the Medical Toxicology
Emergency Department revealed a similar clinical
picture as in the control group (tachycardia was ob-
served in 7 patients, tachypnea — in 8 with normal
SpO, and FiO, values).

The methodology we proposed allowed on aver-
age in 9.17 [8.42; 10.2] h (p < 0.05) to eliminate im-
pairments of consciousness, behavior, hemodyna-
mics and SpO,. Blood glucose and urinalysis nor-
malized.
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TaGauna 1. I3MeHeHre moKa3aresel yPOBHSI COBHAHU S, aXKUTAIIMH, FeMOJJUHAMUKHY ¥ 3 (HEKTUBHOCTH JABIXAHUS

y 60JIBHBIX KOHTPOJIBHOU IPYIIIBI C OTPABJIEHUEM IICUXOAMCIIENITHKAME JIETKOU CTEIIEHH TSKECTH

Table 1. Changes in indicators of consciousness level, agitation, hemodynamics and ventilatory efficiency in patients of
the control group with mild psychodysleptic poisoning

IIpu moctynsierun Ilpu Beinucke

ITokazaresis / Indicators Hopwma / Normal On admission On discharge
(n=38) (n=38)

CreneHnb HapylieHus co3Hanus (mkana [1asro) (6aysie) 15 [14; 15] 14* [14; 15] 15 [14; 15]

Consciousness impairment degree (GCS) (points)

Bos6y:xaenne-cempanus (mkana RASS) (6asibr) o) 1.0* [+1.0; +1.0] 0

Agitation-sedation (RASS Scale) (points)

YCC (ya. B 1 MUH) 75 [68; 83] 104.6* [102.1; 107.1] 79.4 [70.8; 72.8]

Heart rate (beats per minute)

AJlc (MM pT. cT.) 110 [100; 120] 115.1% [112.6; 121.1]  107.0 [103.9; 108.4]

BPs (mm Hg)

Y/ (B 1 MUH) 15 [14; 16] 20.1* [19.9; 21.5] 18.2% [13.7; 18.9]

Respiratory rate (per minute)

SpO, (%) 98 [97; 100] 96,9[95.7;98.51  99.0[97; 100]

FiO 0.21[0.21; 0.21] 0.21[0.21; 0.21] 0.21 [0.21; 0.21]

2

IIpumeuanue. Allc — aprepuajbHOe JJaBJIeHHE CUCTOJINUECKOe; * pa3IMuus JJOCTOBEPHBI B CPABHEHUH C HOPMAaJIbHBIM ITIOKa3aTesIeM
(pu p < 0.05).
Note. BP — systolic blood pressure; * differences are significant in comparison with normal indicator (in p < 0.05).

Tabauna 2. l13MeHeHHe NTokasaresiell pa3BepHYTOr0 aHAIN3a KPOBU U MOYHU Y OOJIBHBIX KOHTPOJIBHOM I'PYIIIIBI
¢ OTpaBJIeHHeM IICUXOJUCIEITUKAMU JIETKOH CTeNleH!U TAMKEeCTU

Table 2. Changes in indicators of a complete blood count and common urine analysis in patients of the control group
with mild psychodysleptic poisoning

IIpu nocrynnenun IIpu BeInHICKE
Iokazarenu / Indicators Hopwma / Normal On admission On discharge

(n=38) (n=38)
JletikoruTsl (x10°/11) | Leukocytes (x109/1) 6.32 [5.16; 7.41] 10.3% [9.6; 11.1] 9.8%[9.1; 10.6]
JIVU (ycn. en.) | LI (arbitrary units) 0.95 [0.69; 1.22] 2.47* [1.70; 3.25] 2.04% [1.21; 3.08]
Besok B moue (/1) | Urine protein (g/1) 0.058 [0.029; 0.089] 0.560* [0.520; 0.600] 0.217* [0.177; 0.275]

Ipumevanue. JINU — efKOIUTAPHBIA HHEKC MHTOKCUKAIIUH; * PA3/IHYNs IOCTOBEPHBI B CPABHEHUH C HOPMAIbHBIM IT0KA3aTeIeM
(mpu p < 0.05).
Note. LII — leukocyte intoxication index; * differences are significant in comparison with normal indicator (in p < 0.05).

Taoauna 3. 13MeHeHNe OMOXUMHYECKUX [TOKa3aTesield KpOBU Y GOJIBHBIX KOHTPOJIBHOH I'PYIIIIBI C OTPABIEHUEM
TICUXOJIUCJIETITUKAMU JIETKOHU CTEeIIeH! TAKECTH

Table 3. Changes in blood biochemical parameters in patients of the control group with mild psychodysleptic poisoning

IIpu nocrynieHun IIpu BbIIKICKE

IToxasaresnpb / Indicators Hopma / Normal  On admission On discharge
(n=238) (n=38)
Kasuit (mmosw/n) | Potassium (mmol/1) 4.53 [4.02; 4.96]  4.63 [4.11; 5.11] 4.18 [3.66; 4.69]
Irokosa (Mmosib/o) | Glucose (mmol/1) 5.03 [4.57; 5.46] 6.53% [6.15; 7.02] 6.39% [6.00; 6.91]
MouesBuna (MmoJib/i1) | Urea (mmol/1) 5.49 [4.0; 6.90] 6.17% [6.04; 6.32] 6.06* [5.93; 6.2]
Kpeatunus (Mxmosib/i) | Creatinine (umol/1) 93.7[82.4;104.3] 105.3* [103.1; 107.9]  96.8% [94.7; 99.0]
ACT (ex./n) | AST (1U/1) 19.6 [9.8; 28.8] 65.7% [60.7; 72.5] 60.8*% [56.8; 67.1]
AJIT (ex./n) | ALT (IU/1) 20.6 [10.3; 30.3] 68.1% [59.2; 79.4] 68.7%[59.8; 80.0]
® (ex./m) | ALP (IU/1) 76.4 [53.3; 98.2] 193.5% [166.0; 228.3] 216.2* [190.0; 249.4]
JIIT (en./m) | LDH (1U/1) 371.5 [302; 425.8] 886.7% [867.4; 911.1]  835.4* [814.4; 862.1]

Kpeatunkunasa (ex./n) | Creatine kinase (IU/1) 98.0 [49.1; 144] 665.0% [641.1; 695.3] 612.0% [593.6; 635.3]

* Pa3inuus JIOCTOBEPHBI B CPABHEHHUH C HOPMAJIbHBIM ITOKazaresieM (Ipu p < 0.05).
Differences are significant in comparison with normal indicator (in p < 0.05).
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Tabauna 4. ll3aMeHeHue [ToKkasareyieldl ypOBHA CO3HAHUSA, AXKUTAIUY, TeMOANHAMUKY U 3OGEKTUBHOCTH JbIXaHUS
y GOJIBHBIX UCCIIEyeMOU I'PYIIIIBI C OTPABJIEHUEM IICUXO/IMCIENITUKAMH JIETKOU CTENIEHU TAKECTU

Table 4. Changes in indicators of consciousness level, agitation, hemodynamics and ventilatory efficiency in patients

of the study group with mild psychodysleptic poisoning

IIpu nocryninenun  Ilpu BeIKCKe

ITokazaresipb / Indicators Hopma / Normal On admission On discharge
(n=34) (n=34)

CremneHp HapyIIeHUs CO3HAHUA (IIKaIa KOMBI 15 [14; 15] 14* [14; 15] 15 [14; 15]

T'nasro) (6asabr)

Consciousness impairment degree (GCS) (points)

Bos0y:kaenue-cenanus (mkana RASS) (6asib) 0 1.0% [+1.0; +1.0] 0o

Agitation-sedation (RASS Scale) (points)

YCC (yn. B 1 mun)/ Heart rate (beats per minute) 75 [68; 83] 106.0% [103.5; 108.5] 78.7[70.1; 72.1]
AJlc (MM pt. ct1.) / BPs (mm Hg) 110 [100; 120] 116.5% [114.0; 122.5] 106 [102.8; 110.2]
Y/ (B 1 muHn) / Respiratory rate (per minute) 15 [14; 16] 20.5% [10.3; 21.9] 17.8% [13.3; 18.6]
SpO, (%) 98 [97; 100] 96.7[95.5; 98.31 99.0 [97; 100]
FiO 0.21[0.21; 0.21]  0.21[0.21; 0.21] 0.21[0.21; 0.21]

2

* PasIyus I0CTOBEPHBI B CPAaBHEHHUY C HOPMAJIBHBIM IT0Ka3aTesieM (IpH p < 0.05).
Differences are significant in comparison with normal indicator (in p < 0.05).

CranpapTHas Tepanus KynupoBajia CUMITOMBI
OCTPOTO OTpPAaBJIEHUs JIETKON CTENEeHU TSKECTU CO
CTOPOHBI CO3HAHUS, TEMOTUHAMUKU U YaCTOTHI JAbI-
XaTeabHbIX ABrzkeHun (YJ1/1), SpO, K KOHIIy TEPBBIX
CyTOK — 22.2 [21.2; 23.2] 4, OJTHAKO MPAKTHYECKH
BCE OTKJIOHEHUS B KIMHHUYECKUX U OMOXUMHYECKHIX
AHAJIN3AX COXPAHAIIUCE.

B wuccnemyemoii rpynme y 34 OGOJIBHBIX
(Tabs. 4—6) TEpBUYHBIA OCMOTP B OT/IeJIEHUU
OCTPBIX OTPABJIEHUH BBISBIJI CXOXKYI0 KIIMHIYECKYTO
KapTHHY, YTO ¥ B KOHTPOJIbHOU Tpy1Iie (TaxuKapaus
Habonanace y 7 OOJIBHBIX, TAXUITHOD — y 8 mpu
HOpMaJIbHBIX NoKazaTesnax SpO, u FiO,).

Hcnosp30BaHue TIpe/ylaraeéMoil HaMU METO/H-
KU TIO3BOJIUJIO B cpefHeM uepe3 9.17 [8.42; 10.2] u
(p < 0.05) yCTpaHUTH HAPYIIEHUs CO3HAHUs, IIOBE-
JIEHYECKOW peakInu, TeMOJUHAMUKA 1 SpO,. Hop-
MaJIN30BAJIMCh TI0KA3aTeIu TJIIOKO3bI B KPOBU U
KJINHUYECKOTO aHAIN3a MOYH.

[Ipu moctyrieHnn y 76 60JIBHBIX KOHTPOJIBHOU
u uccaeayeMord rpynn (Ttabi. 7—10) OTpaBJIeHHE

Upon admission, in 76 patients of the control
and study groups (Tables 7—10) the poisoning mani-
fested itself as a behavior disorder (agitation, hallu-
cinations, suicidal tendencies, etc.), but it was not
accompanied by convulsive seizures and arterial hy-
potension; this clinical picture corresponded to the
moderate severity on the PSS Scale.

Of the 37 patients in the control group (see
Tables 7—9), 10 had tachycardia; when patients of
the control group were examined by paramedics, the
low SpO, values were noted, which required oxygen
inhalation (FiO, — 0.45 [0.40; 0.58]). On admission
to the Medical Toxicology Emergency Department, a
detailed study of biochemical, clinical and blood gas
parameters in the above patients revealed hypo-
xemia (partial pressure of oxygen in arterial blood
(PaO,) — 78.6 [75.0; 85.3] mm Hg) in combination
with the significant increase in lactate concentration
(3.87 [3.08; 5.18] mmol/l): compensated metabolic
acidosis was observed in arterial blood (partial pres-
sure of carbon dioxide in arterial blood (PaCO,) —

Ta6uuna 5. l3MeHeHne oKa3aTesieil pa3BEPHYTOr0 aHAIN3a KPOBU U MOUYHU y OOJIBHBIX HCCIIE/TyeMOU TPYIIIIBI
€ OTpaBJIEHHEM IICUXO/IUCIIENITUKAMU JIETKOH CTENEHH TAKECTU

Table 5. Changes in indicators of a complete blood count and common urine analysis in patients of the study group

with mild psychodysleptics poisoning

TTokasarespb / Indicators

Hopwma / Normal

IIpu nocrynineHnn
On admission

(n=34)

IIpu BeInIHCKE
On discharge
(n=34)

JletikoruTs (x10° /1) | Leukocytes (x10° /1)
JIVUU (ycn. ex.) | LII (arbitr. units)
Besok B moue (/1) | Urine protein (g/1)

6.32 [5.16; 7.41]
0.95 [0.69; 1.22]
0.058 [0.029; 0.089]

9.3% [8.6; 10.1]
2.02% [1.19; 3.06]
0.062 [0.033; 0.092]

10.5% [9.8; 11.3]
2.51* [1.74; 3.29]
0.571* [0.531; 0.611]

* PasI4us OCTOBEPHBI B CPAaBHEHUH C HOPMAJIBHBIM IT0Ka3aTesieM (IpH p < 0.05).
Differences are significant in comparison with normal indicator (in p < 0.05).
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Ta6uuna 6. V3vMeHeHre OMOXUMUYECKHUX TIOKa3aTeseld KPOBH Y OOJIbHBIX HCCJIETYEMOU IPYIIIIBI C OTPABJIEHHEM
TICUXO/TUCJIETITUKAMU JIETKOH CTETIEHU TIKECTH

Table 6. Changes in blood biochemical parameters in patients of the study group with mild psychodysleptic poisoning

IIpu nocrynieHun IIpu BeIIIKICKE
IToxasarespb / Indicators Hopma / Normal  On admission On discharge

(n=34) (n=134)
Kasnuit (mmosib/i) | Potassium (mmol/1) 4.53 [4.02; 4.96]  4.86 [4.36; 5.36] 4.21[3.69; 4.72]
T'mroko3a (Mmmosb/m) | Glucose (mmol/1) 5.03 [4.57; 5.46]  6.65% [6.27; 7.14] 5.80% [5.41; 6.32]
MoueBuHa (MmoJib/i) | Urea (mmol/1) 5.49 [4.0; 6.90] 6.29% [6.16; 6.44] 5.92% [6.07; 6.34]
Kpeatunus (Mkmosin/n) | Creatinine (umol/1) 93.7[82.4; 104.3] 102.9* [100.8; 105.4] 96.1* [94.0; 98.3]
ACT (en./n) | AST (IU/1) 19.6 [9.8; 28.8] 67.1% [62.1; 73.9] 59.9*% [55.9; 66.2]
AJIT (ex./n) | ALT (IU/1) 20.6 [10.3; 30.3] 69.5% [60.6; 80.8] 68.0* [60.5; 80.7]
1P (en./m) | ALP (1U/1) 76.4[53.3; 98.2]  206.5% [179.0; 241.3] 147.3* [120.0; 283.1]
JIAT (en./m) | LDH (IU/1) 371.5[302; 425.8] 931.0% [911.7; 955.4]  572.9% [551.2; 601.3]
Kpeatunkuna3sa (ex./n) | Creatine kinase (I1U/1) 98 [49.1; 144] 698.3% [674.4; 728.6]  329.2% [308.4; 356.4]

* Pa3inuus IOCTOBEPHBI B CPAaBHEHHUH C HOPMAaJIBHBIM ITOKa3aresieM (Ipu p < 0.05).
Differences are significant in comparison with normal indicator (in p < 0.05).

Ta6uunia 7. VIzaMeHeHue moKas3aTesiell ypOBHsI COBHAHUSI, aKUTAIMH, TEMOTUHAMUKHU U 3 (PEKTUBHOCTH JIBIXaHU ST
y GOJIBHBIX KOHTPOJIBHOM TPYIIIBI C OTPABJIEHUEM IICUXOTUCIENITHKAMU CPETHEN CTEIEHH TAKECTH

Table 7. Changes in indicators of consciousness level, agitation, hemodynamics and ventilatory efficiency in patients
of the control group with moderate psychodysleptics poisoning

IIpy OCTYIIJIEHUH 2-€ CYTKH 3-€ CYyTKH
ITokasaresp / Indicators Hopma / Normal On admission 2 day 3¢ day

(n=37) (n=37) (n=12)
CreneHb HapyIIEHUS COBHAHUS 15 [14; 15] 11.6* [10.6; 12.6] 13.7 [13.4; 14.2] 15 [14; 15]
(mkaJsta kombl I'1asro) (6asisibr)
Consciousness impairment degree
(GCS) (points)
Bo306y:xaeHne-ceganus 0 1.92% [+1.4; +2.4] 0.47[+0.3;+0.8] ©
(mrkasta RASS) (6asiien)
Agitation-sedation (RASS Scale) (points)
YCC (ya. B 1 MuH) 75 [68; 83] 97.8%[92.6; 102.6] 80.1* [79.1; 81.1] 80.4% [79.4; 81.4]
Heart rate (beats per minute)
AJlc (MM pr. cT.) / BPs (mm Hg) 110 [100; 120] 115.8 [113.5; 120.6] 114.9 [112.6; 119.7] 109.2 [106.7; 111.2]
Y/ (B 1 MUH) 15 [14; 16] 21.7%[20.4; 23.1]  19.5% [19.0; 20.8]  17.4% [14.9; 20.1]
Respiratory rate (per minute)
SpO, (%) 98 [97; 100] 93.9%[92.9;95.7]  96.2%[95.9;97.6]  99.1[98.6; 99.5]
PaO, (mm pr. ct.) / PaO, (mm Hg) 90 [85; 95] 78.6* [75.0; 85.3]  68.9% [65.3; 75.6]  83.5[79.9; 90.2]
FiO 0.21[0.21; 0.21]  0.45% [0.40; 0,58] 0.33* [0.27; 0.38] 0.24 [0.21; 0.40]

2

* PasJIi4us JOCTOBEPHBI B CPAaBHEHU C HOPMAJIBHBIM IIOKa3aTesieM (IpH p < 0.05).
Differences are significant in comparison with normal indicator (in p < 0.05).

Taoauna 8. l3meHeHue okasareseil pa3BepHyTOI0 aHAIN3a KPOBU U MOUU Y O0JIBHBIX KOHTPOJIbHON I'PYTIIIBI

C OTpaBJIEHUEM IICUXOAMCIENITUKAMH CPEAHEN CTeeHH TAKEeCTH

Table 8. Changes in indicators of complete blood count and common urine analysis in patients of the control group
with moderate psychodysleptic poisoning

IIpu nocryniaeHun 2-e CyTKH 3-€ CyTKH
Iokazarenu / Indicators Hopma / Normal On admission 2nd day 3 day

(n=37) (n=37) (n=12)
JlerikoruThI (X10° J1) 6.32 [5.16; 7.41] 10.4* [9.7; 11.2] 10.1% [9.2; 11.2] 10.1* [9.2; 11.2]
Leukocytes (x109 /1)
JIVU (yco. en.) 0.95 [0.69; 1.22] 2.27% [1.95; 2.91] 2.16* [1.84; 2.80] 2.13% [1.81; 2.77]
LII (arbitr. units)
BeJsok B Mmoue (r/71) 0.058 [0.029; 0.089] 0.631* [0.551; 0.681] 0.845% [0.597; 1.421] 0.241% [0.177; 0.368]
Urine protein (g/1)

* PasnMuus ZI0CTOBEPHBI B CPABHEHUH C HOPMAJILHBIM TI0Ka3aTesieM (Ipu p < 0.05).
Differences are significant in comparison with normal indicator (in p < 0.05).
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TaGuuna 9. V3MeHeHHe OUOXUMUYECKHUX TIOKa3aTeseld KPOBH Y O0JIbHBIX KOHTPOJIBHOU IPYIIIBI C OTPABJIEHUEM

IICUXOJHC/ICIITUKAMU CpeﬂHeﬁ CTEIICHU TAXKEeCTHU

Table 9. Changes in biochemical parameters of blood in patients of the control group with moderate psychodysleptic

poisoning

ITokazaresipb / Indicators

Hopwma / Normal

IIpu nocrynienun
On admission
(n=37)

2-e CyTKH
2rd day
(n=237)

3-€ CyTKH
Snd day
n=12)

Kasuii (MMoJIb/7T)
Potassium (mmol/1)

T'mroxo3a (MMOJIB/T)
Glucose (mmol/1)

JlakTaT (MMOJIB/JT)
Lactate (mmol/1)

PaCO, (mm pr. cT.)
PaCO, (mm Hg)

pH
BE (MmoJ1B/71)
(mmol/1)

MoueBuHa (MMOJIb/JT)
Urea (mmol/1)

KpeaTtunuH (MKMOJIb/JT)
Creatinine (umol/1)

ACT (ex./n) | AST (IU/D)
AJIT (ex./n) | ALT (IU/1)
® (ex./m) | ALP (IU/1)
JIAT (em./m) | LDH (IU/1)
Kpearunkunasa (ez./m1)
Creatine kinase (I1U/1)

4.53 [4.02; 4.96]
5.03 [4.57; 5.46]
1.10 [0.70; 1.50]
40 [37.5; 42.5]

7.40 [7.38; 7.43]
0.5 [-0.75; 1.75]

5.49 [4.0; 6.90]
93.7 [82.4; 104.3]

19.6 [9.8; 28.8]
20.6 [10.3; 30.3]
76.4 [53.3; 98.2]

371.5 [302; 425.8]

98.0 [49.1; 144]

4.84 [4.59; 5.36]
6.49% [6.11; 6.98]
3.87%[3.08; 5.18]
42.4[40.8; 45.8]

7.36 [7.33; 7.40]
-2.79% [-3.58; —2.29]

6.45% [6.26; 6.83]
104.5% [91.1; 121.9]

73.8% [68.8; 83.2]
76.0* [71.5; 84.3]
232.2% [201.8; 288.6]
1045.7* [995.0; 1139.4]
861.0% [840.1; 900.5]

4.36 [3.91; 5.15]
7.35% [6.97; 7.84]
4.33% [3.54; 5.64]
39.4[37.8; 43.3]

7.34 [7.31; 7.38]
-3.18% [-3.97; —2.49]

6.12* [5.93; 6.50]
101.3% [94.8; 113.5]

182.7% [139.6; 251.1]
193.0% [168.3; 238.2]
276.4% [248.9; 327.4]

1001.6* [960.4; 1076.6]

807.0% [787.1; 847.5]

4.18 [3.73; 4,971
6.64* [5.80; 7,971
1.45 [1.05; 1.85]
39.8 [38.2; 43.7]

7.38 [7.36; 7.41]
-0.5 [-1.75; 1.25]

5.56 [5.30; 6.07]
97.5 [88.3; 114.6]

121.3* [117.3; 128.6]
124.6* [116.8; 139.0]
246.4% [225.6; 284.8]
842.5% [821.6; 882.0]
633.0% [612.8; 670.5]

* Pa3in4us JJOCTOBEPHBI B CPABHEHHUH C HOPMAaJIbHBIM IT0KazaresieM (IpH p < 0.05).

Differences are significant in comparison with normal indicator (in p < 0.05).

MIPOSIBJISITIOCH HApyIleHUeM IoBefieHus (Bo30yk/e-
HUe, TAUIIUHAINYA, HAKIOHHOCTh K CYHI[U/Ia/Ib-
HBIM JIEUCTBUAM U JIP.), HO IIPU 3TOM HE COIIPOBO-
JKAJI0CH CYIOPOKHBIMH IIPUCTYIIAMHU U apTePUATIb-
HOU THUIIOTEH3HEH, T. €. JJAaHHAs KJIMHUYECKAsl Kap-

42.4 [40.8; 45.8] mm Hg, buffer bases BE = —2.79
[-3.58; —2.29], pH — 7.36 [7.33; 7.40]).

The high level of glucose, LDH, and creatine ki-
nase indicated an increase in the role of anaerobic
processes, which is obviously associated with the

TaGJII/II.[a 10. I3MeHeHUe MTOKa3aTesen YPOBHA CO3HAHUA, a’KUTallul, FEMOANHAMHUKU U SQ)q)eKTI/IBHOCTI/I AbIXaHUA Yy
GOJIBHBIX HCCHEﬂyeMOﬁ T'PynInbl C OTpaBJI€HUEM IICUXOAUCICIITUKaAMU CpeﬂHeﬁ CTEIIEHU TAXKECTHU

Table 10. Changes in indicators of consciousness level, agitation, hemodynamics and ventilatory efficiency in patients
of the study group with moderate psychodysleptics poisoning

IIpu mocTymIeHun 2-€ CyTKHU
ITokasarespb / Indicator Hopwma / Normal On admission 2m day

(n=39) (n =25)
CTeneHb HapyIIEHU s COBHAHUA (IITKAJIa KOMBI 15 [14; 15] 11.3* [10.3; 12.3] 15 [14; 15]
T'itasro) (6asiien)
Consciousness impairment degree (GCS) (points)
Bos0y:xaenue-cenanus (imkana RASS) (6asiib) 0 1.98% [+1.5; +2.5] 0
Agitation-sedation (RASS Scale) (points)
YCC (yn. B 1 muH) / Heart rate (beats per minute) 75 [68; 83] 100.7* [95.5; 105.9] 79.3%* [78.3; 80.6]
AJlc (MM pr. cT.) / BPs (mm Hg) 110 [100; 120] 119.3* [117.0; 122.3] 107.6 [105.9; 110.2]
Y/ (B 1 muH) / Respiratory rate (per minute) 15 [14; 16] 22.4% [21.1; 23.8] 17.1* [14.6; 20.0]
SpO, (%) 98 [97; 100] 92.0* [91.0; 94.8] 99.0[98.5; 99.5]

90 [85; 95] 76.2% [72.6; 82.9] 81.6 [78.6; 85.7]

PaO, (mm pr. ct.) / PaO, (mm Hg)

FiO

2

0.21 [0.21; 0.21]

0.45% [0.40; 0.58]

0.21 [0.21; 0.21]

* Pa3in4us JIOCTOBEPHBI B CPABHEHHUH C HOPMaJIbHBIM ITOKazaresieM (IpH p < 0.05).

Differences are significant in comparison with normal indicator (in p < 0.05).
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THHA COOTBETCTBOBAJIA CPEJIHEH CTEIEHU TSKECTU
o mkase PSS.

W3 37 manueHTOB KOHTPOJIBHOW TPyHIbl (CM.
Tabs. 7—9) y 10 HaOMIOAQIACh TaXUKApAWA, IPU
ocMoTpe OOJIbHBIX KOHTPOJIBHOHN T'PYIIIBI COTPYI-
HUKAMH CKOPOW MEIUITMHCKON ITOMOIIM OTMeua-
JICh TOHMKEeHHbIE 3HaueHus SpO,, 4To moTpe6o-
BasIo MHranAnuy kucaopogom (FiO, — 0.45 [0.40;
0.58]). IlompoGHOe wu3yueHHEe OHUOXUMUUYECKUX,
KJIMHUYECKUX II0KasaTejiell U MoKasaTejed ra3oB
KPOBU y BBIIIEYKAa3aHHBIX MAIIMEHTOB IIPU IIOCTY-
IUIEHUH B OT/IEJIEHUE OCTPBIX OTPABIEHUN BBISIBUIIO
THUIIOKCEMUIO (TapIuaibHOE JaBJIEHUE KHCIIOpOo/aa
B aprepuanbHOi kposu (Pa0,) — 78.6 [75.0; 85.3]
MM PT. CT.) Ha ¢OHE 3HAYUTEHHOTO MOBBIIIEHUS
KOHIleHTpanuu Jiakrata (3.87 [3.08; 5.18]
MMOJIb/JI): B apTEPUAJIbHOM KPOBHU HaOJIIOIaICs
KOMIIEHCUPOBAHHBIH  MeTabOJUYEeCKUH  aruo3
(TmaprraspHOE J1aBJIeHHE YTJIEKHCIIOrO ra3a B apTe-
puanpHO# KpoBu (PaCO,) — 42.4 [40.8; 45.8] Mm
pT. cr., 6ybepusie ocHoBaHus BE = —2.79 [-3.58;
—2.29], pH — 7.36 [7.33; 7.40D).

Bospacranue ypoBHA ri1toko3sl, JIJT', kpeaTun-
KHWHa3bl CBUJIETEJIBCTBOBAIO O IOBBIIMIEHUH POJIH
aHa’POOHBIX MPOIIECCOB, YTO, OUEBUIHO, CBSI3aHO C
6y10kazoli peabcopbiuu KarexosaMuHOB. KocBeH-
HBIM 00pa30M 5TO MTOATBEPIKIAIIO YCUJIEHHE BOCIA-
JINTETLHOU PEAKITHH.

Bce 5Ti u3MeHeHUsA TPOUCXOIMIIN Ha (DOHE 3HA-
YUTEJIbHON aKTUBAIUU (pepMEHTATUBHON aKTHBHO-
CTHU TIeYeHU, YBEJIMUEHUs] YPOBHS MOYEBHUHBI, Kpea-
THHUHA U TPOTENHYPUH, YTO MOTJIO CBU/IETEJIHCTBO-
BaTh O 3HAYUTEIBHOM HANPSIKEHUM JE€TOKCHUKAITU-
OHHBIX (DYHKIIUY OpraHU3Ma.

Ha 2-e cyrku npeObIBaHUs HAIEHTOB B CTALH-
OHape COXpaHsach crabwibHash TeMOJMHAMHKA,
ONTHMU3UPOBAJICS YPOBEHD CO3HAHUSA, OJTHAKO, HE-
CMOTpPSA Ha IPOBOJIMMYIO CTAHJAPTHYI) TEPAIIHIO,
12 GOJIBHBIM TTOTpeboBaIach cefanus, Mpu 3ToM (B
cpeHEM IO TpyIIie) HaOJII0IaI0Ch YMEPEHHOE Ta-
XunHo?, SpO, yaaBajoch IOJAAEPKUBATh HA HOP-
MaJIbHOM yPOBHE 3a cueT yseandenusa FiO, — 0.33.
BrimieykazaHHy0 KapTUHY MbI CBA3BIBA€M C IIPO-
noJpKaolleiica TkaneBol runokcueit (PaO, — 68.9
[65.3; 75.6] MM pT. cT.). B apTeprasbHO KPOBHU Ha-
Oaronancss CcyOKOMIIEHCHPOBAHHBIM —MeTabosmye-
ckmii anunos (PaCO, — 39.4 [37.8; 43.3] MM pr. cT.,
BE = -3.18, [-3.97; —2.49], pH — 7.34 [7.31; 7.38])
Ha (DOHE COXpaHEHUsI aHAAPOOHBIX MPOIECCOB (J1aK-
TaT — 4.33 [354; 5.64] M0/Ib/71, BBICOKHME 3HAYEHUS
raoko3bl, JII U kKpeaTuHKWHA3bI). JlambHeHIIast
aKTHUBANMS MMEYEHOUHBIX (PEpMEHTOB, a TAKMKE II0-
BBIIIIEHHOE CO/IEPIKAaHME TIOKA3aTe el MOYEBUHBI U
KpeaTHHUHA YCYTYOJIs1JI0Ch TPOTENHYPUEH.

blockade of catecholamine reabsorption. Indirectly,
this confirmed an increase in the inflammatory re-
sponse.

All these changes occurred alongside with the
significant activation of liver enzymatic activity, with
the increased levels of urea, creatinine and protein-
uria, which could indicate a significant tension in the
detoxification functions of the body.

On the 2™ day of hospital stay, hemodynamics
remained stable, the level of consciousness was opti-
mized, however, despite the ongoing standard thera-
py, 12 patients required sedation, while (on average
for the group) moderate tachypnea was observed,
SpO, could be maintained at a normal level due to
increase in FiO, — 0.33. We associate the above pic-
ture with continuing tissue hypoxia (PaO, — 68.9
[65.3; 75.6] mm Hg). Subcompensated metabolic
acidosis was observed in arterial blood (PaCO, —
39.4[37.8;43.31 mm Hg, BE = —3.18,[-3.97; —2.49],
pH — 7.34 [7.31; 7.38]) along with the persisting an-
aerobic processes (lactate — 4.33 [354; 5.64] mmol/],
high values of glucose, LDH and creatine kinase).
Further activation of liver enzymes, as well as in-
creased levels of urea and creatinine, were aggravat-
ed by proteinuria.

In patients of the control group, the conse-
quences of psychodysleptics consumption were
stopped only by the 3—5% day, but these patients sub-
sequently developed septic pneumonia.

In 39 patients of the study group (Tables 10—
12), on admission a picture similar to that of the
control group was observed. Thus, tachycardia was
observed in 12 patients with stable blood pressure,
PaO, — 76.2 [72.6; 82.9] mm Hg, the concentra-
tion of lactate — 3.98 [3.19; 5.29] mmol/], FiO, —
0.45 [0.40; 0.58]; in arterial blood — compensated
metabolic acidosis (PaCO, — 41.1 [39.5; 45.0] mm
Hg, BE = —2.87 [-3.66; —2.37], pH — 7.35 [7.32;
7-39)).

The addition of mexidol to intensive care al-
lowed to reduce the intensity of anaerobic processes
and optimize energy metabolism at the cellular level,
as evidenced by the normalization of PaO, — 81.6
[78.6; 85.7]1 mm Hg (p > 0.5), FiO, — 0.21 [0.21;
0.21], blood glucose and the lactate concentration
(1.18 [1.09; 1.27] mmol/1). In our opinion, this made
possible the reduction in the enzymatic activity, leu-
kocytosis by 19%, while the rehabilitation period was
limited by 1—2 days (already on the 1*t day, the RASS
score was O points).

CONCLUSION

Acute psychodysleptic poisoning, even of a mild
degree, is accompanied by the development of meta-
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TaGuuna 11. I3MeHeHNe ToKa3aTeJIed pa3BEPHYTOr0 aHAJIN3a KPOBU U MOYH Y OOJIbHBIX HCCJIETYEMOU I'PYIIIIBI

C OTPaBJIEHUEM IICUXOUCIIENITUKAMU CPEHEN CTENIEHH TSKECTH

Table 11. Changes in indicators of a complete blood count and common urine analysis in patients of the study group
with moderate psychodysleptic poisoning

[Tpu mocTyIeHu U 2-€ CyTKU
Iokazarespb / Indicator Hopwma / Normal On admission 2nd day
(n=39) (n = 25)

JledKonuThI (X10° /1) 6.32 [5.16; 7.41] 10.8* [10.1; 11.4]* 8.74* [7.70; 9.70]

Leukocytes (x109 /1)
JIVU (yco. en.)
LII (arbitr. units)

0.95 [0.69; 1.22] 2.34% [1.61; 3.58] 2.12* [1.39; 3.21]

0.650* [0.570; 0.710] 0.125% [0.064; 0.205]

BeJsok B Mmoue (r/71) 0.058 [0.029; 0.089]

Urine protein (g/1)

* PasIyus ZI0CTOBEPHBI B CPAaBHEHUH C HOPMAJIBHBIM IT0Ka3aTesieM (IpH p < 0.05).
Differences are significant in comparison with normal indicator (in p < 0.05).

VY 60JIbHBIX KOHTPOJIPHOU TPYIIBI KYITHPOBATh
[IOCTIE/ICTBUSA MTOTPeOIIeHUS ICUXOACIIENTHKOB y/ia-
JIOCh TOJIBKO K 3—5-M CyTKaM, HO Y HaI[UEHTOB BIIO-
CJIEJICTBUU Pa3BIJIACH CENITUYECKAs] THEBMOHUS.

YV 39 T[alUeHTOB UCCIEAYeMOH  TPYIIIIbI
(TabJ1. 10—12) IpU MOCTYIJIEHUU OTMeYasiach aHAJIO-
THYHAs KapTUHA, YTO U B KOHTPOJIBHOU rpymre. Taxk,
TaxXUKapAus HaOJIoganach y 12 OOJIBHBIX MPHU CTa-
OunbHBIX mokasarensax Alle, PaO, — 76.2 [72.6;
82.9] MM pT. cT., KOHIIEHTpanusA Jakrata — 3.98
[3.19; 5.29] mmonb/i, FiO, — 0.45 [0.40; 0.58]; B
apTepuayibHOM KPOBU — KOMIIEHCUPOBAHHBIN MeTa-
6ommueckuit anunos (PaCO, — 41.1 [39.5; 45.0] MM
prt. ct., BE = —2.87[-3.66; —2.37], pH — 7.35 [7.32;
7-390).

bolic disorders that are not eliminated by conven-
tional therapy, despite the normalization of con-
sciousness and relief of tachycardia. Acute psycho-
dysleptic poisoning of moderate severity is charac-
terized by the development of anaerobic processes,
hepatorenal syndrome and an inflammatory reac-
tion. Conventional therapy cannot stop the patho-
logical reactions in a short time.

The use of mexidol allowed to reduce the inten-
sity of anaerobic processes and contributed to the
optimization of metabolic disorders, which led to a
3—4-fold reduction in the rehabilitation period.

Conflict of interest. The authors declare no
conflict of interest.

Ta6una 12. Vi3MeHeHNe GHOXUMUUYECKUX II0Ka3aTesiell KPOBHU Y O0JIBHBIX UCCJIEAYEMOH I'PYIIIIBI C OTPABIEHIEM

IICUXOJHC/ICIITUKAMU CpeﬂHeﬁ CTEII€HU TAXKECTHU

Table 12. Changes in biochemical blood parameters in patients of the study group with moderate psychodysleptic

poisoning

ITokasarespb / Indicator

Hopwma / Normal

[Ipu nmocTynIeHnU 2-€ CyTKHU
On admission 2rd day
(n=39) (n = 25)

Kasnuit (mmosib/i1) | Potassium (mmol/1)
T'moxo3a (Mmosib/m) Glucose (mmol/1)
JlakTaT (MMosib/m) | Lactate (mmol/1)
PaCO, (mm pr. cT.| mm Hg )

BE (Mmostb/n1 | mmol/1)

MoueBuHa (MMoJib/i1) | Urea (mmol/1)
Kpeatunus (Mkmosib/i) | Creatinine (umol/1)
ACT (en./m) | AST (IU/1)

AJIT (en./n) | ALT (IU/1)

I® (ex./m) | ALP (IU/])

JIAT (en./m). | LDH (IU/1)

KpearuukuHasa (ej./m)

Creatine kinase (IU/1)

4.53 [4.02; 4.96]
5.03 [4.57; 5.46]
1.10 [0.70; 1.50]
40 [37.5; 42.5]
pH 7.40 [7.38; 7.43]
0.5 [-0.75; 1.75]
5.49 [4.0; 6.90]
93.7 [82.4; 104.3]
19.6 [9.8; 28.8]
20.6 [10.3; 30.3]
76.4 [53.3; 98.2]
371.5 [302; 425.8]
98 [49.1; 144]

4.07[3.82; 4.61]
4.97 [4.51; 5.43]

1.18 [1.09; 1.27]

39.9 [38.3; 43.7]

7.39 [7.37; 7.41]

—0.3 [-1.05; 0.61]
5.56 [4.07; 6.94]
97.5[86.8; 117.4]
68.3* [64.3; 73.6]
66.7* [62.7; 72.8]
207.1% [186.4; 234.5]
779.8*% [759.8; 806.1]
546.0% [522.5; 572.4]

4.93 [4.68; 5.44]
6.68% [5.89; 7.93]
3.98[3.19; 5.29]
41.1[39.5; 45.0]

7.35 [7.32; 7.39]
—2.87[-3.66; —2.37]
6.71* [6.52; 6.96]
107.1* [100.4; 115.8]
75.9% [70.9; 84.3]
78.3% [73.8; 85.4]
234.5% [204.1; 289.8]
1076.4* [1020.7; 1154.8]
886.4* [865.5; 913.2]

* PasJIi4us OCTOBEPHBI B CPABHEHHUH C HOPMAJIBHBIM IIOKa3aTeseM (IIpH p < 0.05).
Differences are significant in comparison with normal indicator (in p < 0.05).
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BriioueHre OIOJHUTEIHHO B HHTEHCHBHYIO
Tepanui0 MEKCH0J1a MIO3BOJINJIO YMEHBIIUTD BhIPa-
JKEHHOCTh aHa’POOHBIX MIPOIIECCOB M ONTUMH3UPO-
BaTh DYHEPreTHYECKHE IIPOIECChl Ha KJIETOYHOM
VPOBHE, O YeM CBH/IETEJILCTBOBAJIAa HOPMAIM3AIIHA
nokazatesneii PaO, — 81.6 [78.6; 85.7] Mm pr. cT.,
FiO, — 0.21[0.21; 0.21], ypOBHS IJIIOKO3bI B KDOBU U
KOHIIeHTparuu jiakrara (1.18 [1.09; 1.27] Mmosib/1).
Ha marm B3rJ1si1, 9TO II03BOJINIIO CHU3UTH (DepMeHTa-
TUBHYIO aKTUBHOCTb, JIEHKOITUTO3 HA 19 %, IpU 3TOM
CPOKU peabMIUTAIINU COKPATUINCD 10 1—2 cyT (yKe
Ha 1-e CyTKHU OIleHKa 1o mkajge RASS cocrasisia
0 6aJIoB).

3AK/IIOUEHMUE

OCTpOB OTpaBJIEHUE IICUXOJHCIEIITUKAMU J1aKe
JIETKOU CTEeNEeHHN COITPOBOXKJAETCA pa3BUTUEM META-
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OOJIMYECKUX HAPYIIEHUW, KOTOPBIE HE YCTPAHSIOTCS
CTaH/IAPTHOU TepaIuel, HeCMOTPsA Ha HOPMaIu3a-
[UIO CO3HAHUS U KYIHUPOBAHUE TaxwkKapauu. Jlis
OCTPOTO OTPABJIEHUS IICUXOIUCTIENTUKAMU CPETHEN
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KoHdauKT nHTEpEeCOB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUM KOH(JIMKTA HUHTEPECOB.
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pHUaJIbl BceapMelcKo# Hayd.-1ipakT. KoH(. CII6., 2016.
C. 252-254.

Jlogarun AJgexceii HwukosiaeBuu — 1-p Mep.

HAayK, DPYKOBOJUTEJh OTAeJa KJIMHUUYECKOH TOK-
cukosorun I'BY «CaHKT-IleTepOyprcKuii HaydHO-
HCCJIeI0BATEIbCKUN MHCTUTYT CKOPOM IIOMOIIM UM.
.. Jxxanenunaze».

Paxmanosa ExarepuHa AHApeeBHAa — acCCHUCTEHT

kxadenppl MOOMJIM3AIIMOHHOU IIOATOTOBKH 3/IPaBOOX-
paHeHUs1, MeUIUHBI KaTacTpod U CKOPOH MOMOIIU C
KypCOM TOCJIEAUTIIIOMHOTO 06pa3oBanusi (I10) ®I'BOY
BO «KpacHospcKuil rocyZlapCTBEHHBIA MeJTUITMHCKUHI
yHuBepcuteT uM. 1pod. B.®. BoitHo-fcenernkoro» MuH-
31paBa Poccny; Bpad aHeCTe3H0JI0T-PEaHNMATOJIOT OT-
neneHus octpeix orpasienuil KI'BY3 «KpacHospckas
MeXXparoOHHAsA KJIMHUYECKass OOJIbHUIIA CKOPOH MeIH-
nuHcko# oMot um. H.C. KaprmoBuya».
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AHHOTAIIUA

C 1eJiplo U3y4YeHU s ITHOJIOTHYECKUX (HAKTOPOB U MaTOMOP(OJIOTHYECKUX N3MEHEHUH JIETKUX IPU BPOXKJAEHHON
ITHEBMOHUH Y JIETeH UCCIIeZI0OBAHO 80 UCTOPHUI 60JIe3HEH U IPOTOKOJIOB MATOJIOT0-aHATOMUUECKUX BCKPBITHH YMEPIINUX
JleTel, MOCTYMUBIINX B TATOJIOT0AHATOMUYECKHUE OT/eJIEHU I MHOTOIIPO(UIIBHBIX IETCKUX CTAIlHOHAPOB I. HoBOCHOHUP-
cka 3a 2018—-2019 rr. OnleHUBaJIKNCh TaKUeE TaHHbIE, KaK T0JI, BO3PACT, JOHOIIEHHOCTb, JAHHBIE TPUIKIU3HEHHOTO U I0-
CMePTHOI'0 6aKTepUOJIOTUYECKUX HCCIeZIOBAHUMN, a TaK)Ke Pe3yJIbTaThl F'UCTOJIOTHYECKOTO HCCIeZIOBAaHUA BHYTPEHHUX
OpTraHOB U, YYUTHIBASA HEPA3PHIBHOCTD CUCTEMBI MaTh — IIJIalleHTa — IIJIOZ U POJIb IIeYeHU Kak OapbepHOro oprasa Inpu
IepuHaTaJIbHBIX NHPEKIUAX, IIJIAlleHTH U [IeYeHU.

BBIABJIEHO, UTO JIeTAJIbHbIE HCXOJBI BCIIEACTBHE BPOXK/EHHON ITHEBMOHHUU Yallle HAOJIOAIOTCS Y MAJIBYUKOB U
[IPENMYIECTBEHHO Y HEJIOHOIIEHHBIX JleTel. BposkieHHAA THEBMOHUSA B OOJIBIIMHCTBE CJIyYaeB ABJIAIACH YACTHIO Te-
HepaJIN30BaHHOI0 HH(GEKIIMOHHOTO Iporecca (HeOHATaJIbHBIH Celcuc, BHyTpUyTpoOHas nadeknus) (1o 85 %), ¢ ga-
CTBIM IIOpPa’KeHHEM KHIIeYHHUKA (QHTEPOKOIUT), HedueHH (heTanpHbIN renaTut). OCHOBHBIE STHOIOTHYECKHE (PaKTOPBI
BpoxkaeHHoU mHeBMoHUU — Klebsiella pneumoniae, Pseudomonas aeruginosa, Escherichia coli niu 6akTepuaabHO-
OakTepuasbHBIE ACCOIUAIIMU C TEeMH Xe Bo30OyauTesnsMu. B Mopdosormueckoidl kapTuHe JETKUX Hpeobiajiaia
WHTEPCTUI[NATHHO-IeCKBAMATHBHA I THEBMOHU .

Kaoueawvie caosa: BpOXJA€HHadA IHEBMOHUA, HEeOHaTaIbHBIN CEeIICUC, 3TUOJIOTUA, ITaTOJIOTUYECKAaA aHATOMMUA.

ABSTRACT

In order to study the etiological factors and pathomorphological changes in lungs in congenital pneumonia, 80 case
histories and autopsy records of deceased children who were admitted to the pathological departments of multidisci-
plinary children’s hospitals in Novosibirsk in 2018—2019 were analyzed. Such parameters as gender, age, maturity, data
from intravital and postmortem bacteriological tests, as well as the results of histological examination of internal organs
and, taking into account the continuity of the mother — placenta — fetus system and the role of the liver as a barrier organ
in perinatal infections, placenta and liver, were assessed.

It was found that fatal outcomes due to congenital pneumonia are more often observed in boys, and mainly in pre-
mature newborn infants. Congenital pneumonia in most cases was part of a generalized infectious process (neonatal
sepsis, intrauterine infection) (up to 85%), with frequent damage to the intestine (enterocolitis), liver (fetal hepatitis).
The main etiological factors of congenital pneumonia are Klebsiella pneumoniae, Pseudomonas aeruginosa, Escherichia
coli or bacterial-bacterial associations of the above pathogens. The morphological picture of the lungs was dominated by
desquamative interstitial pneumonia.

Keywords: congenital pneumonia, neonatal sepsis, etiology, pathological anatomy.
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BBEAEHUWE

W3BeCTHO, YTO BPOKAEHHAS ITHEBMOHUS — 3TO
ocTpoe WH(MEKITMOHHO-BOCHAJIUTEIFHOE 3a00JIeBa-
HHUE PECITUPATOPHBIX OT/EJIOB JIETKUX B PE3yJIbTaTe
aHTe- W/WJIM WHTPAHATAJIBHOTO WHGUIUPOBAHUS,
HUMeIoIlee KITNHUKO-PEHTTEHOJIOTUUECKHE TIPOSIBIIE-
HUA B IIEPBBIE 72 U KU3HU peOeHKa.

B mepuos ¢ 2000 mo 2015 T. 3a60JIeBa€MOCTb
MMHEBMOHHUENW B MHUPE CHU3WJACh HA 30 %, JieTaab-
HOCTh — Ha 32 %, a B JIETCKOM Bo3pacre — Ha 50 %
[1]. OmHako, HECMOTpS Ha CHUKEHIE 00IIeH JTeTa b
HOCTHU OT ITHEBMOHHWHU, OHA JI0 CHUX IIOpP OCTaETCs
OTHOHM W3 BEJYIIUX MPUYUH CMEPTHU Cpenu HHGpEK-
[IMOHHBIX 3a00JIeBaHU v ieTel. Tak, y meTedt miaz-
e 2 jieT o4t 80 % ciiydyaeB CMepTU IPUXOJUTCH
Ha BTOpUYHbBIE THEBMOHMU [2]. B Kutae 3a nepuoy, ¢
2009 10 2015 T'. CMEPTHOCTb CPE/IU IETEH B BO3pACTE
JIO TISATH JIET CHU3WIach Ha 37.1 %. OCHOBHBIMH TIPU-
YHHAMH CMEPTU B 2015 T. y JleTeld B BO3pacTe Jio
IISATH JIET CTAIUd OCJIOXKHEHUS IPEeKIeBPEMEHHBIX
ponoB (17.4 %), achukcus npu poxaeHuu (15.2 %),
BpPOXK/IeHHBbIE aHOMAJINH (14.1 %), HECUACTHBIE CIIy-
uvau (13.5 %) u naeBmonus (12.4 %) [3].

HawuGospImuii pucK cMEpTH OT THEBMOHHH B JIET-
CKOM BO3pacTe IIPUXOJUTCS Ha HEOHATAJIBLHBIN IepH-
oz. ITo orierxe M.D. Nissen [4] oT THEBMOHUH €3KETO/-
HO YMHUpaeT OT 750 000 JI0 1.2 MJTH HOBOPOXK/IEHHBIX,
YTO COCTABJISIET 10 % OT OOITEH JETCKON CMEPTHOCTH.

BO3 orMeuaeT aKTyaJIbHOCTh HCCIEIOBAHHUUI I10
HUJIeHTU(UKAITANA BO30y/IUTeIel THEBMOHUY Y JIETEH,
TaK KaK 3TO WMeeT pellallee 3HAYeHHe JIIs 3THO-
TPOIHOTO JieueHus. OfHAKO WIeHTUDUKAIINUS BO30Y-
JIATEJIEN MTPENICTABIISIET OTIPEZIEJIEHHBIE CJIOXKHOCTH [5].

IATHUOJIOTHYECKAs CTPYKTYpa IMTHEBMOHUH y HO-
BOPOXKIEHHBIX CYIIIECTBEHHO OTJIUYAETCS OT APYTHUX
BO3PACTHBIX MIEPUOIOB. DTHOJIOTUS U SITUIEMHUOJIO-
TUs BPOXKJIEHHBIX 1 HEOHATAJIbHBIX THEBMOHUU 3a-
BHUCAT OT KJIWHUYECKUX YCIOBUHM W TOMYJANUU, K
KOTOPOH IMIPUHAJIJIEKUT PeOEHOK, CTa/INN B IIEpUHA-
TQJILHOM IIEPHOJIE, TECTAIIMOHHOTO BOo3pacTa pebeH-
Ka ¥ BU/Ia THEBMOHUH. B 3THOIOTMY HEOHATATHPHOMN
MMHEBMOHUHU TPHU TPAHCIUIAIIEHTAPHOM (reMaToreH-
HOM) ITyTH UHOHUITUPOBAHUS 0c000€e 3HAUEHUE UMe-
o1 Bo30yautesin TORCH-koMILIEKCA: ITUTOMETaIo-
BUDPYCHOH, TepIeTHYecKOod WHQEKINU, KPAaCHYXWH,
TyOepKynésa, cudunuca. [Ipu nepruHATaTIBHOM HH-
pUIUpOBAaHUN BaKHAsT POJIb OTBOJUTCS CTPEITO-
KOKKaM TpyIIbl B, KUIIEUHOH Majiouke, aHA3POO-
HBIM OaKTepUAM, XJIaMHUIUAM, MUKOIUIA3Me, IUTO-
meraynioBupycy, Haemophilus influenzae, Listeria
monocytogenes [6]. Ilo gauueim D.M. Popovich,
A. McAlhany [6], Chlamydia trachomatis siBnsiercs
cambIM pactpocrpaHeHHbIM B CIIIA B036yauTenem
MUKPOOHBIX WHQEKIUH, IePealoUXCs MOTOBBIM

INTRODUCTION

It is known that congenital pneumonia is an
acute infectious and inflammatory disease of the re-
spiratory parts of the lungs as a result of ante-
and/or intranatal infection which has clinical and
radiological manifestations in the first 72 h of a
child’s life.

In the period from 2000 to 2015, the incidence
of pneumonia in the world decreased by 30%, mor-
tality — by 32%, and in childhood — by 50% [1].
However, despite the decrease in the overall morta-
lity rate from pneumonia, it still remains one of the
leading causes of death among infectious diseases in
children. Thus, in children under 2 years of age, al-
most 80% of deaths occur due to secondary pneumo-
nia [2]. In China, from 2009 to 2015, mortality
among children under the age of five decreased by
37.1%. The main causes of death in children under
five years of age in 2015 were complications of pre-
mature birth (17.4%), birth asphyxia (15.2%), con-
genital anomalies (14.1%), accidents (13.5%) and
pneumonia (12.4%) [3].

The greatest risk of death from pneumonia in
childhood is associated with the neonatal period. Ac-
cording to M.D. Nissen [4] from 750 000 to 1.2 mil-
lion newborns die from pneumonia annually, which
is 10% of the total infant mortality.

WHO notes the relevance of studies to identify
the causative agents of pneumonia in children as this
is crucial for etiotropic treatment. However, the
identification of pathogens presents certain difficul-
ties [5].

The etiological structure of pneumonia in
newborns differs significantly from other age peri-
ods. The etiology and epidemiology of congenital
and neonatal pneumonia depends on the clinical
setting and the population to which the child be-
longs, the stage in the perinatal period, the child’s
gestational age and the type of pneumonia. In the
etiology of neonatal pneumonia in the transpla-
cental (hematogenous) route of infection, the
pathogens of the TORCH complex are of particular
importance: cytomegalovirus, herpetic infection,
rubella, tuberculosis, syphilis. In perinatal infec-
tion, an important role is played by group B strep-
tococci, E. coli, anaerobic bacteria, chlamydia, my-
coplasma, cytomegalovirus, Haemophilus influen-
zae, Listeria monocytogenes [6]. According to
D.M. Popovich, A. McAlhany [6], Chlamydia tra-
chomatis is the most common causative agent of
microbial sexually transmitted infections in the
United States, while chlamydial pneumonia deve-
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IyTeM, IIPH 5TOM XJIAMUITUHAHASA THEBMOHUS Pa3BH-
BaeTcs y 33 % HOBODOXKJEHHBIX. [lOCTHATAIbHBIN
IyTh HHQUIIUPOBAHUS 00yCIOBIEH KOaryjaa30Hera-
TUBHBIMU CTa(PUITOKOKKAMHU, 30JI0TUCTHIM CcTa(uI0-
KOKKOM, CUHEI'HOMHOH IaJIOYKO, aJIeHOBUPYCaAMH,
SHTEPOBUPYCAMU, IUTOMETaJI0BUPYCAMU, BUPYCAMU
rpunmna A, B, maparpunna, PC-supycamu, rpubamu
pona Candida, KUIIEUHON MAJOYKOH, MUKOOAaKTe-
pusimu TyO6epKynésa u ap. [6, 7].

Kpome Toro, pe3ysbraThl KaTaMHECTHYECKOTO
HCCIIEZIOBAHUA JIETEH ¢ BPOXKJAEHHOW ITHEBMOHUEH
JIEMOHCTPHUPYIOT, YTO JIOCTOBEPHO Yallle OHU Ha Tep-
BOM TO/y KU3HU OOJIEIOT THEBMOHUSIMU, CTEHO3H-
PYIOIIUM JIADHHTUTOM, HMEIOT JIBUTATEIbHbIE HAPY-
[IIeHUs TTOCJIE IEPEHECEHHOU SHIIedaIonaTHH HOBO-
POK/IEHHBIX TUIIOKCUYECKOTO reHe3a [5].

IIEJIb UCCJIEJJOBAHUSA

WsyunTh sTHOJNIOTHUYECKHE (DAKTOPHI U IATO-
MOpP(OJIOTUUECKHE M3MEHEHUS JIETKUX TPU BPOIK-
JIEHHOU ITHEBMOHUH Y JIeTeH.

MATEPHUAJIBI 1 METO/bI

Bcero 6b110 mcemeoBaHO 80 ucTOpHUil 60J1e3-
HEH ©W [POTOKOJIOB IATOJOT0-aHATOMHYECKHUX
BCKPBITUUA yMEpIIUX JeTed, IIOCTYIUBIINX B
naroJioro-aHaromuueckue otaenaenus I'bBY3 HCO
«Topopackas ximHHYeckass 6ospHHIA N 1», 'BY3
HCO «/leTckas ropojickas KIMHUYeCKass OOJIbHUIIA
No 1» u I'bY3 HCO «/lerckas ropozickas KInHuYe-
ckas OospHUIIA N2 3» 1. HoBocubupcka 3a 2018—
2019 rr. OLIeHUBA/INCh TAKKE JJaHHbIE, KAK I10JI, BO3-
pact, JOHOIIEHHOCTDb, JaHHbIE MPWXKU3HEHHOTO U
ITOCMEPTHOTO OAKTEPUOJIOTHYECKUX HCCIEI0BAHUM,
a TakKe Pe3ysIbTaThl THCTOJIOTUYECKOTO UCCIe0Ba-
HUs BHYTPEHHUX OPTaHOB M, YUHUTHIBAs HEPa3PhIB-
HOCTb CHCTEMBI MaTh — IUIAlleHTa — IJIOJl M POJIb
IeyeHu Kak 6aphepHOro OpraHa MpU IepuHaTaIb-
HBIX HHQEKIUAX, IJIAIEHTHI U TTeueHd [8].

PE3YJIBTATBI U OBCY:KJAEHUE

3a 2018 T. JeTajbHBIE WCXOABLI BCJIEACTBUE
BPOXK/IEHHOUW ITHEBMOHUH OBLIM OTMEYEHHI B 48 Ha-
OJIIOZIEHUSIX, UTO COCTABUIIO 73.8 % OT BceX cydaeB
JIeTaJIbHBIX UCXO/I0B. 13 48 ci1yuaeB B 7 HAOIIOEHU-
ax (14.6 %) yeTanbHBIA HCXO0JT 00YCTIOBJIEH BPOIK-
JeHHOM mnHeBMOHUeH (0CHOBHOe 3abojieBaHUe); B
7 ciydasx (14.6 %) BpokIeHHas MTHEBMOHUA ObLIa
MPOsIBJIEHUEM PAaHHETO HEOHATAJIBHOTO CEIICHCA; B
6 Habmoaenusx (12.5 %) — 1M03/IHET0 HEOHATAJIbHO-
TO Cemcuca; B 24 ciydasax (50.0 %) — reHepain30-
BAHHOHM BHYTPUYTPOOHOU MH(MEKINY; B 4 CIyJasx
(8.3 %) mMHEBMOHUsI BBICTyNaJa KaK OCJIOXKHEHUE
OCHOBHOTO 3a00J1€BaHUS.

lops in 33% of newborns. The postnatal route of
infection is associated with coagulase-negative
staphylococci, Staphylococcus aureus, Pseudomo-
nas aeruginosa, adenoviruses, enteroviruses, cy-
tomegaloviruses, influenza A, B, parainfluenza vi-
ruses, RS viruses, fungi of the genus Candida,
Escherichia coli, mycobacteria of tuberculosis, etc.
(6, 71.

In addition, the results of a follow-up study of
children with congenital pneumonia demonstrate
that they are significantly more likely to suffer from
pneumonia, obstructive laryngitis in the first year of
life, and have movement disorders after prior neona-
tal encephalopathy of a hypoxic genesis [5].

AIM OF THE RESEARCH

To study the etiological factors and pathomor-
phological changes in lungs in congenital pneumonia
in children.

MATERIALS AND METHODS

In total, 80 case histories and autopsy records
of deceased children admitted to the anatomic pa-
thology departments of City Clinical Hospital No. 1,
Children’s City Clinical Hospital No. 1 and Chil-
dren’s City Clinical Hospital No. 3 of Novosibirsk in
2018-2019. Such parameters as gender, age, matu-
rity, data from intravital and postmortem bacterio-
logical tests, as well as the results of histological ex-
amination of internal organs and, taking into ac-
count the continuity of the mother — placenta — fe-
tus system and the role of the liver as a barrier organ
in perinatal infections, placenta and liver, were eval-
uated [8].

RESULTS AND DISCUSSION

Over 2018, fatal outcomes due to congenital
pneumonia were noted in 48 observations, which
amounted to 73.8% of all fatal outcomes. Of the 48
cases, in 7 cases (14.6%), the fatal outcome was due
to congenital pneumonia (the underlying disease); in
7 cases (14.6%), congenital pneumonia was a mani-
festation of early neonatal sepsis; in 6 cases (12.5%) —
late neonatal sepsis; in 24 cases (50.0%) — general-
ized intrauterine infection; in 4 cases (8.3%) pneu-
monia acted as a complication of the underlying
disease.

Fatal outcomes were more often observed in
boys — 26 cases (54.2%), than in girls — 22 (45.8%).
The largest number of deaths from congenital pneu-
monia was observed in premature infants — 44 cases
(91.7%), in term infants — 4 cases (8.3%).
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JlertasibHBIE HCXOABI dYalle HaOJIOJaINCh Y
MaJIbYUKOB — 26 ciy4aeB (54.2 %), 4eM y IeBOYEK —
22 (45.8 %). HauboJsiblilee KOJIUYECTBO CJIyUaEeB
CMEPTH OT BPOKIEHHON ITHEBMOHMH OTMEUYaJIOCh Y
HEJIOHOIIIEHHBIX — 44 caydas (91.7 %), y JOHOIIeH-
HBIX HOBOPOXKIEHHBIX — 4 ciaydas (8.3 %).

JlocyTouHasi JIeTaIbHOCTh HOBOPOJKIAEHHBIX OT-
MeJasiach B 3 HaOoaeHuAX (6.25 %), B paHHUU HEO-
HaTaJIbHBIN IEPUOS (J10 7 CyT) — B 23 ciy4asix (47.9 %),
B IO3JHUI HEOHATAJIBHBIA Mepuoz (I0 1 Mec KHU3-
HH) — B 15 ciiydasx (31.25 %). CMepTh JieTel, HacTy-
MUBIIIAS Yepe3 1 MeCHI] JKU3HU, — 7 ciy4daes (14.6 %).

Ilpu commocTaBIeHHH KJIMHUYECKOTO U IIaTOJIO-
r0-aHATOMUYECKOTO JUArHO30B OBLIO BBISBJIEHO
3 PacXOosK/IeHUs IUaTHO30B (6.25 %).

Hawubosiee yacto mpu MaTOJIOTO-aHATOMHYECKOM
HCCJIEIOBAaHUH Ha0JTI0/1a1ach MOPQOIOTHYecKasi Kap-
THHA WHTEPCTULNATILHO-IECKBAMATUBHON ITHEBMO-
HUH — 31 ciydai (64.5 %). Pexke oTMeuauch ciie/yro-
Iye TUCTOoIornyYeckrie (hOpMbI THEBMOHHU: THOHHO-
HEKpOTHYecKast — 10 ciy4aeB (20.9 %), hubpuHO3HO-
JleCKBaMaThBHass — 5 caydaeB (10.5 %) u
WHTEPCTULNATBHO-3KCCYIATUBHAS — 2 cy4ast (4.1 %).

IIpu nposenmenun IIIP-guarHOCTHKHM ayTOI-
CUMHOTO MaTepuayia IIOJIOKUTEJIPHBIH Pe3ysIbTaT
OBLI ITOJIYYEH TOJIBKO B 2 cIrydasix (4.2 %): Bupyc dn-
mreiina — Bapp u Enterobacter aerogenes + Sta-
phylococcus aureus. ITpyr TMMYyHOTHCTOXUMHUYECKOM
HCCJIEIOBAHUN OB TOJIBKO OJWH ITOJIOKUTETbHBIN
pesysbTar (2.1 %) — BUpYC replieca 2-TO THIIA.

[Tos10KUTEIBbHBIE PE3YJIBTATHI IPUKU3HEHHOTO
6aKTEPUOJIOTHYECKOTO  HCCIIEIOBAHUS ~ MOKPOTHI
OBLIN MTOJIYUeHbBI TOJIBKO B 5 Hab 0eHusX (10.6 %).
IIpy BBIIOJIHEHUN 0AKTEPUOJIOTHYECKOTO HUCCIIENO0-
BaHUs ayTOICHHHOIO MaTepuajga B 12 ciydasx
(25 %) OBUTH TTOJTYUEHBI TTOJIOKUTEIbHBIE PE3yJIbTa-
ThI (TabJ1. 1.). Yale Bcero BO30y/TUTEISAMU ITHEBMO-
uuil sBasumich Klebsiella pneumoniae — 4 ciyuast
(33.3 %), Enterobacter aerogenes — 2 ciayyas
(16.7 %), Escherichia coli — 2 cayuas (16.7 %),
Streptoccocus pluranimalium — 1 ciyyati (8.33 %),
Pseudomonas aeruginosa — 1 ciayvaur (8.33 %).
Mukcr-uHpeKknun ObLIM TIPECTABIEHbI CJIEAYIO-
UM couetanueM: Acinetobacter baumannii + Can-
dida albicans — 1 ciyuaii (8.33 %).

CoBmajieHre pe3ysIbTaTOB MPUKU3HEHHOIO U
[IOCMEPTHOI'O 0AKTEPUOJIOTHYECKOTO UCC/IENOBAHMUS
OTMEYEHO TOJIBKO B 1 CJIyJae.

B 37 cayuasx (77.08 %) Bpoxk/IeHHAs] ITHEBMO-
HHUsA ObLJIA COCTAaBHOU YaCThIO T'€HEPATU30BAHHOTO
nHGEKIMOHHOTO mpolecca (HEOHATAIBHOTO CEIlCHU-
ca, BHyTPpUYTPOOHOH NH(MEKINHN), U IOMUMO JIETKUX
0OHApYKUBAJIN IOPAYKEHUS APYTHX OPTaHOB: CEPII-
na (IpPOAYKTHBHBIA MHUOKApAUT) — 8 CiIydaeB
(23.5 %); kueyHOro TpakTa (KaTapaJbHBIN SHTeE-

Daily neonatal mortality was noted in 3 cases
(6.25%), in the early neonatal period (up to 7 days) —
in 23 cases (47.9%), in the late neonatal period (up to
1 month of life) — in 15 cases (31.25%). The death of
children that occurred after 1 month of life — 7 cases
(14.6%).

In comparing clinical and pathomorphological
diagnoses, 3 discrepancies in diagnoses (6.25%)
were revealed.

The morphological pattern of desquamative in-
terstitial pneumonia was most often observed during
the pathomorphological examination — 31 cases
(64.5%). Less frequently, the following histological
forms of pneumonia were noted: necrotic suppura-
tive — 10 cases (20.9%), fibrinous-desquamative —
5 cases (10.5%) and exudative interstitial — 2 cases
(4.1%).

When performing PCR-based diagnostics of au-
topsy material, positive results were obtained only in
2 cases (4.2%): Epstein-Barr virus and Enterobacter
aerogenes + Staphylococcus aureus. An immuno-
histochemical assay showed only one positive result
(2.1%) — Herpes simplex virus type 2.

Positive results of intravital bacteriological ex-
amination of sputum — sputum culture — were ob-
tained only in 5 cases (10.6%). When performing
bacteriological examination of autopsy material,
positive results were obtained in 12 cases (25%)
(Table 1). The most common causative agents of
pneumonia were Klebsiella pneumoniae — 4 cases
(33.3%), Enterobacter aerogenes — 2 cases (16.7%),
Escherichia coli — 2 cases (16.7%), Streptoccocus
pluranimalium — 1 case (8.33%), Pseudomonas ae-
ruginosa — 1 case (8.33%). Mixed infections were
represented by the following combination: Acineto-
bacter baumannii + Candida albicans — 1 case
(8.33%).

The coincidence of the results of intravital and
postmortem bacteriological examination was noted
only in 1 case.

In 37 cases (77.08%), congenital pneumonia
was a principal part of the generalized infectious
process (neonatal sepsis, intrauterine infection),
and in addition to the lungs, lesions of other organs
were found: heart (productive myocarditis) —
8 cases (23.5%); intestinal tract (catarrhal entero-
colitis) — 15 cases (44.1%), liver (hepatitis) —
12 cases (35.3%); brain (meningoencephalitis) —
8 cases (23.5%), kidney (nephritis) — 3 cases
(8.8%), pancreas (pancreatitis) — 5 cases (14.7%),
septic spleen — 5 cases (14.7%). In all cases, acci-
dental thymic involution of grade 2—5 was noted.
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pokoJiuT) — 15 HaOmoaeHui (44.1 %), ieueHu (re-
maTuThl) — 12 HabaomeHuil (35.3 %); rOJIOBHOrO
mo3ra (MeHUHTORHIEDATUT) — 8 HAOTIOAEHUH
(23.5 %), mouku (Hedpur) — 3 ciyuas (8.8 %), moa-
JKeJIyJIouHas jkesne3a (IaHKpeaTUT) — 5 HaOJIIoze-
HUuil (14.7 %), cenTUUecKas cele3éHKa — 5 CIy4JaeB
(14.7 %). Bo Bcex cimyyasix OTMeUaTH aKIUEHTAIb-
HYI0 WHBOJIIOIUIO TUMYyca 2—5-H cTeneHu. Takum
oOpaszoM, HauboJiee YaCTO BBIABJISIN ITOPAKEHHE
KUIIIEYHUKA, IEY€HU U CEPAIIa.

Cpenu renmaTUTOB MOPGOJIOTHYECKAsT KapTUHA
MPOAYKTUBHOTO JIOOYJIIPHOTO TeraTuTa HabJIIoma-
J1ach B 6 ciaydasix (50 %), THCTOJIOTHYECKU ObLIa OJ1-
HOTHUITHON — ouaroBasi HHGUIbTpaIusa Makpodara-
MU ¥ HeUTpoduIaMu ¢ IpuMechio IUMQOIUTOB 1e-
PHUIIOPTATIBHBIX IPOCTPAHCTB U 10 XOIy CUHYCOHU/IOB.
OcrasibHbBIE 6 CTyYaeB MPUXOUINUCH Ha CIIEAYIOIITE
mopdosiornueckue GOPMBI: 3 CIydas THTAHTOKJIe-
TOYHOTO TEelaTUTa W 3 CJydash THOMHO-HEKPOTHU-
YeCcKOro remaTura.

W3 29 u3yyeHHBIX IUIAIEHT B 24 CIy4asx
(82.8 %) ObLIa BBIABIIEHA XPOHUYECKAS IIA[EHTAP-
Hasi HEIOCTAaTOYHOCTh, CyOKOMIIEHCHPOBaHHas pop-
Ma, B OJTHOM ciydae (3.5 %) — JeKOMIIeHCUPOBaH-
Hast ¢popMma, B 4 ciaydasax (13.7 %) — KOMIIEHCHUPO-
BaHHas1. [IpakTHUeCKU BO BceX HAOIIOIEHUAX B ILIa-
[IEHTe OTMEYa/IM BOCHAJIUTEbHbIE TIPOSBIICHUS:
0a3aJIbHBIN JENHUIYUT, TAPUETATLHBIA XOPHOJIEIH-
JIYUT U BWLIY3UT — OT XPOHUUECKOTO, BHE 000CTpe-
HUsA, 10 OCTPOTO THOWHOTO C HCXOZIOM B CKJIEPO3
BOPCHH C HAJIMYKMEM IICEBIONMHMAPKTOB IJIAIIEHTHI.

Thus, intestine, liver and heart lesions were most
frequently detected.

Among hepatites, the morphological picture of
productive lobular hepatitis was observed in 6 cases
(50%), histologically it was of the same type — focal
macrophagal and neutrophil infiltration of peripor-
tal spaces and along sinusoids, with an admixture of
lymphocytes. The remaining 6 cases accounted for
the following morphological forms: 3 cases of giant
cell hepatitis and 3 cases of necrotic suppurative
hepatitis.

Of the 29 examined placentas, in 24 cases
(82.8%), the chronic placental insufficiency in sub-
compensated form was revealed, in one case
(3.5%) — decompensated, in 4 cases (13.7%) — com-
pensated form. In almost all cases, inflammatory
manifestations were noted in placenta: basal decidu-
itis, parietal choriodeciduitis and villusitis — from
chronic, without exacerbation, to acute — suppura-
tive, resulting in villous sclerosis, with placental
pseudoinfarctions.

In 2019, the congenital pneumonia mortality
rate was 32 cases — 60.4% of all autopsies.

Out of 32 cases, in 13 (40.6%) the fatal outcome
was due to congenital pneumonia (underlying dis-
ease); in 15 (46.9%), congenital pneumonia was a
part of early neonatal sepsis; in 2 (6.25%) — late neo-
natal sepsis; and in 2 cases (6.25%) — generalized
intrauterine infection.

Ta6smuna 1. CpaBHEHME PE3YJ/IBTaTOB IPUKU3HEHHBIX U TIOCMEPTHBIX OaKTEPUOJIOTMYECKIX HCCIIE0BAHMUI JIETKUX B 2018 T.
Table 1. Comparison of the results of intravital and postmortem bacteriological examinations of lungs in 2018

[pu>Ku3HEHHOE 6AKTEPUOTIOTUYECKOE HCCIIEI0BAHIE
Intravital bacteriological examination

ITocMepTHOE GAKTEPUOIOTMYUECKOE UCCIIEZIOBAHUE
Postmortem bacteriological examination

Pocra Het / No growth
Pocra Het / No growth
Pocra Het / No growth
Pocra Het / No growth
Escherichia coli
Klebsiella pneumonia

Pseudomonas aeruginosa + Enterobacter aerogenes +
Staphylococcus aureus

Pseudomonas aeruginosa, Enterobacter aerogenes
Pocra Het / No growth

Pocra Het / No growth

Pocra Het / No growth

Pocra Het / No growth

Pocra Het / No growth

Pocra Het / No growth

Pocra Het / No growth

Pseudomonas aeruginosa + Klebsiella pneumonia

Enterobacter aerogenes
Escherichia coli
Streptoccocus pluranimalium
Enterobacter aerogenes
Pocra Het / No growth

Pocra Het / No growth

Pocra Het / No growth

Pocra Het / No growth

Staphylococcus aureus

Klebsiella pneumonia

Candida albicans + Acinetobacter baumannii
Escherichia coli

Klebsiella pneumonia

Pseudomonas aeruginosa

Klebsiella pneumonia

Klebsiella pneumonia
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3a 2019 T. JIETATLHOCTh OT BPOXK/IEHHOU ITHEB-
MOHHH COCTaBHJIa 32 cirydast (60.4 %) oT aucsia Bcex
[1aTOJIOT0-aHATOMUYECKUX BCKPBITHMH.

W3 32 ciayuaeB B 13 Hab o/ieHUsX (40.6 %) Jte-
TaJIbHBIA UCXO07] 00YCIOBJIEH BPOXKIEHHOU ITHEBMO-
Huelr (OocHOBHOe 3abojieBaHUE); B 15 CJIydasx
(46.9 %) BpOK/IeHHAs] THEBMOHUS SIBUJIACH YACTHIO
paHHEro HeOHATAJILHOTO CEIICKCa; B 2 HAOJIIOIEHUIX
(6.25 %) — MO3AHEr0 HEOHATAJBHOTO CEIICHCa; B
2 cayvasnx (6.25 %) — reHepaJIM30BaHHOW BHYTPHU-
YTpOOHOU MHQEKITIH.

JleTasibHBIE UCXOIBI YaIlle HAOTI0AATUCh Y MaTh-
YUKOB — 22 Habuoienus (68.75 %), ueM y JI€BOUEK
(10 mHabmoAeHu — 31.25 %). Haubosiblee Kosmde-
CTBO CJIy4a€B CMEPTU OT BPOXKIEHHOU IMHEBMOHHH
OTMEYAJIoCh y HeJIOHOIIEHHBIX — 26 (81.25 %), v m0-
HOIIIEHHBIX HOBOPOXKIEHHBIX — 6 cydaes (18.75 %).

JlocyTouHas JIeTaIbHOCTH HOBOPOXKJIEHHBIX OT-
Meuasiach B 2 ciaydasax (6.25 %), B paHHUI HeOHa-
TJIBHBIU TIEPHOJT (710 7 ¢yT) — B 10 ciaydasx (31.25 %),
B MO3IHUN HEOHATAJIbHBIN MEPUO (0 1 Mec Ku3-
HHU) — B 10 ciy4asx (31.25 %). CMepTh JeTeii, HacTy-
MMUBIIIAS Yepe3 1 Mec )KU3HHU, — 10 ciiyuaes (31.25 %).

IIpu comocTaBIeHUN KJIMHUYECKOTO U TaTOJIO-
r0-aHATOMUYECKOTO JHArHO30B OBLIO BBISBJIEHO
5 PaCcXOKJeHUH TUarHo30B (15.6 %).

Mopdosornueckass KapTHHA XapaKTepHU30Ba-
Jlach IByMs BapuaHTaMW. B mepBOoM oTMeuasach
Mopdosiornueckasi KapTHHA OpPOHXOITHEBMOHUH:
MMOJTHOKPOBHE COCY/IOB M OTEK MHTEPCTHUIUS, Uepe-
JIOBAaHKE yYaCTKOB JIUC- U aTEJIEKTa30B C y4aCcTKaMuU
pAacCIIMPEeHHBIX aJTbBE0JI, 3aII0JTHEHHBIX HKCCYAATOM
reMOppParuyeckoro I CePO3HO-THOMHOTO XapakK-
Tepa, JleCKBaMaIysi SIIUTEJHS AJTbBE0JI, OPOHXUOI U
6pouxoB. [Ipu BTOpoM BapuaHTe HAOJIIOAIN MOP-
(dostornueckre TMPOSABIEHUA WHTEPCTUIIHATBHO-
JIECKBAMATUBHON MMHEBMOHHU (pHC. 1): MTOJTHOKPO-
BHE COCYZIOB, CKJIEPO3 MEKaIbBEOJIAPHBIX IIEPEro-
POOK C JIEUKOIUTAPHON MHQUIbTPAIUel, lecKBa-
Maluel aJibBEOJIOIIUTOB, BCTPEYAINCH THATMHOBbIE
MeMOpaHbl pa3HON IABHOCTH, OYaru SMQU3EMBI.
WHorzaa B cau3ucToi 6poHX0B HabJII0/1a1ach 0Yaro-
Bas IVIOCKOKJIETOUHAS METAIlJIa3HsI.

IIpu npoBenennu I111P-auarHocTUKy ayTONCUH-
HOTO MaTrepuaja IIOJIOKUTEIbHBIH pe3ysbTaT ObLI
MOJIy4YeH B 5 caydasax (15.6 %), U3 HUX B 2 Caydasx
OB BBISBJIEH IIUTOMETAJIOBUPYC, B OTHOM CJIydae —
BHUpYC IPOCTOrO repreca 2-To Tuma, Toxoplasma
gondii u Streptococcus pneumoniae — 1o 1 CIy4aro.

[TosoKUTETbHBIE PE3YIbTATHl MPHKU3HEHHOTO
6aKTEPHOJIOTMIECKOTO UCCIIEZIOBAHM S MOKPOTBI OBLITH
ITOJIy9EeHbI TOJIBKO B 9 HaOJrOIeHusX (28.1 %). [Toso-
JKUTEJIbHBbIE Pe3yJIbTaThl OAKTEPUOJIOTHYECKOTO HC-
cienoBaHus (PparMeHTOB JIETKUX — B 12 CJIy4yasx
(37.5 %) (Tabs. 2). Yaire Bcero BBISABJISIM MUKCT-

Fatalities were more often reported in boys than
in girls — 22 (68.75%) and 10 observations (31.25%)
respectively. The largest number of deaths from con-
genital pneumonia was observed in premature in-
fants — 26 (81.25%), while in term infants — 6 cases
(18.75%).

Daily neonatal mortality was registered in 2 cas-
es (6.25%), in the early neonatal period (up to
7 days) — in 10 (31.25%), and in the late neonatal
period (up to 1 month of life) — in 10 cases (31.25%).
Death of children after 1 month of life — in 10 cases
(31.25%).

When comparing the clinical and postmortem
diagnoses, 5 discrepancies in diagnoses (15.6%) were
revealed.

The morphological picture was characterized
by two variants. In the first, the morphological pat-
tern of bronchopneumonia was noted: vascular
congestion and interstitial edema, alternation of ar-
eas of dys- and atelectasis with areas of dilated al-
veoli, filled with exudate of hemorrhagic or seropu-
rulent nature, desquamation of the alveolar, bron-
chiolar and bronchial epithelium. In the second
variant, morphological manifestations of desqua-
mative interstitial pneumonia were observed
(Fig. 1): vascular congestion, sclerosis of interalveo-
lar septa with leukocyte infiltration, desquamation
of alveolocytes, hyaline membranes of various ages,
foci of emphysema were found. Sometimes focal
squamous metaplasia was observed in the bronchial
mucosa.

When performing PCR-based diagnostics of au-
topsy material, a positive result was obtained in
5 cases (15.6%) of which cytomegalovirus was detect-
ed in 2 cases, in one case — Herpes simplex virus
type 2, Toxoplasma gondii and Streptococcus pneu-
moniae — 1 case each.

Positive results of intravital bacteriological
examination of sputum were obtained only in
9 cases (28.1%). Positive results of bacteriological
examination of lung specimens were observed in
12 cases (37.5%) (Table 2). Mixed infection was
most often detected — 4 cases (33.3%). The caus-
ative agents of the mixed infection were represent-
ed by bacterial-bacterial combinations: Staphylo-
coccus epidermidis + Klebsiella pneumoniae +
Pseudomonas aeruginosa; Acinetobacter bau-
mannii + Klebsiella pneumoniae; Klebsiella pneu-
moniae + Staphylococcus haemolyticus; Klebsiel-
la pneumoniae + Staphylococcus haemolyticus +
Enterococcus faecalis. In other cases, according to
the results of bacteriological postmortem exami-
nation, the causative agents of congenital pneu-
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Puc. 1. [ToHOKpOBUE COCy/10B, TuMboMakpodarasibHas HHQUIBTPAIUS U CKJIEPO3 MEKaIbBEOJISIPHBIX IIEPETOPOIOK
(oxa3aHo CTpeIKaMu), IeCKBAMAIIHs aJIbBE0JIOUTOB, 04ark aMbuseMbl. OKpacKa reMaTOKCHJINHOM U 303UHOM.
YBennuenue (yB.) 200
Fig. 1. Vascular congestion, lymphomacrophagal infiltration and sclerosis of interalveolar septa (shown by arrows),
desquamation of alveolocytes, foci of emphysema. Hematoxylin and eosin staining. Magnification (magn.) 200

uHbpekuo — 4 caydas (33.3 %). Bosbymaurenn
MUKCT-HHQEKIMY ObUIM TIPEJICTABIEHbI OaKTEPH-
aIbHO-0aKTepUAbHBIMU  coueTaHusAMU: Staphylo-
coccus epidermidis + Klebsiella pneumoniae + Pseu-
domonas aeruginosa; Acinetobacter baumannii +
Klebsiella pneumoniae; Klebsiella pneumoniae + Sta-
phylococcus haemolyticus; Klebsiella pneumoniae +
Staphylococcus haemolyticus + Enterococcus faecalis.
B ocraspHBIX CJIydasx IO pe3yJsbTaraM 6aKTepHOJIo-
TMYECKOTO MMOCMEPTHOTO KCCJIEIOBaHUS BO30OyAUTE-
JIIMU BPOJKIEHHOU IHeBMOHHWHU craiu: Escherichia

monia were: Escherichia coli — 2 cases (6.25%);
Pseudomonas aeruginosa — 2 cases (16.7%); Aci-
netobacter baumannii — 1 case (8.33%), Entero-
coccus faecalis — 1 case (8.33%), Enterobacter
aerogenes — 1 case (8.33%), Klebsiella pneumo-
niae — 1 case (8.33%).

Based on the data presented, the largest per-
centage was accounted for by mixed bacterial flora,
and the most common causative agents of congenital
pneumonia were Klebsiella pneumoniae, Acineto-
bacter baumannii, Pseudomonas aeruginosa, Esch-

Taosauna 2. CpaBHeHHE Pe3yIbTaTOB IPHXKU3HEHHBIX U IOCMEPTHBIX OAKTEPHOJIOTUIECKHUX UCCIIEOBAHUN JIETKUX

B2019T.

Table 2. Comparison of the results of intravital and postmortem bacteriological examinations of lungs in 2019

[pr>Ku3HEHHOE 6AKTEPUOTIOTUYECKOE HCCIIE0BAHIE
Intravital bacteriological examination

ITocMepTHOE GaKTEPHOIOTMUECKOE UCCIIeZIOBAHUE
Postmortem bacteriological examination

Staphylococcus epidermidis
Pocra Het / No growth
Pocra Het / No growth

Staphylococcus epidermidis + Klebsiella pneumoniae +
Pseudomonas aeruginosa

Staphylococcus epidermidis

Klebsiella pneumoniae

Staphylococcus aureus + Klebsiella pneumoniae
Escherichia coli

Klebsiella pneumoniae + Pseudomonas aeruginosa +
Staphylococcus epidermidis

Streptococcus B

Acinetobacter baumannii + Enterobacter aerogenes
Pocra Het / No growth

Pocra Het / No growth

Acinetobacter baumannii
Escherichia coli
Klebsiella pneumoniae

Staphylococcus epidermidis + Klebsiella pneumoniae +
Pseudomonas aeruginosa

Acinetobacter baumannii + Klebsiella pneumoniae
Klebsiella pneumoniae + Staphylococcus haemolyticus
Pseudomonas aeruginosa

Escherichia coli

Pseudomonas aeruginosa

Pocra Het / No growth
Enterobacter aerogenes
Enterococcus faecalis

Klebsiella pneumoniae + Staphylococcus haemolyticus +
Enterococcus faecalis
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coli — 2 ciyuas (6.25 %); Pseudomonas aeruginosa —
2 cayuast (16.7 %); Acinetobacter baumannii — 1 cty-
vaii (8.33 %), Enterococcus faecalis — 1 ciydaii
(8.33 %), Enterobacter aerogenes — 1 ciydai
(8.33 %), Klebsiella pneumoniae — 1 ciryuaii (8.33 %).

Wcxo/ist U3 IpeCTaBAeHHbIX JAHHBIX, HAUOO0Ib-
IIUH POIEHT IIPUXOAUJICA Ha CMEIIaHHY0 OaKTepu-
aspHy10 (GJI0pYy, a HarboJIee YaCTo BCTPEYAIOIIMIICS
BO3OYIUTENSIMUA BPOKJIEHHON ITHEBMOHHUU OBLIH
Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa, Escherichia coli, siBnsto-
[ecs STHOJIOTUYECKUMH (haKTOpaMu IIPU HUHTPa-
HaTaJIbHOM WHGUIMPOBAHUH HOBOPOKIEHHBIX, a
TaK)Ke TUITMYHOU BHYTPUOOJIbHUIHOHN (QIopoii [9].

Hcxonst u3 JaHHBIX CPABHEHUSA MPHUKU3HEHHBIX
U TIOCMEPTHBIX OHAKTEPUOJIOTUUECKHX [TOCEBOB, OBLIO
BBISIBJIEHO UX COBITaJIEHUE B 5 coIydasx (41.7 %).

ITockosibKy B 19 HabmoAeHusX (59.4 %) BpOK-
JIEHHAs ITHEBMOHMS ObLJIa COCTABHOHN YaCThIO TeHe-
payIM30BaHHOTO WH(EKIMOHHOrO mpoliecca (cercu-
ca, BHYTPUYTPOOHOU MH(QEKINHN), TO HAPSIAY C JIET-
KHMH OTMEUYa/INCh IOPa’KEHMSA W JAPYTUX OPraHOB:
cepana (Muokapaut) — 2 caydas (10.5 %); Kuiey-
HOTO TpakTa (PHTEPOKOJMUTHI) — 11 HAOIIOAEHUH
(57.9 %), meyenu (remaTUThl) — Q HAOIIOAEHUH
(47.4 %); ronoBHOTO MO3Tra (MEHUHTOZHIE(ATUT) —
6 HaboeHni (31.6 %). Bo Bcex caydyasx oTMedasnu
aKIU/IEHTAIbHYI0 WHBOJIIONMIO TUMyca 2—4-U Cre-
rnenn. Takum 00pa3om, HaubOJIee YaCTO BBISBIISIN
[opaXkeHre KUIIeYHUKA U TIeYeHH.

IIpu MOpGOJIOrMIECKOM HCCIIEIOBAHNY B II€Ue-
HM HaOJIIOJaMd MPEUMYINEeCTBEHHO KapTUHYy ¢e-
TAJIBHOIO TelaTHTa: ITOJHOKPOBHE COCY/IOB, Hapy-
meHre OaJOYHOTO CTPOEHHs IIEYEHH, METKO- U
KPYIIHOBAKyOJIbHYI0O  JUCTPOMHUU  TemaToIUTOB,
BIUIOTH JIO HEKPO30B TeIIaTOI[UTOB, HAJIMYKME MHOIO-
SZIEPHBIX TeIIaTOIUTOB; OTMEYAINCh MH(MWIbTPALIUS
[IOPTAJIBHBIX TPAKTOB JIMMMOUIHBIMUA KJIETKAMH,
[JIA3MOIUTAMH, D03WHOGUIAMH, XOJIECTa3, O4Yaru
reMoII033a, IEPUIIOPTAIbHBIH Gubpo3 (puc. 2).

W3 19 u3yYeHHBIX IUIAIEHT B 13 CIy4aax
(68.4 %) ObLIa BRIABIEHA XPOHUYECKAS IIAI[EHTAP-
Hasi HEJOCTaTOYHOCTh, CYOKOMIIEHCHPOBAHHAT; 1€~
KOMIIeHCHPOBaHHas1 ¢GopMa BCTpevyaiach B 5 cayda-
X (26.3%), KOMIIEHCUPOBAHHASI — B OJTHOM CJIy4ae
(5.3%). IlpakTryecku BO BceX HAOTIOAEHUAX B LIA-
[IEHTe OTMEeYa/lM BOCIHAJIUTEIbHbIE W3MEHEHUS B
BH/ie 6a3aJIPHOTO IEHU/IYHTA, TAPUETATHHOIO XOPH-
OJIEIUIYUTA U BUJUTy3UTA — OT XPOHUYECKOTO, BHE
000CTpeHUsI, /10 OCTPOTO THOMHO-HEKPOTUUECKOTO, C
KCXOZIOM B CKJIEPO3 BOPCHUH, GOPMUPOBAHUEM IICEB-
JIOMH(APKTOB IIAIEHTHI.

Takum 00pa3om, B 2018 T. Ha IEPBOM MeCTe B
STHOJIOTHYECKOH CTPYKTYPE BPOXKIEHHON ITHEBMO-
HUHM OKasajach TIPaMOTPHUIATEIbHAsT MHUKPOQIIO-
pa — Klebsiella pneumoniae, Acinetobacter bau-

erichia coli which are etiological factors in intranatal
infection of newborns, as well as typical nosocomial
infections [9].

Based on the data of comparison of intravital
and postmortem bacterial cultures, their coincidence
was found in 5 cases (41.7%).

Since in 19 cases (59.4%) congenital pneumonia
was a principal part of the generalized infectious pro-
cess (sepsis, intrauterine infection), along with the
lungs, lesions of other organs were also reported:
heart (myocarditis) — 2 cases (10.5%); intestinal
tract (enterocolitis) — 11 cases (57.9%), liver (hepati-
tis) — 9 cases (47.4%); brain (meningoencepha-
litis) — 6 cases (31.6%). In all cases, grade 2—4 acci-
dental thymic involution was noted. Thus, the most
frequently detected lesions were of the intestine and
liver.

On morphological examination a predominant
pattern of fetal hepatitis was observed in the liver:
vascular congestion, liver plate structure disorgani-
zation, vacuolar degeneration of liver cells with small
and large droplets, up to necrosis of hepatocytes,with
the presence of multinucleate ones; infiltration of
portal tracts by lymphoid and plasma cells, eosino-
phils; cholestasis, foci of hematopoiesis; periportal
fibrosis (Fig. 2).

Of the 19 examined placentas, 13 cases (68.4%)
were found to have chronic placental insufficiency,
subcompensated; decompensated form occurred in
5 cases (26.3%), compensated — in one (5.3%). In al-
most all cases, inflammatory changes in the form of
basal deciduitis, parietal choriodeciduitis and villu-
sitis were registered in the placenta — from chronic,
without exacerbation, to acute necrotic suppurative,
with an outcome in villous sclerosis, and the forma-
tion of placental pseudoinfarctions.

Thus, in 2018, in the first place of congenital
pneumonia’s etiological profile was Gram-negative
microflora — Klebsiella pneumoniae, Acinetobacter
baumannii, Pseudomonas aeruginosa, Escherichia
coli, including Dbacterial-bacterial associations.
A similar pattern was found in 2019 — the predomi-
nant pathogens were mixed forms, represented
mainly by bacterial-bacterial combinations: Staphy-
lococcus epidermidis + Klebsiella pneumoniae +
Pseudomonas aeruginosa; Acinetobacter bauman-
nii + Klebsiella pneumoniae; Klebsiella pneumoni-
ae + Staphylococcus haemolyticus; Klebsiella pneu-
moniae + Staphylococcus haemolyticus + Entero-
coccus faecalis. Discrepancies in the results of intra-
vital and postmortem bacteriological examinations
of organs are associated with different time periods
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mannii, Pseudomonas aeruginosa, Escherichia coli,
B TOM YHCJIE B COCTaBe GaKTepHabHO-0aKTEPUATb-
HBIX aCCOIHAIUN. AHAJIOTHYHAS KapTHHA ObLIa OT-
MedeHa U B 2019 T.: peobIalaloiuMu Bo30yauTe-
JISIMU SIBJISUTHCH CMEIIaHHbIe (POPMBI, IIPE/ICTaBIIEH-
Hble B OCHOBHOM OaKTepHaJIbHO-OaKTepUaIbHBIMU
coueranusmu: Staphylococcus epidermidis + Kleb-
siella pneumoniae + Pseudomonas aeruginosa; Aci-
netobacter baumannii + Klebsiella pneumoniae;
Klebsiella pneumoniae + Staphylococcus haemoly-
ticus; Klebsiella pneumoniae + Staphylococcus hae-
molyticus + Enterococcus faecalis. PacxoxaeHus
PEe3y/IbTaTOB MPUKU3HEHHBIX U IIOCMEPTHBIX OaKTe-
PHOJIOTHYECKHX HCC/IEIOBAHUI OPTaHOB CBSI3aHBI C
Pa3HBIMH BPEMEHHBIMH OTpe3KaMu 3a60pa MaTepu-
aJia, MpoBeJIeHHOU (HEPEeIKO MacCUBHOM) aHTUOAK-
TepPUAJIbHON Tepamnuei, 0COOEHHOCTSIMU yCTOUYUBO-
CTH HEKOTOPBIX IITAMMOB OaKTEPUH B OKPYKAIOIIEN
Cpe/ie ¥ PE3UCTEHTHOCTU K AHTUONOTHKAM, JIJTUTE b~
HBIM, HEPEJIKO C POKIEHS, HAXOXK/IEHUEM MalieH-
toB Ha MBJI. ITo nanusiM G. Vijay et al. [10], ocHOB-
HBIMH BO30YIUTEISIMU THEBMOHUH Y JIeTEN, HAXOISI-
muxcst Ha UBJI, cranmu: Hanbosee uacto Acinetobacter
(47 %), 3a xoropsIM ciemoBasu Pseudomonas
(28 %), Klebsiella (15 %), E. coli (5 %) u Enterobacter
(5 %). B uccnemosanuu M.S. Scamardo et al. [11]
OCHOBHBIM BO30y/IUTEIEM ITHEBMOHU, aCCOIUUPO-
BaHHBIX ¢ VBJI, siBuwnch Pseudomonas aeruginosa
(28 %), Stenotrophomonas maltophilia (20 %) u xo-
aryJa3oHeraTUBHbBIE CTADPUIOKOKKH (20 %).

of material sampling; given antibiotic therapy (often
being massive), characteristic persistance of some
microbial strains in the environment and antibiotic
resistance; long-term, often from birth, stay of pa-
tients on ventilator. According to G. Vijay et al. [10],
the main causative agents of pneumonia in ventilat-
ed children were: Acinetobacter the most often
(47%), followed by Pseudomonas (28%), Klebsiella
(15%), E. coli (5%) and Enterobacter (5%). In a study
by M.S. Scamardo et al. [11] the main causative
agents in ventilator-associated pneumonia were
Pseudomonas aeruginosa (28%), Stenotrophomon-
as maltophilia (20%) and coagulase-negative sta-
phylococci (20%).

The results obtained on the etiological structure
of congenital pneumonia are consistent with the data
of other studies. Thus, according to S.D. Bokonbaeva
et al. [12], of the microbial infections, Gram-positive
flora, especially Streptococcus with the prevalence of
its S. pyogenes strain, was of primary importance in
the etiology of congenital pneumonia; of staphylo-
cocci — St. epidermidis strain with a twofold pre-
dominance over St. aureus. Gram-negative flora
with a predominance of Enterobacter was in the sec-
ond place. In the etiological profile of pneumonia,
the authors also noted a combined bacterial-bacteri-
al flora, though with the same microorganisms pre-
vailing as in monoinfections. In microbial associa-
tions, Enterobacter was also found more often. So,

Puc. 2. PeranbHbli renaTut: HapyleHne 6aI0YHOTO CTPOEHUS [IEUeHU, MEJIKO- U KPYITHOBAaKyOJIbHast AucTpodun
reraToIUTOB, HEKPO3 TEIaTOIUTOB, HAJIMYKME MHOTOSIEPHBIX TeMaTOUTOB (I0KA3aHO CTPEJIKON); X0JIecTas,
UHOGUWIBTPAIYS TIOPTATIBHBIX TPAKTOB JIMMMOUIHBIMU KJIETKAMU, IIA3MOIUTAMU, S03MHOMUIAMU, OYary reMoIos3a,
[IEPUIIOPTATIBHBIHA GrOpP0o3. OKpacka reMaTOKCHINHOM U 503UHOM. YB. 200
Fig. 2. Fetal hepatitis: disturbance of liver plate structure, vacuolar degeneration of liver cells with small and large
droplets, necrosis of hepatocytes, presence of multinucleate hepatocytes (shown by an arrow); cholestasis, infiltration
of portal tracts by lymphoid and plasma cells, eosinophils, foci of hematopoiesis, periportal fibrosis. Hematoxylin
and eosin staining. Magn. 200
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ITosryueHHbIE PE3YJIBTATHI 10 DTHOJIOTHYECKOM
CTPYKTYpP€E BPOXKJEHHBIX THEBMOHHUH COIJIACYIOTCS C
JIAHHBIMH JPYTUX HCCIemoBaHui. Tak, 10 JaHHBIM
C.JI. bokoHb6aeBo#t u ap. [12], U3 MUKPOOHOU WH-
dexnuu B 5THOJIOTUM BPOKIAEHHBIX ITHEBMOHUH B
MEPBYI0 OYepeslb MMeJia 3HAaueHHEe TPaMITIOJIOKHU-
TesibHas (yiopa, 0COOGEHHO CTPENTOKOKK C IIPEBAJIU-
pOBaHMEM ero IMHUOTEHHOTO ITaMMa; U3 craduio-
KOKKOB — BIIUIEPMAJIbHBIA IITAMM C JBYKPATHBIM
npeobiazanueM Haj 30J10THCTBIM. Ha BTOpOM Me-
CTe II0 YacTOoTe — rpaMOoTpHUIlaTeIbHas (Jiopa ¢ rmpe-
obyiaaHueM SHTepoOaKTepoB. B aTHOIOTHYECKOH
CTPYKType ITHEBMOHUI aBTOPaMU OTMeYaIach U CO-
yeTaHHas OaKTepuasibHO-OakTepuaibHas ¢opa,
MpU 3TOM TPeobJIaJlaii Te K& MUKPOOPTaHU3MHBI,
YTO U IPU MOHOUHGEKIUAX. [Ipr MUKPOGHBIX acco-
[HAIUAX TAaKJKe Yallle BICEBAIUCH SHTEPOOAKTEDPHI.
Tak, B ocHoBHOM (83.3 %) oTMeuain coueTaHue SH-
TepOOAKTEPOB C TEMOJIMTHUYECKUM CTPEITOKOKKOM,
30JIOTUCTHIM CTAaUIOKOKKOM, CHHETHOHHOH IIa-
soukoii [12]. B uccnegosanuu A. Berardi et al. [13]
HaunboJiee YacTHIMU [TaTOT€HAMH IIPH [T03/[HEM HEO-
HAaTJIBHOM CeIlcrce ObLIN KOaryJia30HeraTHBHBIE
crapunokokku (21.4 %), Escherichia coli (15.1 %),
Staphylococcus aureus (12.4 %) u Enterobacte-
riaceae (12.4 %).

B uccnemosanuu A.I1. HazmeeBa u zip. [14] mo-
Ka3aHO, YTO OCHOBHBIMH BO30YIAUTEISAMH BHE-
OOJILHUYHBIX TTHEBMOHUH y B3POCJIBIX SIBJISIOTCS
npeumyiiectBeHHo  Klebsiella  pneumoniae,
Escherichia coli, Staphylococcus aureus, Pseu-
domonas aeruginosa. CXOACTBO MHUKPOOHOTO
refsaia IpH IMTHEBMOHUSX Y B3POCJBIX U JeTei
00yCJIOBJIEHO, BEPOSITHO, JIJIUTEJIHBHBIM IpebbIBA-
HHUEM 3TOH KaTEeropuu IaIieHTOB B peaHuMallH-
OHHOM OT/eJIeHUH, ucnojab3oBanuem NBJI u cme-
HOW MUKPOOHOTHI B pe3yJIbTaTe aHTHOAKTEPHUAIIb-
HOU Tepanuu.

IIpu cpaBHeHUHU JJaHHBIX 32 2018 M 2019 TrOABI
OTMeYaeTcst CHUKEHIE CMEPTHOCTH OT BPOXKIECHHOMN
naeBMonuu (73.8 % u 60.4 % cooTBeTCTBEHHO). Jle-
TaJIbHbIE WCXOJbI CAYYaJIUCh Uallle Y HeIOHOIIEH-
HBIX, UTO 00YCJIOBJIEHO aHATOMO-(HU3HUOJTOTHIECKOHN
HE3PEJIOCTHIO JIETKUX YV HEJIOHOIIEHHBIX JIETeH, 0CO-
OEHHO C DKCTpPeMaJIbHO HU3KOW Maccou Tesna [15],
0COOEHHOCTSIMH TYMOPAJIBHOTO W KJIETOYHOTO HM-
MYyHHUTETa, a TaKKe HeclenupUUeCKuX 3al[UTHbIX
¢aKTOpOB OpraHOB AbIXaHUA Y JeTeh [16]. OcHOB-
HBIMH [PUYUHAMHU PACXOKIEHUS KJIMHHUYECKOTO U
[1aTOJIOT0-aHATOMUYECKOTO JUATHO30B (B 2018 T. —
5 cJydaeB; B 2019 T. — 3 cJydasi) CTaJud CTepTas
KJIMHUKO-/1ab0opaTopHas KapTUHA, TAYKECTb COCTOSI-
HUS U KOPOTKUH eproy] IpeObIBaHUSA MAI[UEHTOB B
JIETCKOM CTaIlluoHape.

basically (83.3%) noted the combination of entero-
bacters with Streptococcus haemolyticus, Staphylo-
coccus aureus, Pseudomonas aeruginosa [12]. In a
study by A. Berardi et al. [13] the most frequent
pathogens in late neonatal sepsis were coagulase-
negative staphylococci (21.4%), Escherichia coli
(15.1%), Staphylococcus aureus (12.4%) and Entero-
bacteriaceae (12.4%).

In a study by A.P. Nadeev et al. [14] it was shown
that the main causative agents of community-ac-
quired pneumonia in adults are mainly Klebsiella
pneumoniae, Escherichia coli, Staphylococcus au-
reus, Pseudomonas aeruginosa. The similarity of
microflora in pneumonia in adults and children is
probably due to the long stay of this category of pa-
tients in the intensive care unit, as well as the use of
ventilator, and the change in microbiota following
antibacterial therapy.

When comparing data for 2018 and 2019, the
decrease in the mortality rate from congenital pneu-
monia (73.8% and 60.4% respectively) is observed.
Fatal outcomes occurred more often in premature
newborn infants, which is due to the anatomical and
physiological immaturity of lungs in premature in-
fants, especially those with very low body weight
[15]; characteristics of humoral and cellular immu-
nity, as well as nonspecific immunity factors of the
respiratory system in children [16]. The main rea-
sons for the discrepancy between clinical and post-
mortem diagnoses (in 2018 — 5 cases; in 2019 —
3 cases) were the oligosymptomatic clinical and lab-
oratory patterns, the severity of the condition and a
short stay of patients in children’s hospital.

CONCLUSION

The conducted research allows us to draw the
following conclusions:

1. Fatal outcomes due to congenital pneumonia
are more often observed in boys and mainly in pre-
mature infants.

2. Congenital pneumonia in most cases was a
part of a generalized infectious process (neonatal
sepsis, intrauterine infection) (up to 85%), with fre-
quent lesions of intestine (enterocolitis), liver (fetal
hepatitis).

3. The main etiological factors of congenital
pneumonia are Klebsiella pneumoniae, Pseudomo-
nas aeruginosa, Escherichia coli or bacterial-bacte-
rial associations of the above pathogens.

4. In morphological picture of the lungs, the
desquamative interstitial pneumonia prevailed.
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3AKIIOYEHUNE

[IpoBeneHHOE uCCIIEZOBAaHNE TIO3BOJISIET Ce-
JIaTh CJIE/IYIOIIUE BHIBOJIBI:

1. JlerasibHbIE UCXO/IbI BCJIE/ICTBHE BPOXK/IEHHOM
[MHEBMOHUU dYalle HabJIOJAI0TCI Y MaJIbUUKOB U
MIPEUMYIIECTBEHHO y HEIOHOIIIEHHBIX JIeTEH.

2. Bpok/ieHHas IMTHEBMOHUsA B OOJIBIIIMHCTBE
CJIyJaeB SIBJISIACH YACThIO TeHEPATIM30BAHHOTO HH-
(exumonHoro mporecca (HEOHATATBHBIA CEIICHUC,
BHyTpHyTpoOHass nHbeknusA) (1o 85 %), ¢ gacTbiM
[MOpayKEHNEM KHUIIEYHUKA (9HTEPOKOJIUTBI), TIEUEHN
(dbeTanbHBIN reNaTUT).
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CBEJEHUA Ob ABTOPAX

Hapnees Anexcanap IlerpoBu4 — 1-p MeJl. Hayk, IIpo-
deccop, 3aBeayromuii Kadeapoil MaToJIOruYecKor aHa-
tomuun OPI'BOY BO «HoBocubupckuil rocyznapcrbeH-
HBIN MeUIIMHCKUY yHUBepcuTeT» Munsipasa Poccun.

Kapmop Muxaua AJieKCaHAPOBUY — KaHJ. MeJ.
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JInHaAMH KA BereTaTUBHBIX peaKIUN B IMPOIECCE TPEHUPOBKHU
Y CIOPTCMEHOB CUJIOBBIX M UTPOBBIX BUJOB CIIOPTa

KpsuioBa U.@., Kynukos B.10O., ITukosckaa H.b., Konenungu T.B., IloBeTses 1. 1.

@I'BOY BO «Hosocubupckuil 2ocyoapcmeeHHblil meduyuHckuil yHugepcumem» Munsdpasa Poccuu

Strength and games-based sports athletes’ vegetative reaction
dynamics during the training process

Krylova L.F., Kulikov V.Yu., Pikovskaya N.B., Kolenchidi T.V., Povet’ev L.I.

Novosibirsk State Medical University

AHHOTAIIUA

HpOBeaeHa CpaBHHUTEJIbHasA Ol€HKa JUHAMUKU BereTaTUBHOM peryyisauu B Iponecce TDEHUPOBKU U BOCCTAaHOBJIE-

HUS Y CIOPTCMEHOB UTPOBBIX (BOJIEH00II, TEHHUC — 38 Uesl.) U CUIOBBIX (JKUY-KUTCY, KapaTe — 42 4YeJsl.) BUIOB CIIOPTa.
BospacT y9acTHUKOB UCCIEOBAHUSA — 18—25 JIeT. YCTAHOBJIEHO, YTO IIPU CXOIHBIX JIJIsI 00EUX IPYIII N3MEHEHUAX PEryJis-
UMY PUTMA CEP/ILA y CIOPTCMEHOB UTPOBBIX BU/IOB CIIOPTA CHIKEHIE IIEHTPAIBbHBIX BIIMSHUHA HA PUTM CEPAIIA BEIPAYKEHO
B 3HAUUTEJIPHO MEHbIIEH cTelleHH. BoccTaHOBIEHNE Pery/IATOPHBIX BIUSHUHN Ha cepAle obecreunBaeTcss H3MeHEeHHeM
TOTO (paKTOpa, KOTOPHIH OBLIT OCHOBHBIM B 00€CIIEUEHHH PUTMA CEP/IIla BO BPEMs TPEHUPOBKHU: ¥ CIIOPTCMEHOB UTPOBBIX
BH/IOB CIIOPTa — 32 CYET aKTUBAINH TAaPACUMIIaTUYECKUX MEXaHU3MOB, y CIIOPTCMEHOB CHUJIOBBIX BUJIOB CIIOPTA — 34 CYET
BOCCTAHOBJIEHUS HAJICETMEHTAPHBIX, PEAIN3YEMBIX Uepe3 CUMIIaTUIECKIEe IIEHTPbI, BJIVSAHIH.

Knaiouesvte ca08a: cepAeIHbIH UKL, DETYJIAINA, BereTaTuBHAsA HepBHAsA CHCTeMa, KapAXOUHTEPBaIorpadusl.

ABSTRACT

A comparative analysis of the dynamics of autonomic regulation in the process of training and recovery period in
athletes of games-based (volleyball and tennis — 38 individuals) and strength (jiu-jitsu and karate — 42 individuals) sports
was carried out. The age of the study participants was 18—25 years. It was found that with similar changes for both groups
in the regulation of the heart rate the decrease in the central nervous system influence on cardiac rate in games-based
sportsmen is less prominent. Restoration of the regulatory influences on the heart is provided by changing the factor that
was the main one in ensuring the heart rhythm during training: in games-based sports athletes due to parasympathetic
mechanisms activation; in strength sports athletes — by restoring suprasegmental influences implemented through sym-

pathetic centers.

Keywords: cardiac cycle, regulation, autonomic nervous system, cardiointervalography.

BBEJAEHUE

N3yueHrne AUHAMUKH BET€TATUBHBIX WU3MeHe-
HUH Y CHOPTCMEHOB BO BpEMsI TPEHUPOBKHU IIpecyie-
JIyeT KaK MHHUMYM JIB€ IIeJIA: ONITUMU3AUs TPEHH-
POBOYHOTO IIpOIIecca ¢ YYeTOM IIPEJICTApTOBOTO CO-
CTOSTHUS U 0COOeHHOCTEH BpabaThIBAaHUS U COXpaHe-
HU€ B3JI0POBBSI Y CIIOPTCMEHOB BBICOKOTO YDOBHS.

INTRODUCTION

The study of strength and games-based sports
athletes’ vegetative changes during the training pro-
cess has at least two aims: training process optimi-
zation taking into account readiness for action and
warming up peculiarities, as well as the health
maintenance of high-level athletes. In our opinion,
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AHanu3 OUHAMUKU BETEeTATUBHBIX PEAKIINH JI0JI-
’KeH, Ha Halll B3IVIAZ, IPOBOAUTHCA C YUeTOM JBYX
MOJIO’KEHUH: BO-IIEPBBIX, PEaKI[UsA HA Hayayo Mpo-
Iecca TPEHUPOBKHU SIBJISIETCS CTAHZAPTHOHN peaKIu-
elf opraHu3Ma, MpoTeKaIel 110 MPUHITUITY BO3MY-
I[eHNsA, ¢ aKTUBALMEeN CUMIIaTUYeCKOU YacTU Bere-
TaTUBHOM HEPBHOU CHCTEMBI, YBEJTMUEHUEM CUJIBI U
YacTOThI CepJIeYHBbIX COKpAaIlleHU!, Iepepacipesie-
JIeHHeM KPOBOTOKA U PacX0/I0M SHepreTUUecKHX 3a-
[1aCOB; BO-BTOPBIX, PEAKIIVS 3aBUCHUT, IIOMIMO HH-
JIUBU/TyaJIbHBIX BO3PACTHBIX U TeH/IEPHBIX 0COOEH-
HOCTeH, ele U OT cnenuuKy U Thuna Gu3ndeckou
aKTUBHOCTH. B 3aBumcumocTu 0T 3TOrOo (akropa B
Poccun Bce BUJbI CIIOPTa pasfieieHbl Ha ITUKINYe-
CKH€; CKOPOCTHO-CHJIOBBIE; HWIDOBBIE; €IMHOOOD-
CTBA; CJIOKHO-KOOPJAUHAIMOHHEIE. Vcxonsa u3 3To-
ro, OTJIMYAIOTCA MeTO/bl 00cIefloBaHNs U TpeboBa-
HUSA, IpebABJIeMbIe K CIOPTCMEHY.

W3yueHne TMHAMUKY BETETaTUBHOTO obecreye-
HUS TPEHUPOBOYHOTO IIPOIECCa Y CIOPTCMEHOB CHU-
JIOBBIX U UTPOBBIX BUJIOB CIIOPTA.

B umccrienoBaHUY MPUHSUIA YIACTHE JBE TPYIIIBI
IOHOIIIEH — CIIOPTCMEHOB UTPOBBIX U CHUJIOBBIX BHIOB
cropta. VirpoBble BU/IBI CIIOPTA IIPEZCTaBIEHBI BOJIEH-
OosmcraMu ¥ TeHHHcHcraMmu (38 uyes.), CHIOBble —
ObopIaMu JUKUY-DKUTCY M Kapatucramu (42 del.).
Bospact criopTemeHoB OT 18 710 25 JIeT, Bce YIaCTHUKU
o0cJieloBaHuA ABJIAIOTCA MEPBOPA3PSIHUKAMUI HJIH
MacTepaMU CIopTa. Y Bcex 00CIIeZI0BAHHBIX IOJIYIEHO
coryiacue Ha ITPOBe/IEHNE UCCIIEOBAHUA.

JI7151 OIIeHKU BEreTaTHBHOTO CTaTyca KCIIOJIb30-
BaH MeTOJ] KapAuouHTepBasorpaduu [1—4]. 3amuch
Kap/IMOMHTEPBAJIOTPAMMbI BBIIIOIHSIN C UCTIOJIB30-
BaHMEM alllapaTHO-IIPOrPaMMHOT0 KOMILTEKca hup-
mbl «Hetipocodt» (r. iBaHOBO, Poccust), TO3BOJISIIO-
IIETO 3AITUCHIBATD U IIPOBOJUTH aBTOMATUUECKYIO 00-
paboTKy JaHHBIX BaprabeIbHOCTH CEPIEYHOTO PUT-
ma (BCP) Ha mepcoHasibHOM KOMITbIoTepe. IIporpam-
Ma QopMupyeT eTalabHyI0 TabJINUIy aMILIUTYAHO-
BpEMEHHBIX XapaKTEPUCTHK aHAJIHU3UPYEMOro Kap-
JIMOKOMIUTEKCA. 3allCh KapAHONHTEPBAIOIPAMMEBI
IIPOBOAIUIACH 5 pa3: Iepes TPEHUPOBKOH, IocjIe pas-
MUHKH, [TOCJIE MAKCUMAIBPHON HATPY3KU U Yepes 15 U
30 MuH otapixa. [TosyueHnHbIe 1anHbBIe 06PAbOTAHBI C
nomoIibio nmporpammbl STATISTICA 77.0. Pe3ynbTaTsl
IIpe/ICTaBJIEHbI B BUZIE «Cpe/lHee apudMeTnIecKoe +
omrubKa cpefaaero» (M + m).

IIpu cnexrpasibHOM ananu3e BCP BaxkHOe 3Ha-
YyeHue UMeeT 00beM aHATTU3UPYeMOU BbIOOpKHU. IIpu
KOPOTKHX 3aMUCAX (5 MUH) BBIZIEJIAIOT YEThIPE IJIaB-

the analysis of vegetative regulation dynamics
should be held taking into account two important
factors. Firstly, reaction on training process begin-
ning is a usual excitation reaction with stimulation
of sympathetic part of autonomic nervous system,
increase in strength and rate of heart contractions,
blood flow redistribution and energy expenditure
rise. Secondly, apart from individual, age and gen-
der characteristics, the reaction depends on the
specificity and type of physical activity. Considering
this factor in Russia all sports are divided into sev-
eral groups: cyclical; speed-power; games-based;
martial arts; and complex coordination sports. On
this basis the examination methods and claims to
athletes differ.

The study of strength and games-based sports
athletes’ vegetative dynamics during the training
process.

Two groups of young men participated in the
study: athletes of strength and games-based sports.
Games-based sports were represented by volleyball
and tennis players (38 individuals), strength sports
by jiu-jitsu wrestlers and karatekas (42 individuals).
The participants age was from 18 to 25 years, all par-
ticipants were first-class sportsmen or masters of
sports. All participants gave their consent to the
study.

To assess vegetative status the cardiointervalo-
graphy method was used [1—4]. The cardiointer-
valogram recording was carried out with Neurosoft
hardware and software complex (Ivanovo, Russia),
which allows recording and automatic processing of
heart rate variability (HRV) data on a personal
computer. The software generates a detailed table
of the amplitude-time characteristics of the ana-
lyzed cardiocomplex. The cardiointervalogram was
recorded 5 times: before training, after warming
up, after maximum training load, and after 15 and
30 min of rest. The collected data were processed
using STATISTICA 7.0 software. The results are
presented as the arithmetic mean + error of the
mean (M + m).

In the spectral analysis of HRV the size of ana-
lyzed sample is of great importance. With short re-
cordings (5 min), four main spectral components are
distinguished. These components correspond to the
ranges of respiratory waves and slow waves of the 1%
and 2" order: TP (total power) — total power of the
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HBIX CIIEKTPaIbHBIX KOMIIOHEHTBI. DTH KOMIIOHEHTHI
COOTBETCTBYIOT JHAIla30HAM JbIXaTEIbHBIX BOJIH H
MeJIJIEHHBIX BOJIH 1-T0 U 2-T0 mopsizika: TP (total pow-
er) — obImias MOIIHOCTh CIIEKTPa B JUAala30He Yac-
toT < 0.4 ['y; HF (high frequency) — mormsocTs B /1u-
amnas3oHe BBICOKUX (0.15—0.4 ') gacToT (BOIHBI IJIH-
TeJIBHOCTBIO 2.5—6.5 ¢); LF (low frequency) — mor-
HOCTh B AuanaszoHe Huskux (0.04-0.15 I'r) gacror
(BOJTHBI ITUTENTBHOCTRIO 6.5—25 ¢); VLF (very low fre-
quency) — MOIITHOCTb B IMAIIa30HE OU€Hb HIU3KUX Ya-
cToT (£0.04 T'11) BOJIHBI IJIMTEILHOCTEIO O0JIEe 25 C).

PE3YJIBTATBI U OBCY:KAEHUE

CpaBHHUTEeNBHBIN aHAIN3 IapaMeTPOB Kapuo-
MHTEPBAJIOTPAMM Y CIOPTCMEHOB UTPOBBIX U CHJIO-
BBIX BUJIOB CIIOpPTa B IIPOIlECCE TPEHUPOBKU IIPEZ-
cTaBJjieH B Ta0JI. 1—4.

B mcxogHOM COCTOSTHMH TTapaMeTphl FeMO/IHA-
MUKH U KapAUOUHTEPBaIOrpaduy He OTIINYAIOTCS B
00cyIeIoBaHHBIX TPYIIaX, 3a HUCKJIIOUYEHUeM Besu-
yuH 00mmeld mMourHocTu crekrpa peryssinun (TP) u
BoicokouactoTHOU (HF) xommoHeHTHI criekTpa. O6-
I1ast MOIITHOCTD CIIEKTPA Pery/IANNH U BeJIMUNHA BbI-
COKOYACTOTHON KOMIIOHEHTHI JIOCTOBEPHO U 3HAUU-
TeJIbHO BBIIIIE Y CIIOPTCMEHOB UTPOBBIX BUOB CIOP-
Ta. Beicokue 3HaueHusA TP MOTyT OBITH OTpAKEHUEM
MIPEAICTAPTOBOTO COCTOSTHUSA Y BCEX CIIOPTCMEHOB, KO-
TOpPOE XapaKTePU3yeTcss BOSHUKHOBEHHUEM IIepe]] CO-
PEBHOBaHUEM WJIU TPEHUPOBKOW 00pasa IpeacTos-
IIIETO0 JEUCTBUS ¥ UPpPaUaIliel IBUTATETbHOTO BO3-
Oy»KJI€HUS ¢ MOTOPHOM 30HBI KOPBI HA JIPyTHUE HEPB-
Hble 1IeHTpH! [5]. Cienyer, BepOATHO, YIUTHIBATh U
IICUXOCOMATUYeCKHe OCOOEHHOCTH CIIOPTCMEHOB,

spectrum in the frequency range < 0.4 Hz; HF (high
frequency) power in the range of high frequencies
(0.15—0.4 Hz) (waves with a duration of 2.5-6.5 s);
LF (low frequency) power in the range of low fre-
quencies (0.04—0.15 Hz), waves with a duration 6.5—
25 s; VLF (very low frequency) power in the range of
very low frequencies (<0.04 Hz), waves with a dura-
tion of more than 25 s.

RESULTS AND DISCUSSION

The comparative analysis of strength and
games-based sports athletes’ cardiointervalography
data during training process is represented in
Tables 1—4.

In the pre-exercise state the hemodynamics
and cardiointervalography parameters of examined
groups do not differ, with the exception of the val-
ues of the total power (TP) of regulation spectrum
and high frequency (HF) spectrum component. The
total power of the regulation spectrum and the val-
ue of the high frequency component are reliably
and significantly higher in games-based sports ath-
letes. High TP values can be a reflection of the pre-
start state in all sportsmen which is characterized
by the appearance of an image of the forthcoming
action before a competition or training, and motor
activation irradiation from cerebral cortex motor
zone to other nerve centers [5]. It is probably neces-
sary to take into account the psychosomatic charac-
teristics of athletes who have chosen playing sports,
and the fact that they have much larger amount of
afferent information involved in the game: in addi-

Taﬁnnua 1. HapaMeprl KapaAuOWHTEpBaJIOrpaMMBbl Y CIIOPTCMEHOB UTPOBBIX U CUJIOBBIX BU/IOB CIIOPTAa B IIOKOE

U I10CJI€ pa3MHUHKHA

Table 1. Strength and games-based sports athletes’ cardiointervalography data before training and after warming up

Jo Harpy3ku

ITocne pasmunku H3wme-

Jlo Harpysku Ilocne pasmubaku H3me-

IMokazaTesb Before training  After warming  Henwme, % Before training  After warming  Henwue, %

Parameter (1) up (2) Change, % (1) up (2) Change, %
Urpossie / Games-based CuoBsre / Strength

YCC,yn.B1MuH 74.6 + 1.8 96.1 £ 2.5 29% 1 76.5 £2.0 103.2 £ 2.3 35%1

HR, b/min

TP, mc? (ms?) 5493.6 £ 908.8  2002.2 £ 364.5 63% | 3478.6 £ 356.4 964.6 £ 150.7 72% |

HF, mc? (ms?) 2809.0 + 571.1 820.1 + 190 70* | 928.7 +118.7 275.8 + 58.4 60* |

LF, mc? (ms?) 1689.730 + 291.8 432.9 + 65.6 74* | 1302.7 + 147.8 282.3 + 56.6 78% |

VLF, mc? (ms?) 1300.8 + 321.6 751.2 + 157.2 42 | 1223.3 + 186.5 406.5 + 71.8 66* |

HF, % 42.6 £ 2.8 32.1+3.4 23% | 28.0+2.3 24.0 £ 3.2 1|

LF, % 32.9 £ 2.0 20.1 + 4.5 38.5 £2.4 27.4 £ 2.7 28% |

VLF, % 24.3+2.9 43.2+3.4 79% 1 33.4+2.6 48.5 + 4.4 45% 1

IIpumevanue. BTabi 1—4 YCC — 4ncsI0 CEP/IEUHBIX COKPAIEHUH; ¥ pa3/IM4Yus JOCTOBEPHEHI (P < 0.05); 1 — yBeJIMUeHNe IapaMeTpa;

| — cHIXKXeHUe apamerpa.

Note. InTable 1—4 HR — heart rate; b/min — beats per 1 min; * statistically significant differences (p < 0.05); 1 — increase; | — decrease.
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Ta6auna 2. ITapamMeTps! KApAUOUHTEPBAIOTPAMMEBI ¥ CIOPTCMEHOB UT'POBBIX U CHJIOBBIX BHUJIOB CIIOPTA IIOCTIE

Pa3MUHKHU U HAT'PY3KU

Table 2. Strength and games-based sports athletes’ cardiointervalography data after warming up and training

ITocne pasmunku Ilocie varpysku Hsme-

ITocne pasmunku Ilocne Harpysku Msme-

IMokazaTesb After warmingup  After training HeHue, % After warmingup After training HeHmue, %

Parameter (2 3 Change, % (2) (3 Change, %
Urpossle / Games-based CuoBsle / Strength

YCC,yn.B1MUH 06.1+ 2.5 104.8 £ 2.2 8.3% 1 103.2 £ 2.3 118.8 £ 1.9 15*% 1

HR, b/min

TP, mc? (ms?) 2002.2 + 364.5 1775.1 + 481.1 11 964.6 £ 150.7 474.6 + 61.4 50% |

HF, mc? (ms?) 820.1 £ 190 607.7 £ 205.1 25| 275.8 £ 58.4 126.4 + 33.1 54* 1

LF, mc? (ms?) 432.9 + 65.6 668.7 + 177 54 ] 282.3 + 56.6 95.0 + 16.5 66* |

VLF, mc? (ms?) 751.2 £ 157.2 668.7 £ 177 11| 406.5 £ 71.8 253.1 + 47.0 371

HF, % 32.1+3.4 20.9 + 3.1 9.6 | 24.0 £ 3.2 24.1+ 4.2 (o}

LF, % 20.1+ 4.5 23.0+ 2.6 20 | 27.4 £ 2.7 22.8 + 3.0 13|

VLF, % 43.2+ 3.4 48.4 £ 4.1 117 48.5 £ 4.4 52.9 £ 4.5 831

BBIOPABIIINX UTPOBBIE BUABI CIIOPTA, U TO, YTO Yy HUX
B IIPOIIECCE UTPBI 33/I€HICTBOBAH 3HAUUTETHHO OOJIb-
i 00beM addepeHTHOH HHOOPMALMH: B JOIIOJI-
HeHUe K [IPOIIpUOpeLeNITOpaM ellle U 3puTesibHasd, U
BecTUOY IsIpHAasA. BosbIInii BKJIa/1 B PETYJIAIHIIO U a0-
COJIIOTHBIE 3HAUEHUs BHICOKOYACTOTHON KOMIIOHEH-
THI CIIEKTPA Y CIIOPTCMEHOB UT'POBBIX BHJOB CIIOPTa
MOXKET CBH/IETEJILCTBOBATH O BBICOKOH BO30OYAUMO-
CTU IIEHTPOB IIPOJIOJITOBATOIO MO3Ta, IIOCKOJIBKY
3TOT II0OKa3aTesb ABJIAETCA OTpaKeHHeM MOITHOCTH
JIbIXaTeJIbHBIX BOJIH B a0COJIOTHBIX U OTHOCHUTEJIb-
HBIX (B % OT CyMMapHO¥ MOIITHOCTH CIIEKTPa) BEJIH-
yuHax. BarycHasd akTUBHOCTh — OCHOBHAs COCTaB-
JIAIONIAs BRICOKOYACTOTHON KOMIIOHEHTHI CIIEKTpA.
PaszmmHKa y BceX CIIOPTCMEHOB IIPUBOJIUT K 3HA-
YUTEJIBHOMY, 710 70 % OT UCXOJHOTO YPOBHH, CHUXKe-

tion to proprioceptors they get visual and vestibular
information. A greater contribution to the regula-
tion and absolute values of the high frequency spec-
trum component in playing sports athletes, may
indicate a high excitability of medulla oblongata
centers since this parameter reflects the power of
respiratory waves in the absolute and relative val-
ues (% of the total power of the spectrum). Vagal
activity is the main part of the high frequency com-
ponent of spectrum.

Warming up for all athletes leads to a signifi-
cant, up to 70% from initial level, decrease in the
total power of the spectrum and, accordingly, all its
components. At the same time, in strength sports
athletes, the values of the low frequency and very
low frequency components reliably and significant-

Taoauna 3. IlapaMeTpsl KApAUOUHTEPBAJIOTPAMMBI ¥ CHOPTCMEHOB UT'POBBIX M CUJIOBBIX BUJIOB CIIOPTA ITOCJIE

Harpy3KH U OT/bIXa

Table 3. Strength and games-based sports athletes’ cardiointervalography data after training and recovering

Ilocne Harpysku Ilocie oTabixa U3zme- ITocne Harpy3ku Ilociie oTabIxa H3zwme-
TlokazaTess After training After recovering HeHue, % After training After recovering HeHue, %
Parameter 3 @ Change, % (3) @ Change, %
Urpossie / Games-based Cunossle / Strength
YUCC,ym.B1MUH 104.8 £2.2 88.1+2.2 15% | 118.8 £ 1.9 98.6 £ 1.8 17* |
HR, b/min
TP, mc? (ms?) 1775.1 £ 481.1 3404.7 £ 606.4  91* 1 474.6 + 61.4 023.175 £ 156.1  48% 1
HF, mc? (ms?) 607.7 £ 205.1 1402.4 + 274.2 130* 1 126.4 + 33.1 226.4 + 98.5 79* 1
LF, mc? (ms?) 668.7 £ 177 1214.809 + 81* 1 95.0 £ 16.5 463.4 £ 98.5 384* 1
261.17
VLF, mc? (ms?) 668.7 + 177 782.1 £ 137.5 171 253.1 £ 47.0 230.1 + 33.1 9]
HF, % 20.9 £ 3.1 39.7 £ 3.1 34% 1 24.1+ 4.2 27.1+ 2.8 12.51
LF, % 23.0+ 2.6 33.6 £ 2.3 43* 1 22.8 + 3.0 44.5 £ 3.1 100* 1
VLEF, % 48.4 £ 4.1 26.6 + 2.6 45% | 52.9 + 4.5 28.2+27 46% |
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HUIO OOINEeH MOIITHOCTH CIEKTPA U COOTBETCTBEHHO
BCEX €ro KOMITIOHEHTOB. IIpH 5TOM y CITOPTCMEHOB CH-
JIOBBIX BU/IOB CyIIIECTBEHHO U JIOCTOBEPHO CHIKAETCS
3HAUYEeHNEe HU3KOYACTOTHOU U OYeHb HU3KOYACTOT-
HOH KOMIIOHEHT CIIEKTpa, MapasuleJbHO C HE3HAUH-
TeJIbHBIM yBeJIMYEHHEM OTHOCUTEJIBHOTO BKJIaa
OYEeHb HU3KOYACTOTHOW KOMIIOHEHTHI. Y CIIOPTCMe-
HOB UT'POBBIX BHU/IOB BEIPA’KEHHOCTH STHX U3MEHEHU I
3HAUUTEIFHO MEHBIIlEe, OTHAKO IIPOUCXOJUT CHIKE-
HHE MOIIHOCTH BBICOKOYACTOTHOU KOMITOHEHTBHI H
YMEPEHHOE, HO JIOCTOBEPHOE CHIKEHUE ee BKJIA/Ia B
PEryJIAIuIo pUTMa cepara. Takum o0pa3om, Hauaio
TPEHUPOBOYHOTO ITPOIECCA XaPAKTEPU3YeTCs CHU-
JKEHUEM BEreTaTUBHOU PETYJSIIMU PHUTMa Ceplia.
[TapastenpHOE CHIKEHUE abOCOJTIOTHBIX 3HAYEHUU
OYEeHb HU3KOYACTOTHON KOMITOHEHTHI CIIEKTPA Y BCEX
CIIOPTCMEHOB BMECTE CO CHIKEHHEM 00IIeld MOIITHO-
CTH CIIEKTPA PETYJIAIMH MOXKET OBITh OTPaKEHHEM
CBOEOOpa3HOro nepepacipezieyieHus: GpakTopOB pery-
JISIHY C IEHTPAJIbHBIX K MECTHBIM T'YMOPAJIbHBIM U
MOHHBIM (haKTOpaM, UTO Hen30eKHO MPUBOAUT K
CUHXPOHU3AIUY ¥ CHIYKEHUIO BapHUabeIbHOCTH PUT-
Ma cepzna [6]. Mo:KHO MPEJIIOI0KUTh, YTO UMEHHO
5Tu akTophl U 0becreunBaioT 3¢ GHEKTUBHOCTD Cep-
JIEYHOU JIeSITETbHOCTA U KOPPEKTHOE KPOBOCHAOKe-
HUeE CEP/Ia, MO3Ta U CKeJIETHOU MycKyaTypsl. K Ta-
KUM (HaKTOpaM MOXKHO OTHECTH JTUTEJIBHYIO aKTH-
BAIHIO KAJIBIIMEBBIX KAHAJIOB B KJIETKAX ITPOBOJISAIIEH
CUCTEMBI Cep/illa, HAKOIUIEHHE KaJbI[hs B CApKO-
IJIa3MaTHYECKOU ceTH PAbOUMX KapUOMHUOIINTOB,
BazomsIaTaTtopubie 3(hdEKTH HOHOB BOAOPOA B CO-
Cy/laxX MO3Ta U CKeJIETHON MYCKYJIaTypHhI.

ITo mauaeivm A H. ®efimmMana [3], VLF saBiser-
¢sI XOPOIITUM WH/IUKATOPOM YIIPaBJIEHUS META00IIH-
yeckuMH Tmporieccamu. P.M. BbaeBckuii mpeamnosio-

ly decrease, along with a slight increase in the rela-
tive contribution of the very low frequency compo-
nent. In athletes of playing sports the severity of
these changes is much less, however, there is a de-
crease in the power of high frequency component
and moderate but significant decrease in its relative
contribution to the heart rate regulation. Thus, a
decrease in autonomic regulation of the heart rate
is typical for the training process beginning. A par-
allel decrease in the absolute values of the very low
frequency spectrum in all athletes together with a
decrease in the total power of regulation spectrum
may be a reflection of a peculiar redistribution of
regulatory factors from central to local humoral
and ionic ones, which inevitably leads to synchroni-
zation and a decrease in heart rate variability [6]. It
can be assumed that it is these factors that provide
the efficiency of heart activity and adequate blood
supply to the heart, brain and skeletal muscles.
These factors include the long-term calcium chan-
nels activation in cardiac conduction system cells,
calcium accumulation in the sarcoplasmic reticu-
lum of working cardiomyocyte, vasodilatory effects
of hydrogen ions in vessels of the brain and skeletal
muscles.

According to A.N. Fleishman [3], VLF is a good
indicator of metabolic processes management.
R.M. Baevsky supposed that the main (near zero)
peak of this range represents activity of supraseg-
mental, in particular hypothalamic, centers of auto-
nomic regulation, that generate slow rhythms trans-
mitted to the heart through the sympathetic nervous
system [1]. This is confirmed by the data of N.B. Has-

Taﬁnnua 4. HapaMeprI KapAUOUHTEPBAJIOTPaMMBbI Y CIIOPTCMEHOB UT'PDOBBIX U CUJIOBBIX BU/IOB CIIOPTa A0 HAIrpy3KHU

U I10CJIe OTABIXa

Table 4. Strength and games-based sports athletes’ cardiointervalography data before training and after recovering

Jlo Harpysku ITocne oTapIxa U3zme- o Harpysku Tlocnie oTapixa N3zme-

Ilokazartesib Before training After recovering Henue, % Before training  After recovering nenwue, %

Parameter @ @ Change, % (1) (4 Change, %
Urpossie / Games-based Cunossie / Strength

YCC,yn.B1MuH 74.6 + 1.8 88.1+2.2 18* 1 76.5 £2.0 98.6 + 1.8 22% 1

HR, b/min

TP, mc? (ms?) 5493.6 £ 908.8 3404.7 £ 606.4  38% | 3478.6 £ 356.4 923.175 + 156.1 73% |

HF, mc? (ms?) 2809.0 + 571.1 1402.4 + 274.2 50% | 928.7 +118.7 226.4 + 98.5 75% |

LF, mc? (ms?) 1689.730 + 291.8  1214.809 + 28% | 1302.7 + 147.8 463.4 £ 98.5 64* |

261.17

VLF, mc? (ms?) 1300.8 £+ 321.6 782.1 + 137.5 39 1223.3 + 186.5 230.1 + 33.1 81* |

HF, % 42.6 £ 2.8 39.7 + 3.1 71 28.0+ 2.3 271+2.8 31

LF, % 32.9 £ 2.0 33.6+2.3 317 38.5+2.4 44.5 + 3.1 151

VLF, % 24.3+2.9 26.6 £ 2.6 81 33.4 £ 2.6 28.2+ 27 15
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JKWJI, YTO OCHOBHOU (OKOJIOHYJIEBOH) IMHK JIAHHOTO
JIMara30Ha CBA3aH C aKTHUBHOCTHIO HaJ[CETMEHTap-
HBIX, B YACTHOCTU TUIIOTAJIaMUYECKHUX, I[eHTPOB Be-
TeTaTUBHOH PEryJIANNHU, KOTOPble TeHEPUPYIOT Me[-
JICHHBbIE PUTMBI, IE€PENAIOIINecs K CepAIy dYepe3
CUMITATHYECKYIO HepBHYyIO cucreMy [1]. ITomTBepak-
JIeHueM 3ToMy SIBJIsIOTCsS nanHbie H.B. XacrekoBoi
[7], koropas nipu nsydenuu BPC Ha 3HaUUTEILHOM
KOHTUHTeHTe OOJIbHBIX C OIyXOJISIMH TOJIOBHOTO
MO3Ta U HEBPOTUYECKUMU PACCTPOUCTBAMH YCTAHO-
BIJIA HAUOOJIBIIYIO 3aBUCUMOCTb €r0 MOIITHOCTH OT
COCTOSIHUSI HAJICETMEHTAPHBIX BEreTAaTHUBHBIX I[€H-
TPOB. ODTH JIaHHBIE JJOCTOBEPHO IOKa3aiu, 4To VLF
OTpa’kaer repedpabHble 5PTOTPOITHEIE BIUAHUA HA
HIDKeJIe)Kalllyie YPOBHU YIIPaBJIeHUs U IO3BOJISAET
CYAUTH O PYHKITMOHATLHOM COCTOSTHUM MO3TA.

CiiemyeT OTMETHUTD, UTO y CIIOPTCMEHOB HTPOBBIX
BHUJIOB BKJIAJ] OUY€Hb HH3KOYACTOTHOH KOMIIOHEHTHI
YBEJIMIMBAETCS BO BpEMS PA3MHUHKH Ha 79 %, a Y CIIOP-
TCMEHOB CWJIOBBIX BUJIOB CIIOPTA — JIKIIb Ha 45 %. C
YUeTOM CHIDKEHUsI BKJIa/Ia BBICOKOUACTOTHOM KOMIIO-
HEHTHI 3TO TOATBEPIKIAET HAIIU TPEITIOTI0KEHHS O
TOM, UTO OOJIee BBIPAKEHHAs aKTUBAIUSA 3PTOTPOII-
HBIX 30H THUIIOTAJIAMYCa Y CIOPTCMEHOB UTPOBBIX BU-
JIOB CIIOpTa OOYCJIOBJIEHA 3HAYHTEIILHO OOJiee BBICO-
kM addepeHTHBIM IIOTOKOM UMITYJICOB OT CEHCOP-
HBIX CHICTEM U HEOOXO/TUMOCTBIO OOJIBIIIEN KOHIIEHTPA-
MY BHUMAHUSI, YTO U TIEPEBOJUT KOPY U JINMOMUe-
CKYIO CHCTeMy Ha 060Jiee BHICOKUL YPOBEHDb (DYHKITHO-
HupoBaHus. CIOPTUBHBIE UTPHI OTHOCATCS K CUTYaIH-
OHHBIM BHJIAM CIIOPTa, KOTOPBIE XapaKTEPUBYIOTCS
OBICTPBIMU M3MEHEHUsIMH XapakTepa U MHTEHCHUBHO-
ctu JiBrokeHuH. IIpaBuwibHas OpHeHTaIys Ha Iojie
YT TUIONIA/IKe, KOHTAKT C WieHaMHU KOMaH bl obecrie-
ynBaeTcs (PYHKIUAMHU AHAIU3ATOPOB, B YACTHOCTH
3PUTEIBHBIM W CJIYXOBBIM. lI3MeHeHUe CTPYKTYpbI
JIBIDKEHHH TpeOyeT BHICOKOU TOJBUKHOCTH HEPBHBIX
MPOIIECCOB U BHICOKOH BO30OY/IMMOCTH U JIAOMILHOCTH
BCEX 3BeHbEB JIBUTATEJILHOTO ammapara [5].

Harpyska Bo BpeMsi TPEHHUPOBKHU y BCEX CIIOPT-
CMEHOB COIIPOBOK/IA€TCSI CXOAHBIMH C IEPHOIOM
Pa3MUHKH W3MEHEHUsMHU IapaMeTPOB KapUOWH-
TEepPBAJIOTPAMMBI, OJTHAKO 3TU U3MEHEHUs BBIpAKe-
HBI B 3HAUUTEIBPHO MeHbIIel creneHu. OTinyune 3a-
KJIIOUAEeTCs B HE3HAUUTEJIbHOM CHIKEHHMH KaK abco-
JIIOTHBIX 3HAUEHUU BBICOKO- M HU3KOUYACTOTHBIX
KOMIIOHEHT CIIEKTPA, TaK U UX BKJIA/Ia B PETYJIAIIIIO
putMma cepana. Haubosiee BrIpa:KeHHOE CHIDKEHUE
HU3KOYACTOTHOH KOMIIOHEHTHI XapaKTEPHO I
CIIOPTCMEHOB CHJIOBBIX BUIOB cHopTa. Ecim morr-
HOCTh BBICOKOYACTOTHOM KOMIIOHEHTBHI, 10 MHEHUIO
OOJIBIIIMHCTBA HCCJIEZIOBATeNel, sBJsAerTcsa Oosee
WK MeHee OZJHO3HAYHBIM OTPAKEHHEM aKTHBHOCTH
BaryCHOH 30HBI COCYAOABUTATEIHHOTO IIEHTPA, TO
MOIITHOCTh U BKJIQJT HU3KOYACTOTHOH KOMIIOHEHTHI

pekova [7], who, when studying HRV in a significant
contingent of patients suffering with cerebral tumors
and neurotic disorders, established the greatest de-
pendence of its power on the state of suprasegmental
autonomic centers. These data have shown reliably,
that VLF reflects cerebral ergotropic influences on
lower levels of control and allows us to judge the
functional state of the brain.

It should be noted that in games-based sports
athletes during the warming up the contribution of
a very low frequency component increases by 79%,
and in strength sports athletes — only by 45%. Tak-
ing into account the reduced contribution of the
high frequency component, this confirms our as-
sumptions that the more pronounced activation of
ergotropic zones of hypothalamus in games-based
sports athletes is due to a significantly higher affer-
ent flow of impulses from sensory systems and the
need for greater concentration of attention, which
do switch the cerebral cortex and limbic system to a
higher level of functioning. Sports games are situa-
tional sports, that are characterized by rapid chang-
es in the character and intensity of movements.
Correct orientation on a field or court, contact with
team members are ensured by the functions of ana-
lyzers, in particular, visual and auditory. Changing
the movements structure requires high mobility of
nervous processes, and high excitability and lability
of all locomotor system segments [5].

In all athletes the load during exercises is ac-
companied by changes in cardiointervalogram’s
parameters similar to the warming up period, but
they are less significant. The difference lies in a
slight decrease in both the absolute values of the
high and low frequency components of the spec-
trum, and their contribution to the heart rate regu-
lation. The most pronounced decrease in the low
frequency component is typical for strength sports
athletes. Whereas the power of the high frequency
component, according to the major part of re-
searchers, is more or less unambiguous reflection
of the vagal activity of the vasomotor center, then
the power and contribution of the low frequency
component has not yet found an unambiguous in-
terpretation. It is possible that all three mecha-
nisms (baroreflex, central and myogenic) are in-
volved in the formation of a 0.1 Hz heart rate [3, 4,
8, 9]. Ultimately, for practical use it is important
that low frequency oscillations are directly related
to the postganglionic sympathetic fibers activity,
and their spectral power can be used to judge the
state of sympathetic heart rate regulation. There-
fore a decrease in these parameters can reflect a de-
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O/THO3HAYHON TPAKTOBKU ITOKA He HaxoauT. Bos-
MOKHO, 4TO B (pOPMHUPOBAHUU PUTMA CEPIa MOIII-
HOCTBIO 0.1 ['ll MpUHUMAIOT yJacTHe Bce TPU Mexa-
Hu3Ma (6apoped1eKTOPHBIHN, IEHTPATbHBIH U MHO-
TeHHBIN) [3, 4, 8, 9]. B KOHEUHOM cueTe 7151 TPAKTH-
YECKOI'0 HCII0JIb30BAHUS BAXKHBIM SIBJISIETCS TO, UYTO
HHU3KOYACTOTHBIE KOJIeOaHHUsA HAMPSIMYIO CBS3AHBI C
AKTUBHOCTDHIO TIOCTTAHTJIMOHAPHBIX CUMITATUYECKHIX
BOJIOKOH H I10 WX CIIEKTPATFHON MOIIHOCTH MOKHO
CYIUTh O COCTOSHHUU CHMIIATHYECKON PEeryssiuu
cepzeunoro purtMma. CiiefoBaTeNIbHO, CHIKEHHE
STUX TOKa3aTesiel MOKeT OTpaskaTh yMeHbIIeHHe
BJIMSTHUH HA PUTM Cep/illa KaK CUMIIATHYECKOTO, TAK
U MMapacUMIIaTHYEKOTO OTEJIOB IEeHTPa MPOI0JIro-
BATOTO MO3Ta U MEPeXoJ K MECTHBIM MeXaHH3MaM
PETyJIAIUN JeATETLHOCTH CEPAIA, HATIPDUMED, B CO-
oTBeTCcTBUU C 3akoHOM ®panka — Crapsunra. 13-
MeHEHUE JIeSITeJIbHOCTA Cep/illa MOKET OBITh 00y-
CJIOBJIEHO CZIBUTOM BHYTPHUKJIETOYHOTO COIEPIKAHUS
kausa (M3MeHeHUE BO3OYAUMOCTU) WU KaJIbIUS
(n3MeHeHMe CWIBI COKpalleHus). Takuwe CBUTH,
CKOpEee BCEero, ABJISIIOTCS PE3yJ/IbTaATOM U3MEHEHUH B
pabore cepiia, IPOUCXOAAINIAX BO BPEMS Pa3MUH-
ku. [IoCKOJIbKy MaKCUMaJibHble W3MEHEHUs PEeru-
CTPUPYIOTCA Y CIIOPTCMEHOB CHJIOBBIX BUJIOB CIIOPTA
[10], cirestyet ipeAIionoKuTh, YTO UMEHHO JIJIS 3TOU
TPYINIBI M XapakTepHbI Hanubosiee BhIpaKEHHbIE
WOHHBIE CJBUTU, KOTOPBIE MPUBOJAT K TOMY, UTO
cep/iiie obecreunBaeT ONTUMAIbHOE KPOBOCHA0MKeE-
HHe MBIIII MaKCUMaJIbHO HE3aBUCUMO OT Gapoped-
JIEKTOPHBIX U Ha/ICEIMEHTAPHBIX BJIMSHUL.

ITepros BOCCTAHOBJIEHHS TOXKE HEOUHAKOB II0
HceaeyeMbIM TIapaMeTpaM y CIIOPTCMEHOB JIBYX
rpynn. B o6enx rpymnmnax croprcMeHOB HabJII01aeTest
MOBBIIIIEHHE OOINeH MOIIHOCTH PEry/AlHHd 3a CUeT
yBeJInUeHusi aOCOTIOTHBIX 3HAUEHUWH U BKJIaJia B pe-
TYJISIUI0 KaK BBICOKOUACTOTHOH, TaK U HHU3KOYa-
CTOTHOM KOMIIOHEHT crektpa. Ho eciau B rpymime
WUTPOBBIX BUIOB TMOBBIIIEHHE TPOUCXOUT TTPEUMY-
IIIECTBEHHO 3a CYET BHICOKOYACTOTHON KOMIIOHEHTHI,
TO /711 CIIOPTCMEHOB CHJIOBBIX BUJIOB CIIOPTa Xapak-
TEPHO TOBBIIIIEHNE HU3KOYAaCTOTHOW KOMITOHEHTHI U
ee BKJIa/1a B perysisiiuio. Takum o6pa3oM BocCTaHAB-
JIMBAIOTCS PETY/IATOPHbBIE BIUSHUS Ha PUTM CEPAILIA,
o0ycJtoBJIeHHBbIE peanu3aiiiedl 6apopedekca, HO ¢
Pa3JIMYHON CTEIEHbIO BKJIaIa CUMITATUYECKUX U I1a-
pacUMIIATUYECKUX BIUSHUN, YTO MOXKET OBITH OTpa-
JKEHUEM BO30YIUMOCTH M PEaKTUBHOCTH COOTBET-
CTBYIOIIIMX 30H COCY/I0/IBUTaTEJILHOTO IIEHTPA.

Takoe COOTHOIIIEHWE TapaMeTPOB PEeTyJIAIUU
pUTMa cepAra MOKHO HAIJIAJHO IIPEJICTAaBUTh B
BHUJIE IMTHAMUYECKUX TpaduKoB (puc. 1).

W3 pucyHka BUHO, UYTO yV CIIOPTCMEHOB CHJIO-
BBIX BHJIOB CIIOPTA HAOJIIOMAETCS TPAKTUUECKH TIPsi-

crease in sympathetic and parasympathetic influ-
ences of the medulla oblongata on the heart rate
and transition to local mechanisms of heart activity
regulation, for example, in accordance with the
Frank-Starling law. The heart activity changes can
be caused by a shift in the intracellular content of
potassium (change in excitability) or calcium
(change in the force of contraction). These shifts
are most likely the result of changes in the heart’s
work that occur during the warming up. Since the
maximum changes are registered in strength sports
athletes [10], it should be assumed that it is for this
group that the most pronounced ionic shifts are
characteristic, which lead to the fact that the heart
provides the optimal blood supply to the muscles,
as much as possible regardless of the baroreflex
and suprasegmental influences.

The recovery period is also different in terms of
the studied parameters among the athletes of the two
groups. In both groups a rise in the total power of
regulation was registered due to an increase in the
absolute values and a contribution to regulation of
both the high frequency and low frequency spectrum
components. But if in the group of games-based
sports the increase occurs mainly due to the high fre-
quency component, then for athletes of strength
sports an increase in the low frequency component
and its contribution to regulation is characteristic.
Thus, the regulatory effects on heart rate are re-
stored, due to the implementation of the baroreflex
but with a different degree of sympathetic and para-
sympathetic influences, which may be a reflection of
the excitability and reactivity of the corresponding
zones of the vasomotor center.

Such a ratio of the heart rate regulation param-
eters can be visualized in the form of dynamic graphs
(Fig. 1).

The figure shows that athletes of strength
sports have an almost direct relationship between a
decrease in the general regulatory influences on the
heart with a decrease in the low frequency compo-
nent, which confirms our conclusion about the prio-
rity role of the heart’s own mechanisms in the en-
ergy supply of the load. This option is probably
more acceptable for anaerobic physical activity. For
athletes of games-based sports, already at the sec-
ond point of the graph, which corresponds to the
warming up, the intensity of the high frequency
component in the general regulatory influence be-
gins to increase after a sharp drop. This pattern, in
our opinion, confirms the importance of relative
predominance of sympathetic centers of the brain,
which is necessary for high sensory activity and
contact with team members.
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Puc. 1. OTHOCUTENIbHBIH BKJIJ] B CyMMapHBIE PEryJIATOPHbIE BJIUSHUSA BHICOKOYACTOTHOH (A)
Y HU3KOYaCTOTHOH (B) KOMITIOHEHT y CIIOPTCMEHOB CUJIOBBIX M UTPOBBIX BUJIOB CIIOPTa
(1 — cocTostHUE TTOKOST; 2 — PA3MUHKA; 3 — MaKCUMaJIbHas HATPY3Ka; 4 — OTBIX)

Fig. 1. Relative contribution to the total regulatory influences of high frequency (A) and low frequency (B) components
in games-based and strength sports athletes (1 — resting state, 2 — warming up, 3 — maximum load, 4 — recovery)

Masi CBA3b CHIDKEHUS OOIUX PETYJIATOPHBIX BIIHS-
HUH Ha cep/ilie CO CHIKeHNeM HU3KOUacTOTHOH co-
CTaBJIAIOINIEH, UTO MOATBEPIKAET HAIIU BHIBOJBI O
IIPUOPUTETHOU PO COOCTBEHHBIX CEPAEYHBIX Me-
XaHU3MOB B DHEPTETHYECKOM 00ecIieYeHHU Harpys3-
ku. Takoii BapuaHT, BEpOSITHO, H0Jiee IpUeMIIeM I
aHa’pOOHOTO BapuaHTa GU3NUECKOU IeATETHHOCTH.
¥ copTcMeHOB UTPOBBIX BUJIOB CIIOPTA YKe BO BTO-
poii Touke rpaduka, KOTOpass COOTBETCTBYET pas-
MUHKE, BBIPQKEHHOCTb BBICOKOYACTOTHOU KOMIIO-
HEHTHI B 00II[eM PeryJIATOPHOU BIUAHNUU IIOCTIE pe3-
KOTO TIaJIeHUsI HAaYHMHAeT BO3pacTaTh. JTa 3aKOHO-
MEpHOCTb, Ha HAIIl B3TJISA/I, IIOATBEPK/IAEeT 3HAUEHUE
He0OXOITUMOTO JIJIsI BHICOKOH CEHCOPHON aKTHUBHO-
CTH ¥ KOHTAKTa C WIeHaMU KOMaH/[bl OTHOCHTEJIbHO-
ro TmpeoOJIalaHus BJIUSHUU CHMIIATUYECKUX IIeH-
TPOB IOJIOBHOTO MO3TA.

3AK/IIOYEHUE

IIpoBeneHHOE uCCIIEZIOBAHUE IIO3BOJIET Cie-
JIaTh CJIeIyIolre BbIBOJIBI:

1. Hauasyio TpeHupoBOYHOrO Mpoliecca XapakTe-
pusyercsi CHIDKEHUEM BETE€TATUBHOU DETYJIAINU
puTMa c mepepacipesiesieHueM (PaKTOPOB peryJis-
MU C [EHTPAJIbHBIX K MECTHBIM T'YMOPQIbHBIM H
WOHHBIM, YTO HEN30EIKHO IIPUBOAUT K CHHXPOHU3A-
MY ¥ CHU?KEHUIO BapUabeIbHOCTH PUTMA CEP/ALIA.

CONCLUSION

The conducted research allows us to draw the
following conclusions:

1. The beginning of the training process is char-
acterized by a decrease in autonomic heart rate regu-
lation with a redistribution of regulation factors from
central to local humoral and ionic factors, which in-
evitably leads to synchronization and the heart rate
variability decrease.

2. In the process of training in athletes of
strength sports, there is a further decrease in the
central influences on the heart rate.

3. In athletes of playing sports, the decrease in
central influences on the heart rate is expressed to a
much lesser extent compared to athletes of strength
sports.

4. Restoration of regulatory influences on the
heart is ensured by a change in the factor that was
the main in ensuring the heart rate during training;:
in athletes of playing sports — due to the activation
of parasympathetic mechanisms; in strength sports
athletes — by restoring suprasegmental influences
implemented through sympathetic centers.
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2. B mpotiecce TPEHUPOBKH y CIIOPTCMEHOB CH-
JIOBBIX BUJIOB CIIOpPTa HaOJIIOZIAeTCs JlayIbHEeNIIee
CHIDKEHUE [eHTPAJIbHBIX BJIUSHUN HA PUTM CEPAIIA.

3. Y CIOpPTCMEHOB UTPOBBIX BUZIOB CIIOPTA CHU-
JKeHUe IIeHTPAJIbHBIX BJINAHUN HA PUTM CEP/ILIa BbI-
pa’XeHO B 3HAUUTETHHO MEHbIIIEH CTENEHHU 10 CPaB-
HEHUIO CO CIIOPTCMEHAMU CHUJIOBBIX BH/IOB CIIOPTA.

4. BoccraHOBJIEHVE DETYJIATOPHBIX BIMAHUNA HA
cepatie obecrieunBaeTcsi U3MEHEHUEM TOTO (HaKTopa,
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JIEBOT'O KeJIyA0YKA 0 U I0CI€ SHAOMHUOKAPAUAJIBHON KJIETOUYHON
KapAUOMHUOILIACTUKH
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Quality of life of CHD patients with normal and moderately
lowered left ventricular ejection fraction before and after
endomyocardial cellular cardiomyoplasty

Kliver E.N., Cherniavsky A.M., Kliver E.E.

Meshalkin National Medical Research Center (Novosibirsk)

AHHOTAIINA

ITesnp. OnieHKa KayecTBa KU3HU MAIMEHTOB ¢ HIleMUUecKoi 6ose3Hbi0 cepna (MBC) ¢ HopMaJbHOU U yMe-
PEHHO CHHKeHHOU (ppakijueil BbIOpoca jeBoro xenyaouka (OB JIXK), B ledueHUH KOTOPBIX HCIOJIb30BATIACH METO-
JINKA HH/IOMUOKAap/IMaJIbHON MMIIJIAHTAIIUU MOHOHYKJIEADHOU (PPaKIIUU ayTOJOTHYHBIX KJIETOK KOCTHOTO MO3ra
(MO®KKM) c npuMeHeHHeM HaBUTAIIHOHHOH cucTeMbl NOGA B COYETAHUM C COBPEMEHHON MeIMKaMEHTO3HOU Te-
parmnue.

Marepuasnsl u MeToabl. BosbHbIe UBC (n = 48) cocTaBuiiu /iBe rpyniibl B COOTBETCTBUU C UCXOTHO UMEIOIIEHCS
y Hux ®B JDK: I rpynma ¢ @B JIXK = 50 % (n = 30); Il rpynma ¢ ®B JIXK 36—49 % (n = 18). Bcem manueHTam IpoBOAUIIOCH
JleueHre C UCIO0JIb30BAaHUEM SHAOMHUOKapAUaaibHOl uMIiiantarun MOKKM B KoMOWHAIIUK C COBPEMEHHOU MeUKa-
MeHTO3HOU Tepanueii NBC. Acimpanus KocTHOTO Mo3ra A1 nosydenuss MOKKM 6bL1a ocyiiecTBieHa U3 TpeGHs 07 -
B3/IOIITHOM KOCTH I10/ MECTHOU aHECTE3UEN B JIEHD MIPOIEAY Pl UMIIJIAHTAIIUY KJIETOK 10 CTAHAAPTHON MeTOIuKe. JIpy-
ruM metozioM mostyueHuss MOKKM 6b1y10 BbIIe/IeHNe U3 Teprudepudeckoil KpPOBU MOCJe BBEAEHHU s PEKOMOUHAHTHOTO
YeJI0OBEUECKOr0 I'PaHy/IOUTAPHOTO KOJIOHHeCTUMYyupytoriero ¢akropa (Grasalva, 3pausis). B kaaplii HIIeMU3UPO-
BaHHBIN CETMEHT MHUOKap/ia BBOJUJIOCH T10 JIECATH HHBEKITUH KJIETOK 00BeMOM 0.2 MJI. Cpe/lHee YHCII0 ay TOJIOTHYHBIX
KJIETOK, BBEJIECHHBIX Ka)K/IOMY MAIlMEHTY, PABHSJIOCH 41 + 16 x 10°. ®paknusa CD34/CD45-103UTUBHBIX KJIETOK COCTa-
BUJIA 2.5 + 1.6 %. OnpesesieHne KayecTBa KU3HU IIPOBOJUJIOCH C UCIOJIb30BaHNEM onpocHuKa SF-36 Ha Bcex aTamax
KOHTPOJIsA (MCXOIHO, 6 Mec, 1 TO/L U 3 TO/A).

PesysipTaThl. B 00eux rpymnmax HU OJ{MH MaIUEHT He UMeJl MHTPAOIIEPAIITHOHHBIX OCJIOKHEHUN. BobHbIE OBLITH
BBIIIMCAHBI U3 CTAI[IOHApA HAa 3—5-€ CyTKU. Ha Bcex aTamax KOHTPOJISL BCe U3yUaeMble IMOKa3aTe I KauecTBa JKU3HU
MMeJIU CTATUCTUYECKU 3HAYNMOE YTy UIlIeHHE IT0 OTHOIIEHHIO K UCXOTHBIM TAHHBIM Y TAIlHeHTOB 00euX rpyir. [1o moJ-
HoH GyHKIMOHAIbHOU cBsA3u (W) Hanbosiee 3HAUUMBIMU SABJsLINCh: PF (busuueckoe dpyHkipnonuposanue) (W= 0.54),
RE (amornonanbHoe coctosinue) (W = 0.72), SF (conuanpHoe pyHKIInoHUpoBanue) (W = 0.48).

3akJw4yeHne. DHAOMUOKapuaibHas uMitanTanuss MOKKM B coueTaHUM ¢ COBPEMEHHOU Me/ITMKaMEeHTO3HOU
Tepamnuel croco6CTBYET YIyUIlIeHUIO TIoKa3aTe el KauecTBa :Ku3Hu naruenTos ¢ UBC ¢ HopMaabHOM U yMEepEeHHO CHU-
JKEHHOH (pakIeil BIOpOca JIEBOTO KEJIYI0UKaA Ha MPOTKEHUH BCEX TPEX JIeT HaOIOJeHsI HE3aBUCUMO OT €€ HC-
XOZHOM BEJTUUNHBI.
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ABSTRACT

Aim. Evaluation of quality of life of coronary heart disease (CHD) patients with normal and lowered left ventric-
ular ejection fraction (LVEF) treated by endomyocardial implantation of autologous bone marrow mononuclear cells
(ABMMCs) by using the NOGA cardiac navigation system in combination with modern drug therapy.

Materials and methods. CHD patients (1n1=48) were divided into two groups according to their initial LVEF:
group I patients had LVEF = 50% (n = 30), while in group II it was 36—49% (n = 18). All patients underwent endomyocardi-
al implantation of ABMMCs combined with modern drug therapy of CHD. Bone marrow aspiration to obtain ABMMC was
performed from the iliac crest under regional anesthesia on the day of cell implantation according to a standard technique.
Another option for obtaining ABMMCs was isolation from peripheral blood after administration of recombinant human
granulocyte colony-stimulating factor (GCSF) (Grasalva, Israel). Each ischemic segment of the myocardium got 10 injec-
tions of cells of 0.2 ml volume. The average number of autologous cells injected into every patient was 41 + 16 x 10°. The
fraction of CD34/CD45-positive cells amounted to 2.5 + 1.6%. Quality of life was evaluated using the SF-36 Health Survey
at all stages of control (baseline, 6 months, 1 year and 3 years).

Results. No intraoperative complications were observed in both groups. The patients were discharged from the
hospital on 3'9—5t day. At all stages of control all studied indicators of quality of life demonstrated a statistically significant
improvement in relation to the baseline data in patients of both groups. As for complete functional relationship (W), the
most significant parameters were as follows: PF (Physical Functioning) (W = 0.54), RE (Role-Emotional) (W = 0.72), SF

(Social Functioning) (W = 0.48).

Conclusion. Endomyocardial implantation of ABMMCs supported by modern drug therapy facilitates the param-
eters of quality of life improvement in CHD patients with normal and moderately lowered LVEF during 3-year follow-up

irrespective of its baseline value.

Keywords: bone marrow cells, coronary heart disease.

BBEAEHUE

Nmemuueckas 60se3ub cepana (MBC) mpomor-
JKaeT OCTaBaThbCsA OLHOM M3 BAXKHEHUIINX MeIUIINH-
CKUX TPOOJIEM HACTOSIIET0O BPEMEHH. YUHThIBas
pAacIpoCcTpaHEHHOCTh JTAHHOTO 3a00JIeBaHUS CpeaU
JIFOIEN TPY/IOCIIOCOOHOTO BO3pacra, a TaKXKe Ts-
JKECTb IIOTEHI[MAIbHBIX OCI0KHEHNH, OHO OKa3bIBa-
eTcsl YacTOW MPUYWHOU JIETAJTLHOCTH, a TaKXKe Ja-
CTUYHOU JIUOO MOJIHOM yTPaThl TPYAOCIOCOOHOCTH
HacesieHus [1—3]. Ocoboe BHUMaHUE CpeIN Kapauo-
JIOTOB BBI3BIBAIOT BOMPOCHI BHIOOpA ONTHUMAIHHBIX
METOJIOB JIEYeHUsI MAIMEHTOB C MOCTUH(MAPKTHBIM
KapAHOCKJIEpO30M, OCOOEHHO TeX, KTO paHee yxKe
TepeHec onepanuy aOpTOKOPOHAPHOTO IIIYHTHPOBa-
HUSA, & TAaKKe OOJIbHBIX, KOTOPBIM II0 TEM I UHBIM
OO'BEKTUBHBIM IIPUYMHAM BBIIIOJIHUTh XUPYypruye-
CKO€ BMEIIATEIbCTBO y3Ke He IPEJICTABJISETCS BO3-
MOKHBIM. B 10C/Ie/lHEe BpeMsi B KJIHHHUYECKYIO
MPAKTUKy CTaJIM BHEJPSTHCS HOBBIE IEPCIIEKTUB-
HbIE MEIUIIMHCKIE TEXHOJIOIUHU JIJIS1 JIEUeHUS Malli-
enToB ¢ IBC, o/iHOM 13 KOTOPBIX SABJISIETCS SHIOMUO-
KapAuaTbHasi UMILUIAHTAIUs KJIETOK KOCTHOTO MO3-
ra [4-8].

IIEJb NCC/IEJOBAHIA

Ornenka OIIDKANIINX U OTIQIEHHBIX PE3YJIbTa-
TOB JIEYEHHUS C IPUMEHEHNEM HHTPaMHOKapIHaslb-
HOUW MMIUTAaHTAIlUN MOHOHYKJIeapHOU paknuu ay-
TOJIOTUYHBIX KJIETOK KocTHOro mosra (MO®KKM) B
COUYETaHUH C COBPEMEHHOU MeIMKaMEHTO3HOU Tepa-
el y IaleHTOB C UIIIEMUYeCKOH 60JIe3HBIO CepI-
[1a C HOpPMIBHOU U YMEPEHHO CHIKEHHON (paKITu-

INTRODUCTION

Nowadays coronary heart disease (CHD) con-
tinues to be one of the most important medical
problems. Given the prevalence of this disease
among people of working age, as well as the severity
of potential complications, it turns out to be a fre-
quent cause of mortality, as well as temporal and
complete disability of the population [1—3]. Particu-
lar attention among cardiologists is drawn to the
choice of optimal methods of treatment for patients
with post-infarction cardiosclerosis; especially
those who have previously undergone coronary ar-
tery bypass surgery; as well as patients who, for one
or another objective reason, are no longer able to be
operated on. Recently, new promising medical tech-
nologies have been introduced into clinical practice
for the treatment of patients with CHD one of which
is endomyocardial implantation of bone marrow
cells [4-8].

AIM OF THE RESEARCH

To evaluate the immediate and long-term re-
sults of treatment using endomyocardial implan-
tation of the autologous bone marrow-derived
mononuclear cells (ABMMCs) in combination
with modern drug therapy in CHD patients with
normal and moderately reduced left ventricular
ejection fraction (LVEV) by assessing quality
of life.

MATERIALS AND METHODS

The study included patients with CHD (n = 48)
who, according to their LVEF, were divided into two

Journal homepage: http://jsms.ngmu.ru
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el BhIOpOca JieBoro keyymouka (®B JIXK) mocpen-
CTBOM IIPOBE/IEHUS OIIEHKH KaueCTBA YKU3HU.

MATEPUAJIBI 1 METO/AbI

B wuccnemoBanume Bounuid mnanueHtel ¢ MBC
(n = 48), KOTOpBIE B COOTBETCTBUU C UCXOJTHO UMEIO-
meica y uux OB JIXK 6butH pasziesieHbl Ha JIBe TPYII-
mbl: I rpynma ¢ ®B JIXK > 50 % (n = 30); I rpynma ¢
DB JIXK 36—49 % (n = 18). Bce 6obHBIE TIOTydaITH
JIeUeHHE ¢ UCII0Ib30BaHNEM HHTPAMHUOKAPHATBHOM
umiiantanua MOKKM B KoMOWHAIIUK C COBpEMeEH-
HOU MeuKaMeHTOo3HOH Tepanueit UBC corsacHo Te-
KYIITUM MeKIyHApOAHBIM pekoMeHaarusam (tabi. 1).

Kputepuu BKIOUeHHUs: HHGPAPKT MUOKapza B
aHaMHe3€e JJaBHOCTBHIO 12 Mec U 0OoJjiee 10 MOMEHTA
BKJIIOUEHUSI B HccieoBaHue; gaedekT mepdysun
MHOKap/ia M0 JAHHBIM 2-3TAMHOH Tep(y3uOHHOH
ciiuHTUTpaduH (paguoaKTUBHBINA Mapkep ™ Tc).

Kputepuu UCKIIOUEHNSI: BO3MOKHOCTD IIPSMOL
peBackysisipusaiui (AHTHOILUIACTHKA CO CTEHTHPO-
BaHUEM H/WJIH A0PTOKOPOHAPHOE IIYHTHPOBAHHUE);
CTEHO3 A0PTAJIbHOIO KjallaHa WIH €ro MPOTe3UpOo-
BaHUeE; MPEAIIECTBYIOIEE XUPYPTUUECKOe peMojie-
JIMPOBAHUE JIEBOTO JKEJIY/IOUKA WU PECHHXPOHUBU-
pymooIass Tepamnus; paHee HMIIAHTHPOBAHHBIN
BJIEKTPOKAP/IMOCTUMYJIATOP; OHKOJIOTHS; TsKesast
peHaJbHAS WIH eYeHOUHas TUCHYHKITUS.

UccnenoBadue OBLIO BBIIIOJHEHO B COOTBET-
CTBUU CO CTAaHAAPTAMU HA/JIeXKAIed KIMHUIECKON
npakTuku (Good Clinical Practice) u mpunIumamu
XenbCUHCKOHN Aekaapanuu. [IpOTOKO uccaenoBa-
HUSA OBUT 0/100pEH JIOKAJIIBHBIM JTUYECKUM KOMUTE-
ToM PI'BY «HanuoHaJabHbIA MEIUIIMHCKUHN HCCIIe-
JIOBaTeJIbCKUU IeHTp uM. akaja. E.H. Memankuaa».
Jlo BKJIIOUEHUs B UCCJIEJIOBAHUE Y BCEX YIACTHUKOB
OBLIO TIOJIYYEHO MHUCHMEHHOE HH(POPMHUPOBAHHOE
corjiacue Ha yJacTHe B UCC/IeI0BAHUH.

B ucciemoBaHUU HCIIOJIB30BAJIOCH ABAa METOAA
nonyuennss MOKKM: 1) nocpescTBom 3ab0pa KOCT-
HOT'O MO3Ta M0 CTAaHIaPTHON METO/TUKE I10]T MECTHOH

groups: group I with LVEF > 50% (n = 30); group II
with LVEF 36—49% (n = 18). All patients underwent
endomyocardial implantation of ABMMCs in combi-
nation with modern CHD drug therapy according to
current international guidelines (Table 1).

Inclusion criteria: myocardial infarction in past
medical history of 12 months or more prior; myocar-
dial perfusion defect according to 2-stage perfusion
scintigraphy (99™Tc radioactive marker).

Exclusion criteria: the possibility of direct revas-
cularization (angioplasty with stenting and/or coro-
nary artery bypass surgery); aortic valve stenosis or
prosthetics; prior left ventricular surgical remodel-
ing or resynchronizing therapy; previously implant-
ed cardiac pacemaker; oncology; severe renal or he-
patic dysfunction.

The study was performed in accordance with
the Good Clinical Practice standards and principles
of the Helsinki Declaration. The research protocol
was approved by the local ethics committee of the
Meshalkin National Medical Research Center. Prior
to inclusion in the study, all participants received
written informed consent to participate in the
study.

The study used two methods for obtaining
ABMMCs: 1) by taking bone marrow from the iliac
crest anesthetized regionally on the day of cell im-
plantation in accordance with the standard tech-
nique. Bone marrow-derived mononuclear cells
were isolated by centrifugation in a Ficoll density
gradient (density (p) = 1.077; Ficoll-Paque Plus, Am-
ersham Pharmacia Biotech) followed by three-stage
washing, cells were resuspended in heparinized sa-
line; 2) isolation from peripheral blood after subcu-
taneous administration of recombinant human
granulocyte colony-stimulating factor (GCSF) (Gra-
salva, Israel) at a dose of 3.3—5.0 pug/kg of body mass
per day with a total of five injections. Before and af-
ter the GCSF mobilization, venous blood was taken

Ta6uuna 1. MekaMeHTO3Ha s Tepalus Mal[ueHTOB, BKJIFOUEHHBIX B HccyenoBanue (n/%)

Table 1. Drug therapy of patients enrolled in the study (12/%)

Tipenapars: / Drugs % nr};y;g)a / Group I %TII r=pi7§[)na / Group II
AnTtnarperanTsl / Antiplatelets 30/100 18/100
B-6stoxaropst / B-blockers 19/63.3 13/72.2

uAIl®* / ACEi* 25/83.3 14/77.7

Cratunbl / Statins 28/93.3 16/88.8

Hurparst / Nitrates 19/63.3 12/40.0

HOuypetuku / Diuretics 10/33.3 7/38.8

* THruOUTOPHI AaHTHOTEH3UHIIPEBPAIIAIONIETO (hepMeHTa.
Angiotensin converting enzyme inhibitors.

76

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2020-3-74-83

Kliver E.N. et al. / Journal of Siberian Medical Sciences 3 (2020) 74—83

aHecTe3Weld U3 rpebHs MOAB3/O0IIHON KOCTU B JIEHDb
MPOIIElypbl UMILIAHTAIIUU KJIETOK. MOHOHyKIeap-
HbIE KJIETKH KOCTHOTO MO3Ta U30JIMPOBAJIUCH ITyTEM
EeHTPU(PYTUPOBAHUA B TPAIUEHTE IJIOTHOCTH (DH-
kosuta (mwrotHocts (p) = 1.077; Ficoll-Paque Plus,
Amersham Pharmacia Biotech) c¢ mocnenayroreit
TPEX3TAITHOU OTMBIBKOM, KJIETKU PeCyCIIeH3UPOBa-
JINCh B TEeNapUHU3UPOBAHHOM (DU3UOJIOTHUECKOM
pacTBope; 2) BblJleJIeHNE U3 ITepUdepPUIecKOr KPo-
BH IIOCJI€ TIOJIKO’KHOTO BBE/IEHUS PEKOMOMHAHTHOTO
YeJIOBEUECKOTO TPAHYIOIMUTAPHOTO KOJIOHUECTUMY-
supymoiero dakropa (I'KC®) (Grasalva, 3pauib)
B J103€ 3.3—5.0 MKT/KI' Macchl TeJia B CyTKH OOIIUM
KOJIMYECTBOM TIATh MHBEKIUH. [0 U ITocae MOOUIH-
zanuu [KC® y marueHTOB 3abupajiiach BeHO3Hast
KpoBb. Ha mecTbie CyTKH OOJIBHBIM ITPOBOJIMJIACH
MpOIIe/Iypa almapaTHOTo nuTadepesa Ha cenaparo-
pe kietok kpoeu (Haemonetics MCS+, CIIIA). Uc-
osb3oBasiack nmporpamma PBSC (mosyuenue mepu-
(¢eprUUecKrX CTBOJIOBBIX KJIETOK), IapaMeTPhI IUP-
KyJSIIMH U PeNUupKyaanuu — recirculation N 2,
recirculation ratio 1/3. MoHOHyKJIeapHbIE KJIETKH
KOCTHOT'O MO3Ta CEeIapupOBAaHHOU KPOBU BBIIEISIIN
B TIpajiueHTe IUIOTHOCTH (UKOJIIa/BeporpaduHa
(p = 1.078 1/71), IBaXkABI OTMBIBATU B 3a0ydepen-
HOM (PUBHOJIOTHYECKOM PACTBOPE, IMOICUUTHIBAII
KOJIM4UecTBO. YKHU3HECTOCOOHOCTh KJIETOK TECTHUPO-
BaJIach TPENAHOBBIM CHHUM (METO/T UCKIIIOUEHUS) U
Jocrurana Oosiee yeM 98 % IS KaKJOTO TPaHC-
wianTtata. CpesiHee 3HaUEHUE BBEIEHHBIX KAXKIOMY
ManyeHTy ayTOJOTUYHBIX  KJIETOK  PaBHSIOCH
41 £ 16 x 108. ®paknusa CD34/CD45-103UTHBHBIX
KJIETOK COCTaBJIsIa 2.5 + 1.6 %.

OcHOBHbIE KJIMHUYECKHE TTOKa3aTe I Ha dTare
TOCITUTAIN3AIUY ObLIN COMIOCTABUMbI B 0OEUX I'PYII-
nax (tabi. 2).

AHay3 pas3JIMYHBIX I1apaMeTpPOB KadyecTBa
JKU3HU BKJIIOUAJI B ce0s1 BCe BOCEMb IITKAJI ONPOCHU-
ka SF-36: ¢pusmueckoe PyHKIIMOHUPOBAHUE, POJIE-
Bas JIEATEIHHOCTD, TeJIeCHAasA 00JIb, 00IIee 3/T0POBLE,
JKU3HECITIOCOOHOCTD, COIMUAJIPHOE (DYHKIIMOHUPOBA-
HHUE, YMOIMOHAIBHOE COCTOSHHUE W IICUXUYECKOE
3710POBbE — U MIPOBOIUJICSA BCEM OOJIBHBIM /10 U T10-

from patients. On the sixth day, patients underwent
cytapheresis procedure on a blood cell separator
(Haemonetics MCS+, USA). PBSC (peripheral blood
stem cell preparation) donation program was used,
circulation and recycling parameters — recirculation
No. 2, recirculation ratio 1/3. The mononuclear bone
marrow-derived cells of the separated blood were
isolated in a gradient of Ficoll/Verografin density
(p = 1.078 g/1), washed twice in buffered saline, and
their amount was counted. Cell viability was tested
with trypan blue (exclusion method) and reached
more than 98% for each graft. The average value of
autologous cells injected to each patient was
41 £ 16 x 10° The CD34/CD45-positive cell fraction
was 2.5 + 1.6%.

The main clinical indicators at the stage of ad-
mission to hospital were comparable in both groups
(Table 2).

Analysis of different quality of life parameters
included all eight scales of the SF-36 Health Survey:
Physical Functioning, Role-Physical Functioning,
Bodily Pain, General Health, Vitality, Social Func-
tioning, Role-Emotional and Mental Health and was
carried out in all patients before and after endomyo-
cardial implantation of ABMMCs at previously de-
fined stages of the study (baseline, 6 months, 1 year
and 3 years).

The following indicators were evaluated: Physi-
cal Functioning (PF); Role-Physical Functioning
(RP); Bodily Pain (BP); General Health (GH); Vitali-
ty (VT); Social Functioning (SF); Role-Emotional
(RE); Mental Health (MH).

Further, after the appropriate grouping of scales,
two basic indicators were evaluated — Physical
Health (PH) and Mental Health (MH).

Statistical results are represented by mean va-
lues for longitudinal parameters or as numbers/per-
centages for category parameters. In the processing
of the obtained material, a rank multiple correlation
coefficient was used — the concordance coefficient
W, which assesses the correlation relationship be-
tween observations in groups. The W coefficient

Taﬁnnua 2. cxonHas KJIMHUYEeCKas XapaKTEpUCTHUKA GOJIBHBIX

Table 2. Baseline clinical characteristics of patients

ITokazaresb / Indicator {;Ey;g;a [ ol gl ipi/g)na (/i
Bospacr (iiet) / Age (years) 60.2 + 1.6 57.1+ 1.7

ot (my2xckoii/skenckuit) | Gender (male/female) 27/3 15/3

Caxapubiii nuabert (11/%) | Diabetes mellitus (12/%) 8 (26.6) 3 (20)
Tunepronunueckas 6ose3ns (n/%) | Hypertension (n/%) 24 (80) 12 (80)

Oxupenne (n/%) | Obesity (/%) 20 (67) 14 (78)
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cJ1e BHIOMHUOKapAnaaIbHOU uMIUianTaruu MOKKM
Ha paHee OIpe/ieJIEeHHBIX Tallax uccieoBanus (uc-
XOJHO, 6 Mec, 1 TOJ 1 3 roza).

Ko/imuecTBEHHO OLIEHHUBAIKNCH CJIEIYIONINE I10-
kazaTtenu: duszndeckoe dyukiuonuposauue (Phy-
sical Functioning — PF); posieBoe GyHKIIMOHUPOBA-
HUe, OOYyCIOBJIEHHOE (DUBUYECKUM COCTOSTHHEM
(Role-Physical Functioning — RP); ©HT€HCHUBHOCTH
6ostn (Bodily Pain — BP); ob1iiee cocTosiHue 3710po-
BbA (General Health — GH); »xu3HeHHasa aKTUBHOCTD
(Vitality — VT); coumanbHOoe GYHKIIMOHUPOBAHUE
(Social Functioning — SF); poseBoe (pyHKIIMOHUPO-
BaHHE, 00yCIOBIEHHOE SMOI[MOHAIbHBIM COCTOSHHU-
eM (Role-Emotional — RE); ncuxudeckoe 3710pOBbe
(Mental Health — MH).

Jlajee, mocjIe COOTBETCTBYIOIIEH I'PYIIIIUPOBKU
IIKaJ OIIEHWUBAJIKUCH JBa 0Aa30BbIX IOKA3aTesss —
«DU3UYECKUN KOMIIOHEHT 3710poBbsi» (Physical
Health — PH) u «IIcUXOJIOTUYECKUN KOMIIOHEHT
3nopoBbsa» (Mental Health — MH).

CraTUCTUYECKUE PE3YyJIbTAaThl IPEICTABIEHBI
CPEeIHUMU 3HAYEHUSAMU JIJIsI IIPO/I0JIKUTEIHHBIX I1a-
paMeTpoB WK KaK YKCJIa/MPOIEHTHI JIJIsl IapaMe-
TPOB KaTeropuil. B 06paboTke MOJIyueHHOTO MaTe-
pHajia UCIOJIb30BAJICS PAHTOBBIA MHOKECTBEHHBIN
k03 PunueHT koppeaauun — Ko3pUIEeHT KOH-
xopaaruu W (concordance), olieHUBAIOIIUH KOppe-
JIIMMOHHYI0 B3AUMOCBS3b MEK/Ty HaOJIIOEHUSIMU B
rpynnax. Koapdunuent W nszmeHnseres B Auanaso-
He OT O /10 1. HyJsieBoe 3HaUeHME COOTBETCTBYET OT-
CYTCTBHUIO B3aMMOCBSI3H MEXKIy HAOIIOIEHUAMU B
rpynnax, eIuHUIla — IOJHOU (DYHKIIMOHATIBHON
B3auMocBsi3u. OlleHKa U3MEHEHHH KauecTBa JKU3HU
¢ TeYeHHEM BPEMEHU BHYTPHU IPYII (KOHTPOJIbHbBIE
HaOJII0ZIeHUsI: UCXOIHO, Yepe3 6 Mec, yepe3 12 Mec,
uyepe3 36 Mec) MpoOBeJieHA C IPUMEHEHHEM KpUTe-
pusi mapHbIX cpaBHeHuil Buikokcona (Wilcoxon
Matched Pairs Test) u paHroBOro AUCIEPCHOHHOTO
ananu3 ®punmana (Friedman ANOVA). Bernunna
P < 0.05 CYATAIACh CTATUCTUYECKH 3HAYUMOH.

Bo BpeMsA NPOBEAECHUA KapAWUOMHOILIACTUKHU
ManyeHThl 00enx IpyInax He WMeJIM WHTpaorepa-
[IMOHHBIX OCJIOKHEHUH. 110 JaHHBIM BBIIIOJTHEHHOTO
B IMHAMUKE Psjla dXOKapAuorpapuIecKux Hcciae-
JIOBAaHUH B PaHHEM IIOCJIEOIEPALIMOHHOM IIEPHOJIE
TpaBMaTHYECKHUX MOBpeskaenuii JIXK 3aperucrpupo-
BaHO He ObLI0. JIabopaTopHBIE TTOKAa3aTEIN aKTUB-
HOCTU KpEaTUHKHNHA3bI, INKOBOT'O YPOBHA TPOIIOHU-
Ha I ocraBaiuCh HEM3MEHHBIMHU. Bce maIUEHTHI
OBLTH BBIIIMCAHBI U3 CTAI[MOHAPA B TEUEHHE MMEPBOU
HeZeJId II0CJIEOIEPAIIMOHHOrO Ieproga. Hapyie-
HUH pUTMa CEeP/IIia, 10 pe3yJIbTaTaM CyTOYHOIO XOJI-

varies from 0 to 1. A zero value corresponds to no
relationship between observations in groups, one —
to a complete functional relationship. The assess-
ment of changes in quality of life over time within
groups (control observations: at baseline, after
6 months, after 12 months, after 36 months) was
carried out using the Wilcoxon’s matched pairs rank
test and Friedman’s ANOVA rank variance analysis.
P < 0.05 evaluation was considered statistically sig-
nificant.

During cardiomyoplasty, patients in both groups
had no intraoperative complications. According to a
number of dynamic echocardiographic test, no trau-
matic injuries of left ventricle (LV) were recorded in
the early postoperative period. Laboratory indicators
of creatine kinase activity, peak level of troponin I
remained unchanged. All patients were discharged
from hospital during the first week of the postopera-
tive period. According to the results of the daily Holt-
er monitoring conducted 1 and 3 years after the pro-
cedure, no heart rhythm disorders were recorded
as well.

During the first year of the study the quantity of
fatal outcomes according to complete observations
(death was caused by a cardiovascular disease) was
equal in both groups: 1 person each in absolute
terms, that was in patients with LVEF > 50% — 3.3%,
with LVEF of 36—49% — 5.5%. After 3 years of fol-
low-up, this indicator was 2 (6.6%) cases in the first
group and 4 (22.0%) in the second group respective-
ly. When comparing lethality in groups by using chi-
square test, statistically significant differences were
revealed in groups (p = 0.02) (Table 3).

In the first group, over the entire follow-up pe-
riod, all the quantitative parameters of quality of life
showed statistically significant improvement with
respect to baseline values, but the highest values for
complete functional relationship (W) were for: PF
(Physical Functioning), BP (Bodily Pain), RE (Role-
Emotional) (Table 4).

Evaluation of changes of quality of life over time
in relation to baseline data within the group showed
that all the studied parameters also had statistically
significant improvement with a slight decrease by
the period of 3 years of observation, but did not reach
baseline, thus maintaining positive dynamics
(Table 5).

In the second group, also over the entire obser-
vation period all quantitative parameters of quality
of life had statistically significant improvement with
respect to baseline values, with the exception of RP
(Role Functioning). As for the complete functional
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TEPOBCKOTO 3JIEKTPOKAPAUOTPADUIECKOTO MOHHUTO-
pUHTa, IPOBEJIEHHOTO Yepe3 1 U 3 rojia Mocje mpo-
Le/Typhl, TAK:Ke He OBLIO 3aPETUCTPUPOBAHO.

B TeueHue IEPBOTO rofia UCCIENOBAHUS KOJIUYe-
CTBO JIETAJILHBIX UCXO/IOB TI0 IIOJIHBIM HAOJIIOIEHUSIM
(cMepTh HACTyIIMIIA B PE3YJIBTATE CEPIETHO-COCYTUC-
TOro 3ab0sIeBaHMs) OBLIO PaBHOE B 00EMX TPyIINax:
I10 1 YeJIOBEKY B aOCOJTFOTHOM BBIPA’KEHUH, UTO COCTa-
B0 y 60s1bHBIX ¢ @B JIK = 50 % — 3.3 %, ¢ ®B JDK
36—49 % — 5.5 %. Yepes 3 roma HaOJIO/IEHUS TaH-
HBIH TTOKa3aTe b COCTAaBUII 2 (6.6 %) cirydas B IEPBOM
rpymie 1 4 (22.0 %) Bo BTOPOU TPYIIIIE COOTBETCTBEH-
Ho. IIpu cpaBHEHWUs JIETAIBHOCTU B TPYIIIIaX Ha OCHO-
Be KPUTEPHSA XU-KBaJ[paT BHIABJIEHBI CTATHCTUYECKHU
3HAYMMbIe OTJINYHS 110 TpyIam (p = 0.02) (Tabur. 3).

B mepBoii TpyIIe Ha BceM BPEMEHHOM OTPE3Ke
HaOJTIOZIEHHS BCe U3ydaeMble KOJTMUEeCTBEHHbIE ITOKa-
3aTeT KauyecTBa KU3HU MPOJEMOHCTPUPOBAIUA CTa-
TUCTUYECKU 3HAYNMOE YJIyUIIIeHHe 110 OTHOUIEHUIO K
HMCXOIHBIM 3HAUYEHUSIM, HO HanOOJIbIIINe 3HAYEHMS 10
MOJTHOU (DYHKITHOHATBHOU cBsa3u (W) umenu: PF (pu-
3u4yeckoe (PyHKIMOHUpoBaHUE), BP (MHTEHCUBHOCTH
60sm), RE (sMmonpoHaasHOe cocrossuue) (Tabit. 4).

O1eHKa U3MEHEeHHU I KauecTBa KU3HU C TEUeHU-
€M BPEMEHH IT10 OTHOIIEHUIO K UCXOIHBIM IT0OKa3are-
JISIM BHYTPH TPYIIIBI TIOKa3ajia, YTO BCE U3ydaeMble
mapaMeTpbl TAKKe UMeIN CTATUCTHYECKU 3HAUNMOE
yJIydllleHrie ¢ HeOOJIBIINM CHIKEHHUEM K IIEPUOIY
3 JieT HaOJIOZEHWSI, HO HEe JOCTUIJIM HCXOLHOTO
VPOBHS, TAKUM 00Pa30M COXPaHSS MOJIOKUTETHHYIO
JUHAMUKY (TabJ1. 5).

Bo BTOpOIi TpyIilie Tak:kKe Ha BCEM BPEMEHHOM
oTpe3Ke HaOJII0IeHHs BCe H3YIaeMble KOJIMUECTBEH-
HbIE ITOKA3aTe/IN KAaueCcTBa KU3HU UMeJIN CTaTUCTH-
YeCKU 3HAUMMOE YJIYUIIeHNEe 110 OTHOIIEHHUIO K KC-
XOJITHBIM 3HAUEHUSM, 32 UCKJIIOUEHNEM ITOKA3aTesIs
RP (poneBoe dyukimonupoBanue). Ilo mMmoHOU
dyukmonansHo cBsa3u (W) Haubosiee 3HAUNMBI-
Mu spiasich: PF (busnueckoe GyHKIIMOHHPOBA-
Hue), RE (amoruonanbHoe cocrosiHue) u SF (comu-
ayibHOE PyHKIIMOHUpPOBaHue) (TabI1. 6).

relationship (W), the most significant were: PF
(Physical Functioning), RE (Role Emotional) and SF
(Social Functioning) (Table 6).

The assessment of quality of life changes over
time in relation to the baseline indicators within the
group also showed a positive statistically significant
dynamics of changes in almost all studied parame-
ters, with the exception of RF (Role-Physical Func-
tioning) indicator (Table 7).

In recent years, the development of cardiac
surgery is proceeding at a rapid pace, methods of
interventional cardiology are being improved.
However, myocardial infarction and subsequent
chronic heart failure (CHF) have both been and re-
main one of the main causes of mortality in most
countries of the world [1—3]. In this regard, in re-
cent scientific research, the study of the problem
of providing highly specialized medical care to pa-
tients with diffuse coronary arteries’ lesions and a
distal bed incompetence to which, despite the ad-
vances of coronary surgery, traditional methods
of invasive myocardial revascularization do not
apply [4].

In our study we examined the patients with
normal and moderately reduced LVEF (>50% and
36—49%), who underwent endomyocardial implan-
tation of ABMMCs in combination with modern
drug therapy, which is to date the only method
aimed at reducing symptoms of heart failure pro-
gression, improving quality of life and disease prog-
nosis in CHD patients [1, 5]. The patient’s quality of
life (QOL) is one of the new criteria for assessing the
treatment efficacy — it has become widespread in
recent years in countries with a high level of medical
development [9].

The QOL definition is based on the concept of
health proposed by the World Health Organization:
“Health is the complete physical, social and psycho-
logical well-being of a person, and not just the ab-
sence of a disease.” In studies looking for an optimal
treatment strategy, especially for chronic diseases,

TaGsuua 3. Pe3ysibraTsl CpaBHEHUsI JIETAJIBHOCTH 110 IPYIIIIAM Ha OCHOBE KPUTEPHs XU-KBaaApar (cayuaes / %)
Table 3. Results of comparison of lethality by groups babsed on chi-square test (cases / %)

6 mec / 6 months 12 mec / 12 months 36 mec / 36 months
I'pynna / Group n ITom.* Ilens.** [TomH. Ilens. IlosH. Iens. p

Compl.* Cens.** Compl. Cens. Compl. Cens.
OBJDK/LVEF36—49% 18 1/(55 1/(55 1/(55  1/(55  4/(220 1/(55)
®BJI)K / LVEF > 50 % 30 1/(3.3) - 1/(3.3) — 2 /(6.6) —

* TloHoe Habmonenue. / Complete observation.
** [lensypupoBanHoe Habmoaenue. / Censored observation.
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TaGuiuna 4. Pe3ysibTaThl pacyeToOB OCHOBHBIX [TIOKAa3aTeJIed KauecTBa KU3HU (6asibl) o Kputepuio Opuamana
(PBJIXK = 50 %) (M + m)

Table 4. Results of calculations of the main indicators of quality of life (scores) according to the Friedman’s ANOVA
test (LVEF = 50%) (M + m)

IlokaszaTenpb HcxomHo 6 mec 12 Mmec 36 Mec

Indicator Baseline 6 months 12 months 36 months p s
PF 33.17 + 1.88 53.62 + 3.07 55.17 £ 2.89 45.18 £ 2.80 0.0000037 0.54
RP 6.67 £ 2.92 30.17 £ 6.13 39.66 + 6.27 35.71 + 8.18 0.00036 0.22
BP 41.10 £ 2.22 67.10 £ 2.49 65.69 + 2.97 52.61 + 4.09 0.0000016 0.53
GH 41.07 £ 2.10 49.34 + 2.31 48.07 + 2.10 50.25 £ 2.75 0.014 0.12
VT 50.33 + 2.30 68.97 + 2.05 65.86 + 2.14 56.64 + 4.06 0.0000032 0.46
SF 59.07 + 2.51 87.28 + 2.48 86.86 + 2.53 77.64 + 3.57 0.0000098 0.48
RE 35.20 + 1.53 69.52 + 1.96 69.59 + 3.06 51.89 + 3.59 0.0000011 0.72
MH 59.73 £ 2.21 72.93 + 1.81 69.93 + 1.88 70.00 * 2.35 0.00007 0.26

TaGsuna 5. V3MeHeHns OCHOBHBIX ITOKa3aTeJIeld KauecTBa KU3HU 110 KpuTepuio Buikokcona (OB JIXK > 50 %)

Table 5. Changes in the main quality of life indicators according to the Wilcoxon’s matched pairs rank test (LVEF > 50%)

IToxa3zareib HcxomHo u 6 mec HcxopHo u 12 Mec HcxomHo u 36 mec
Indicator Baseline and 6 months Baseline and 12 months Baseline and 36 months
PF 0.000006 0.000007 0.00042

RP 0.0021 0.00032 0.0037

BP 0.000008 0.000006 0.018

GH 0.0033 0.018 0.0025

VT 0.000008 0.000077 0.06

SF 0.000007 0.000008 0.00015

RE 0.000003 0.000008 0.00098

MH 0.000011 0.00096 0.0023

Ta6auna 6. Pe3ysibTaThl pacueTOB OCHOBHBIX IIOKa3aTeJIeH KauecTBa KU3HU 110 KpUTepuio ®puamana
(DB JIK 36—49 %) (M +m)

Table 6. Calculation results of the main quality of life indicators according to the Friedman’s ANOVA test
(LVEF 36—49%) (M + m)

El (gigg?:fnb gg:;?:g 6 mec / 6 months 12 mec / 12 months 36 mec / 36 months p w
PF 31.67 + 3.05 53.44 + 3.25 51.56 + 2.80 52.31+ 2.87 0.00023 0.5
RP 5.56 + 3.23 20.31 % 6.54 15.63 £ 5.98 17.31 £ 10.36 0.37 0.08
BP 39.33 £ 2.53 65.56 + 3.92 68.44 £ 4.07 55.77 = 5.66 0.0032 0.35
GH 39.17 £ 3.99 48.63 + 4.55 50.00 % 2.40 48.77 + 4.63 0.041 0.21
VT 47.78 £ 3.73 63.56 + 3.23 60.31 £ 2.64 60.38 +£ 3.86 0.002 0.38
SF 59.00 + 3.30 86.31 + 2.99 80.94 + 2.54 73.00 + 4.61 0.00067 0.44
RE 36.67 £ 2.52 72.38 £ 3.43 66.00 + 0.00 53.38 £ 6.00 0.00004  0.59
MH 63.56 £ 2.46 73.50 + 2.94 72.88 + 2.64 68.00 + 2.86 0.012 0.28
80
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OlLieHKa N3MEHEHHI KauecTBa »KU3HU C TeUEHH-
€M BPEMEHH 110 OTHOIIEHUIO K UCXO/THBIM ITOKa3are-
JISIM BHYTPH TPYIIIIBI TAKIKE TTOKA3asIa MOJI0KUTEIb-
HYIO CTaTUCTUYECKU 3HAUMMYIO JUHAMUKY U3MeHe-
HUI MPaKTHYECKH II0 BCEM H3YYaeMbIM Ilapame-
TpaMm, 3a HCKJIIOUeHueM Iokazatens RP (poseBoe
dyHknuonuposanue) (tabi. 7).

B mocsienHuEe ro/ibl pa3BUTHE KapAUOXUPYPTUH
usieT ObICTPBIMU TEMIIAMH, COBEPIIIEHCTBYIOTCS Me-
TOJIbl THTEPBEHITMOHHOU Kapauosorun. OTHaKo WH-
¢apKT MHOKapJla W IOC/Ieayionias XpOHUUYecKas
cepaeuHas HemocratrouHocth (XCH) kak ObLIH, Tak
¥ OCTAIOTCS OJTHOW W3 TJVIABHBIX MPUYUH JIETAJTBHO-
CcTH B OOJIBIIIMHCTBE cTpaH mupa [1—-3]. B cBs3u ¢
STUM B HAayYHBIX HCCJIEIOBAHUSX MOCIETHETO Bpe-
MEHU Ha MEePBBIH IUIAaH BBHIXOJUT U3yUYeHUE TPodIie-
MbI OKa3aHHUsI BBICOKOCIIEIMATU3UPOBAHHON Meau-
IIUHCKOU TTOMOIIIY OOJIBHBIM ¢ UG Py3HBIM OparKe-
HUEM KOPOHAPHBIX apTepuii U HECOCTOSTEIbHBIM
JIUCTILHBIM PYyCJIOM, KOTOPBIM, HECMOTpPS Ha JI0-
CTHKEHUS B 00JIaCTH KOPOHAPHON XUPYpPrHH, HE
MIPUMEHUMBI TPAJUIIMOHHBIE METO/TBI IPSMOU peBa-
CKyJIApU3ally MUOKapza [4].

B HameMm wuccsieToBaHUHU OBLTH U3Y4YEHBI 0OJIb-
HBIE ¢ HOPMAJIFHOU U YMEPEeHHO cHikeHHOH OB JIK
(=50 % 1 36—49 %), B Ie4eHUH KOTOPBHIX HCIIOJIH30Ba-
JI0Ch BHAOMUOKapAnuaibHOe BBeZleHrne MOKKM B co-
YeTaHUH C COBPEMEHHOU MeIUKaMEHTO3HOU Tepariy-
e, ABJIAIOIIEHCS Ha CETOAHANIHNN JIeHb €IUHCTBEH-
HBIM METOJIOM, HAIIPaBJIEHHBIM HA YMEHbIIIEHUE CHM-
MITOMOB TIPOTPECCUPOBAHUS CEPAEUHON HE0CTaTOU-
HOCTH, YJIyJIIIeHHEe KAayecTBa »KU3HH U IIPOTHO3a 3a-
6osteBanus y naiuentoB ¢ UBC [1, 5]. KauecTBo xKu3-
Hu (KJK) 60bHOTO — OJIMH M3 HOBBIX KPHUTEPUEB
oneHKN 3G(PEKTUBHOCTH JIEUEHHs, TOJYIUBIINH B
MTOCJIEJTHUE TOZBI IITUPOKOE PACIIPOCTPaHEHNE B CTpa-
HaX ¢ BBICOKUM YPOBHEM Pa3BUTHS MEIUIIUHBI [9].

QOL is widely used as a reliable indicator in evaluat-
ing therapy outcomes. Even in cases where radical
treatments are used and the disease can be eliminat-
ed, an important outcome of treatment is the pa-
tients’ own assessment of the comfort of their condi-
tion which can vary over a wide range depending on
the side effects of the intervention. In this regard,
QOL takes on the importance of one of the main cri-
teria for successful treatment. The studies [10, 11]
carried out also in CHD patients after endomyocar-
dial implantation of mononuclear cells with a follow-
up of up to 12 months showed an improvement in
QOL as determined by the Seattle Angina Question-
naire.

Our study uses the SF-36 Health Survey. In the
group of patients with LVEF 50% or more over time,
all the parameters had a statistically significant im-
provement in regard to the baseline, but the largest
values for complete functional relationship (W) were
in PF, BP, RE. In the group of patients with LVEF
36—49%, almost all parameters had positive statisti-
cally significant changes, with the exception of RP.
By complete functional relationship (W), the most
significant were PF, RE and SF.

CONCLUSION

In CHD patients with normal and moderately
reduced LVEF (250% and 36—49%), over time all the
parameters of quality of life had a statistically signifi-
cant improvement in relation to the baseline data.
Their positive dynamics persisted throughout the
36-month follow-up regardless of the initial LVEF
values.

Conflict of interest. The authors declare no
conflict of interest.

TaGuuria 7. VIaMeHeHus TOKa3aTesIel KauecTBa KU3HU 110 KpuTepuio Busikokcona (OB JIXK 36—49 %)
Table 7. Changes in quality of life indicators according to the Wilcoxon’s matched pairs rank test (LVEF 36—49%)

Ilokazarenb HcxomHo 1 6 Mec HcxonHo u 12 mec HcxomHo u 36 mec
Indicator Baseline and 6 months Baseline and 12 months Baseline and 36 months
PF 0.0008 0.00098 0.0057

RP 0.042 0.1 0.6

BP 0.0012 0.00077 0.036

GH 0.028 0.013 0.032

VT 0.0017 0.00098 0.013

SF 0.00043 0.001 0.015

RE 0.00065 0.00098 0.075

MH 0.0037 0.0049 0.12
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Omnpenenenne KXK ocHOBaHO Ha MOHATHUH 3]10-
PpOBbs, IPeJIOKeHHOM BceMUpHON opraHusanuei
37IpaBOOXpaHeHUA: «3J0POBbE — ATO ITOJIHOE HU3H-
YEeCKOe, COI[UAJIbHOE U IICHXOJIOTUYECKOe 0J1aroro-
JIyurie 4eJIoBeKa, a He IIPOCTO OTCYTCTBHE 3a060JieBa-
HUSA». B WcCIeoOBaHUAX, ITOCBAIIEHHBIX IIOWCKY
ONTHUMAJIBHON CTpaTernu JieueHUs, 0CODEHHO XpOo-
Huueckux 3aboseBanuii, KoK mupoko npumeHsercs
KaK HaJEeXXHBIH WHJIUKATOD IIPU OLIEHKE pe3ysIbTa-
TOB Tepamnuu. /la’ke B caydasnx, KOT/ia NCIOJIb3YIOTCS
pazuKaIbHblE METO/IbI JIeUeHHs U O0JIe3Hb yIaeTcs
YCTPAHUTb, BAXKHBIM UTOTOM JIEUEHUS SIBJISIETCS COO-
CTBEHHAs OIleHKa OOJIbHBIM KOMQOPTHOCTH CBOETO
COCTOSIHU S, KOTOPAsA MOXKET U3MEHATHCA B IIUPOKOM
JUara3oHe B 3aBUCUMOCTH OT ITOOOUHBIX 3D PEKTOB
BMeIlIaTesIbcTBa. B aroil cBasu KXK mpuobperaer
3HAUYeHUe OJTHOTO U3 OCHOBHBIX KPUTEPUEB YCIEII-
HOTro JieueHus. B ucenenoBanusx [10, 11], mpoBeieH-
HBIX TakKe y namnueHToB ¢ M1IBC nocie sHAOMIOKAp-
JIMAJIbHOTO BBEJIEHUS MOHOHYKJIEADHBIX KJIETOK CO
CPOKOM HAOJIIOZIEHUS JI0 12 MeC, OTMEUYEHO YIIydIIe-
HUe KayecTBa JKU3HU, OIpeJleJIEHHOEe C ITOMOIIIbIO
CH3TIICKOTO OIIPOCHHUKA TI0 CTEHOKAP/IUH.

B mpoBeleHHOM HAMU HCCJIETOBAHUU HCIIOJh-
30BaH OIPOCHUK KaudecTBa ku3HU SF-36. B rpymme
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6ospHBIX ¢ OB JIXK 50 % u Gosiee co BpeMeHeM Bce
n3ydyaeMble IOKa3aTeIN UMeIN CTaTUCTUYECKN 3Ha-
YUMOE YJIyUIlleHUe TI0 OTHOIIEHUIO K UCXOAHBIM, HO
HaAWOOJIbIIINE 3HAYEHUS I10 TOJTHOU (DYHKIMOHAb-
Hoii cBs3u (W) 6butn y PF, BP, RE. B rpymie 6071b-
HbIx ¢ OB JI’K 36—49 % mpakTuuyecKH Bce OKa3aTe-
JI IIMEJIU TIOJIOKUTEIbHbIE CTATUCTUIECKN 3HAYUU-
Mble U3MeHeHus, 3a uckaodenrneM RP. ITo mosHoHI
dyukmonansHou cBsa3u (W) Haubosiee 3HAUUMBI-
mu aBisick PEF, RE u SF.

3AK/IIOYEHUNE

V¥ 6ospabIx UBC ¢ HOpMaJIbHON U yMepeHHO
cumxenHor OB JIXK (=50 % u 36—49 %) co Bpeme-
HeM Bce u3ydaeMble IOKasaTesd KadecTBa >KU3HU
UMeJIN CTaTUCTUYECKH 3HAUNMOe YJIy4dllleHue 10 OT-
HOIIEHWIO K UCXOJHBIM JaHHBIM. X mosiokurtesnb-
HasA AUHAMUKA COXPaHsAIach Ha MPOTKEHUU BCETO
36-MecaYHOro nepuozia HaGIIOeHUA HEe3aBUCUMO
ot ucxoauoi ®B JIK.

KoundaukT nHTEepecoB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUM KOH(MIIMKTA UHTEPECOB.
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HN3MeHeHUA CTPYKTYPHOU opranusanuu ¢puopoo/1acToB JeceH
00JIBHBIX XPOHUYECCKHM I'MHI'MBUTOM ITIOCJIE€ BOBI[eﬁCTBHH
MMOCTOSHHOTO 3JIEKTPUYECKOTIO TOKA

Camorinos K.O.

@I'BOY BO «Hogocubupckuil 2ocydapcmeettblit meduyuHckuil yHusepcumem» Munadpaea Poccuu

Changes in the structure of gingival fibroblasts of patients
with chronic gingivitis after a direct electric current stimulation

Samoilov K.O.

Novosibirsk State Medical University

AHHOTAILIUA

Ilenp. VByuuTh N3MEeHEeHHsI, pa3BUBaloliuecs B pubpobiactax eceH 60JTbHBIX TPOCTHIM MaPTUHATBHBIM XPO-
HU4YeCKUM ruHTUBUTOM (XT') Iocjie KOMIIJIEKCHOM Teparuy, BKIKUaBIIeld aHO/I-TaIbBAHU3AI[UIO JIECEH.

MaTepuaabl U MeTO/Bl. IIpOBEIEHO U3YUEHUE C IOMOIIBI0 METOZIOB CBETOBOM U 3JIEKTPOHHOM MHUKPOCKO-
nuH, MopdoMeTpruu 06pasIioB TKaHeH AeceH 39 uelt. (10 — ¢ MHTAaKTHBIMHU JleCHaMu; 10 — GostbHble XI' /10 JIeUueHust; 19 —
6ospHbBIE XTI TTOC/IE KOMILJIEKCHOTO JIEUEHHU I, BKJIIOYABIIIETO, KPOMe NMPO(deCCHOHATBHOTO CHATHSA 3yOHBIX OTJIOKEHUH,
obyueHre METO/IMKE TUTHEHUYECKOT0 yX0/1a 3a MOJIOCTHIO PTa, KOHTPOJIb 32 YPOBHEM I'MTHEHBI TIOJIOCTH PTa U 3-KpaT-
HOE ITPOBEJIEHNE aHO/I-TaJIbBAHUBAIINH JIECEH T10 5 MHUH, IO3BOJISIONIEH B KpaTyalIine CPOKU KYyITHPOBATh OTEUHOCTD U
KPOBOTOUYHMBOCTb JIECEH).

PesyabTaThl. B dubpobiacrax meceH OOJBHBIX XPOHUYECKUM TMHTHUBUTOM IOCJIE€ TIPOBEIEHHOTO JIEUeHUs],
BKJIIOUABIIIET0 aHO/-TaJIbBAHU3AIMIO, OB BBISBJIEHBI CTPYKTYPHBIE NPU3HAKUA CHUKEHUS CUHTETHYECKON aKTUB-
HOCTHU KJIETOK. B MEKKJIETOUHOM BEIeCTBE CJIOSI COeTUHUTEILHON TKAaHU JleceH 00Hapy:KeHO yBeJndeHre 00'beMHOMN
IJIOTHOCTH KOJIJIAT€HOBBIX BOJIOKOH, BEPOSITHO KaK CJIE/ICTBUE JIETUAPATAIINY TKAHEH JIECHBI IO/ BO3/IEHCTBUEM IIOCTO-
STHHOTO 9JIEKTPUYECKOTO TOKA.

3aKkJOUYeHUEe. BhisABIEHHbIE CTPYKTYPHBIE H3BMEHEHHUSI MOTYT OKa3bIBATh BJIUSHUE Ha MPOIECCHI perapanuu
B ITAPOJIOHTE.

Karoueawvle ca068a: MapofoHT, IeCHA, THHTUBUT, GUOPOOIIACT, KOJIJIAaT€HOBBIE BOJIOKHA, AHO/I-TAJIbBAHU3AIIVS.

ABSTRACT

Aim. Toinvestigate structural changes developing in gingival fibroblasts of marginal chronic gingivitis (CG) patients
after comprehensive therapy including anode galvanic stimulation of the gums.

Materials and methods. A study was conducted using the methods of light and electron microscopy, mor-
phometry of gingival tissue samples of 39 individuals (10 patients with intact gums, 10 patients with CG before treatment,
and 19 patients with CG after treatment including, in addition to professional removal of dental calculus, training in oral
hygiene techniques, monitoring the level of oral hygiene and 3-fold gingival anode galvanic stimulation for 5 min which
allows to stop swelling and bleeding of gums as soon as possible).

Results. Inthe gingival fibroblasts of patients with chronic gingivitis after treatment, which included anode-galva-
nization, structural signs of a decrease in the synthetic activity of cells were detected. An increase in the volume density of
collagen fibers was found in the extracellular matrix of the gingival connective tissue layer, probably due to the dehydration
of the gum tissue under effect of direct electric current.

Conclusion. The identified structural changes may affect the repair processes in the periodontium.

Keywords: periodontium, gingiva, gingivitis, fibroblast, collagen fibers, anode-galvanization, direct current stimulation.
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BBEJAEHWUE

B KOMILJIEKCHYIO TEPATUIO OOJIBHBIX C BOCIIAIH-
TEJIbHOW IMaTOJIOTUEH NapoJoHTa (TUHTHBHUT, Iapo-
JIOHTUT) PEKOMEH]IOBAaHO BKJIIOUeHHe (pusuorepa-
MMEBTUYECKUX METO/IOB JieueHus (amekTpodopes je-
KapCTBEHHBIX BEIleCTB, aHO/-TaJIbBaHu3aus) [1], B
poriecce KOTOPhIX TKAHU IIaPOIOHTA II0/[BEPraOTCs
BO3JIECTBHUIO MOCTOSIHHOTO BJIEKTPUYECKOTO TOKA.
OHAKO CTPYKTYpPHbIE U3MEHEHUsI, PA3BUBAIOIIHECS
B COEIMHUTEIbHOTKAHHBIX CTPYKTYpaX TKaHEH Jec-
HBI TIOCJIE BO3JIEHCTBHS IOCTOSHHOTO 3JIEKTpUYe-
CKOTO TOKAa, KOTOPbIE BO MHOTOM OIIPEEISIOT IIPO-
recc peabwInTaly MOPAYKEHHBIX TKAHEH ITapoj0H-
Ta, U3yYeHbl HEJIOCTATOYHO.

IEJIb NCCJIEAOBAHINA

l3yueHne CTPYKTYPHBIX H3MEHEHUH, Pa3BUBa-
onuxes B pubpobacrax geceH 60JIbHBIX XPOHUYE-
CKUM THHTHBUTOM II0J] BO3/IEHCTBHEM IIOCTOSIHHOTO
BJIEKTPUYECKOTO TOKA.

MATEPHUAJIBI 1 METO/AbI

B uccreoBaHUY NPUHAIM yYacTHe 39 J100po-
BOJIBIIEB 000€ETO I0J1a B Bo3pacre OT 18 710 30 JyeT. Y
BCeX IMalMeHTOB, BKJIIOYEHHBIX B HCC/IEZIOBAHIE, T10-
JlydeHO MH(OPMUPOBAHHOE coIvIacHe Ha yJacTHe B
rccyiefioBaHun. [IpoBeleHHOe HCCIIeoBaHUE HAaXO-
JIUTCS B TIOJTHOM COOTBETCTBUHU C MEXKIYHAPOHBIMU
U POCCUHCKUMU 3aKOHOZATEIbHBIMU aKTaMH O I0pHU-
JITIECKOM U STUYECKOM ITPUMEHEHUN MeIKO-0H0JI0-
THYECKUX HCCIIEIOBAaHUU Y yesoBeKa. Bee mcememye-
Mble aIMeHTh! ObLIN pas/iesieHbl Ha 3 IPYIIILL. I'pyT-
I1a 1 COCTOSsIIA M3 10 YeJI. ¢ MHTAKTHBIM ITapOIOHTOM,
rpymnma 2 — 10 HAIUeHTOB C IIPOCTBIM MapTUHAJIb-
HBIM XpOHUYecKuM ruHrusutoM (XI') /10 jiedeHus u
rpyTa 3 — 19 HaIUeHTOB C IIPOCTHIM MapTUHAIEHBIM
XPOHHUYECKUM T'HTHTHUBUTOM II0C/IE KOMILJIEKCHOTO JIe-
YeHHs], BKJIIOYABIIET0, KpoMe IIPOdeccCOHAIbHOTO
CHSATHUS 3yOHBIX OTJIOXKEHUH, 00yUueHre METOIVKE TH-
THEHNYECKOTO YXO0Za 3a IOJIOCTHIO0 PTa, KOHTPOJIb 32
YPOBHEM THUTHEHBHI IIOJIOCTH PTa U 3-KpaTHOe IpOBe-
JIeHVEe aHO/I-TJIbBAHU3AIINH JIeCEH I10 5 MUH.

Y KaX7oro mamueHTa IO aNIINKAIlMOHHON
anecresuei 10% Sol. Lidocaini ¢ moMoIIbI0 ¢cTOMAaTOo-
JIOTUYECKOT'0 WHCTPYMEeHTapusi Opayiil TKAaHU JECHBI
U3 MEXK3YOHBIX COCOYKOB (DPOHTAIIBHOU TPYTIIIHI 3y-
60B 00bEMOM 1—1.5 MM3 B IIPOIlECCE MEXaHUYIECKON
OUNCTKU 3y0OB OT TBEPBIX 3yOHBIX OTJIOKEHUH. JTa
IIpoIie/iypa MPaKTUIECKU Oe3BpeIHA JJIs MTAINEHTA,
IIpU 3TOM JleCHA IIOJIHOCTHIO BOCCTAHABJIMBAETCS B
TeueHUe HECKOJIbKUX JTHEM.

O6pasupl TKaHEH (PUKCHPOBAIN B 1% pPaCTBOpPE
0s0, Ha docdarHoM oydepe (pH 7.3), meruaparupo-
BQJIN B CEPUU CIIMPTOB BO3PACTAIOIIEH KOHIIEHTPAIIIH

INTRODUCTION

Physiotherapeutic methods (electrophoresis of
medicinal substances, anode galvanic stimulation)
[1], during which periodontal tissues are exposed to
direct electric current, are recommended to include
in the comprehensive therapy of patients with in-
flammatory periodontal pathology (gingivitis, peri-
odontitis). However, the structural changes that de-
velop in the connective tissue structures of the gum
after direct current stimulation, which largely deter-
mines the rehabilitation of the affected periodontal
tissues, have not been sufficiently studied yet.

AIM OF THE RESEARCH

To investigate the structural changes that de-
velop in gingival fibroblasts in patients with chronic
gingivitis (CG) under the influence of direct electric
current.

MATERIALS AND METHODS

39 individuals (volunteers) male and female
aged 18 to 30 years participated in the study. In-
formed consent to participate in the study was signed
by all patients enrolled in the research. The conduct-
ed study is in full compliance with international and
Russian legislation on the legal and ethical applica-
tion of medical and biological research in humans.
All patients studied were divided into 3 groups.
Group 1 consisted of 10 individuals with intact peri-
odontium, group 2 — 10 patients with simple mar-
ginal chronic gingivitis before a treatment, and
group 3 — 19 patients with simple marginal chronic
gingivitis after the comprehensive treatment which
included, in addition to dental plaque removal, train-
ing in oral hygiene technique and monitoring of the
level of oral hygiene, as well as 3-fold anode galvanic
stimulation of gums for 5 min.

Each patient was taken gingival samples from
the interdental papillae of the frontal group of teeth
with a volume of 1—1.5 mm3 during the mechanical
cleaning of teeth from hard dental deposits under the
application anaesthesia with lidocaine solution
(10%). The procedure was almost harmless to the pa-
tient, while the gums were completely restored with-
in a few days.

Tissue samples were fixed in a 1% solution of
OsO, in phosphate buffer (pH 7.3), dehydrated in a
series of alcohols of increasing concentration and
embedded in Epon. From 5 blocks of gum tissue
samples taken from each patient, semi-thin sections
were obtained which were stained with toluidine
blue at a temperature of 40°C and used to study the
connective tissue layer of the gums.

Ultra-thin sections were obtained on the LKB-
8800 ultramicrotome and contrasted with saturated
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Y 3aKJII0YaIH B BII0H. V3 5 OJIOKOB TKaHEH JI€CHBI,
B3ATOH OT KaXK/I0T0 MaINeHTa, I0IyJaIn IOJyTOHKUE
Cpe3bl, KOTOPbIE OKPATIIMBAIH TOJTYUIMHOBBIM CHHIM
1pu Temriepatype 40 °C 1 UCIOJIb30BIN JIJIA UCCIIe-
JIOBAHUS CJI0S COEIUHUTEIBHOM TKAHU JIeCeH.

Ha ynwsrpamukporome LKB-8800 mnosyganmn
VJIBTPATOHKHE CPE3BI, KOTOPhlE KOHTPACTUPOBAIU
HACBIIIIEHHBIMH BOJIHBIMU PAacTBOpaMH ypaHUJaIe-
Tara W OUTPATAa CBUHIIA, 3aT€M IOKPBIBAJIU CJIOEM
yIJIepoZia B BAaKyyMHOM HCIApUTEse U HU3Y4Yaad B
371eKTpoHHOM MuKpockorie JEM 1008 (ASID) SEGZ.

Jna ueneit mopdoMeTpuy IpU anmapaTHOM
yBenmueHnn 2800 pas dotorpadupoBanu Gubdpo-
6s1acthl fiecHbI (puc. 1). MopdoMeTpuio mapaMeTpoB
¢pubpobiacToB JleceH MPOBOAWIUA C ITOMOIIBIO OT-
KDPBITBIX U 3aKPBITBIX TECTOBBIX CHUCTEM W3 KBajpa-
TOB IIPU KOHEUHBIX YBEJINUEHUAX 14 000 U 44 800.

BeposATHOCTD JTOCTOBEPHOCTH PAa3IUYUN CpPaB-
HHUBaeMbIX cpeslHuX M + m (M — cpeHsisa BeJTUYUHA,
m — omuOKa penpe3eHTATUBHOCTH) OIIPEEIIAIH,
COIIOCTABJISAS 3HAUEHUS KPUTEPHS TOCTOBEPHOCTH CO
CTaH/IAPTHHIMU 3HAUeHUAMH KpuTepus CThIO/IEHTA.
Paszyuuunsa cauTa u OCTOBEPHBIMU IIPH P < 0.05.

PE3YJIBTATBI 1 OBCYXKJIEHUE

[Ipu ucceOBaHUU YIBTPACTPYKTYPhl PUOpPO-
6J1acTOB JieceH OOJIbHBIX XPOHUYECKUM THHTHBUTOM
IocJIe TIPOBEIEHHOTO JIeueHusA ObLI0 OOHAPYXKEHO,
YTO MOBEPXHOCTHAS IJIOTHOCTDH f/Iep KJIETOK ObLia
TaKOW 3Ke, KaK U B KJIeTKaX OOJIbHBIX THHTUBUTOM JI0
JIedeHus], HO IIPU 3TOM Ha 14 % ycTymasa BeJIMYnHe
AHAJIOTUYHOTO II0KA3aTesisi B 3/I0POBBIX KJETKaX
(Tabi. 1). B TO ke BpeMs 00'beMHasi IJIOTHOCTD s/IEP
(bubpobacToB /receH GOTBHBIX TOCTIE JIEUEHHS BO3-
pacrasia Ha 10 % I10 CPaBHEHUIO C BEJTUNYMHOU aHAJIO-
TUYHOTO TI0Ka3aTesis y 60JIBHBIX 0 JIeUeHUsI, JOCTHU-
ras ypoBHs, OINPEJIEISIEMOTO B 3/I0POBBIX KJIETKaX
(cM. Tab. 1). IIpu 5TOM BeTUYMHA OO'BEMHOU ILJIOT-
HOCTHU IIUTOILIA3MbI KJIETOK OOJIBHBIX IIOCIIE JIEYEH ST
He usMeHsaach (cM. Tabia. 1). KomuuecTBo mpUKpe-
IUIEHHBIX pubocoM B pubpobaacTax G0JIBHBIX OCTIE
[IPOBEIEHHOTO JIEUeHHSI YMEHBIIWIOCh U ObLIO B
2 pasa MeHbIlle, YeM y OOJIBHBIX /IO JeUeHus, U Ha
35 % MeHbIIle, YeM B KJIETKaX 37[0POBBIX JieceH (CM.
TabJ1. 1). KosmmuecTBo ke CBOOOTHBIX PUOOCOM OCTa-
BasIOCh TAKUM K€, KaK U B KJIeTKax O0JIbHBIX JI0 JIede-
HUS, ¥ ObLJIO HA 30 % MeHblIe, 4eM B pubpobracTax
310pOBbIX eceH. O6beMHAsT IIOTHOCTh IPAHYJISAP-
HOTO 3HJIOTIa3MaTHYeCcKOoro petukyiayma (I'9P) du-
6pobJi1acToB GOIBHBIX TOCJIE JIeueHUs ObLIa B 2 pa3a
00JIbIlle, UeM B KJIETKAX 3/[0POBBIX JIeCeH, U Ha 41 %
MIPEBOCXO/INJIA BEJIMUUHY aHAJIOTUYHOTO MTOKA3aTEIs
y GOoJIbHBIX /10 JiedeHus (cM. Tabs. 1). O6beMHas
IIOTHOCTh KOMILIEKca I'0JIbIKY B KJIeTKax OOJIbHBIX

aqueous solutions of uranyl acetate and lead citrate,
then coated with a layer of carbon in a vacuum evap-
orator, and examined with a JEM 100S electron mi-
Croscope.

For the purpose of morphometry, gingival fibro-
blasts were photographed with magnification of
2800 (Fig. 1). The morphometric analysis of gingival
fibroblasts was performed using open and closed
square test systems at final magnifications of 14 000
and 44 800.

The probability of differences’ significance in
compared average values M + m (M — average value,
m — representativeness error) was determined, by
comparing the values of the reliability criterion with
the standard values of the Student’s t-test. The dif-
ferences were considered significant at p > 0.05.

RESULTS AND DISCUSSION

When studying the ultrastructure of gingival fi-
broblasts in patients with chronic gingivitis after the
treatment, it was found that the surface density of
cellular nuclei was the same as that of the cells of
patients with gingivitis before treatment, while it
was 14% lower than the same indicator in healthy
cells (Table 1). At the same time, the volume density
of the gingival fibroblasts nuclei after treatment in-
creased by 10% compared with the same indicator in
patients before treatment and reached the volume
density of healthy cells (see Table 1). Besides, the
volume density of the cellular cytoplasm in the pa-
tients after treatment did not change (see Table 1).
The number of attached ribosomes in fibroblasts of
patients after treatment was reduced and was
2 times less than in patients before treatment, and
35% less than in cells of healthy gums (see Table 1).
While the number of free ribosomes remained the
same, as in the cells of the patients before treatment,
and was 30% less than in the fibroblasts of healthy
gums.

The volume density of the granular endoplas-
mic reticulum (GER) of fibroblasts in patients after
treatment was 2 times higher than in cells of healthy
gums and was 41% greater than the value of the
same indicator in patients before treatment (see
Table 1). The volume density of the Golgi complex
in the cells of patients with gingivitis after treat-
ment did not change (see Table 1). At the same
time, the volume density of microfibrils in cyto-
plasm of fibroblasts in patients after treatment de-
creased by 16% compared with the same indicator
in the cells of patients before treatment and was
2 times less than in cells of healthy gums (see
Table 1). In fibroblasts of patients with gingivitis af-
ter treatment, the surface density of mitochondria
and their cristae increased by 22% and 40% respec-
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Puc. 1. dnutenanbHbIi (A), coeTMHUTETPHOTKAHHBIH (B) cion u dubpobaact (C) mecHbI 607IbHOTO
XPOHUYECKUM THHTMUBUTOM ITOCJIE JIEUEHUs, BKIIOUABIIET0 aHO-TaIbBAHN3AIINIO. Y BEJIMUEHHE 500

Fig. 1. Epithelial (A), connective tissue (B) layers and fibroblast (C) of the gum in a patient with chronic gingivitis
after treatment including anode galvanic stimulation. Magnification 500

THHTHBUTOM IIOCJIE€ JieueHUs] He M3MeHsIach (CM.
TabJ1. 1), TOr/Ia Kak 00'beMHAs IIOTHOCTh MUKPO(U-
O6pus B uTorutazme (pudpo61acToB 6OTBLHBIX ITOCTIE
JledeHHs] YMEHbIINIAch Ha 16 % IO CpaBHEHWIO C
AHAJIOTMYHBIM IIOKA3aTeJIeM B KJIETKax OOJIBHBIX JI0
JledeHus U ObLIa B 2 pa3a MEHBIIEN, UeM B KJIeTKaX
370POBBIX JeceH (cM. Tabit. 1). B dubpobiacrax me-
ceH OOJIbHBIX THHTUBUTOM I10CJIE JIEYEHUs BO3PACTa-
Jla BeJTMYNHA TOBEPXHOCTHBIX IJIOTHOCTEH MUTOXOH-
QDU ¥ UX KPUCT Ha 22 U 40 % COOTBETCTBEHHO TIO
CPaBHEHUIO C 3TUMU IOKA3aTEeJISIMUA B KJIETKAX 3/10-
poBbIX AeceH (cM. Tabi. 1). Takke yBeIUYHMBAJIaCh
o0BbeMHasl IVIOTHOCTh MUTOXOHAPUH, KOTOpas ObLia
Ha 30 % 6oJIblile, YeM Y O0JIbHBIX THHIHBUTOM JIO JIe-
YeHWs, a YNCIeHHasl IUIOTHOCTh MUTOXOHAPUH, Ha-
[IPOTUB, YMEHBIIIaIach U ObLIa Ha 32 % MEHbIIIE, YeM
B KJIETKAaX 37/I0POBbIX TKaHeH (cM. TabJI. 1).

IMapa/uteJIbHO IIPOUCXOAWIO 3HAYUTEIHHOE
yBeJInYeHne OO0beMHOM IIOTHOCTH KOJIJIAaT€HOBBIX
BOJIOKOH B MEXKKJIETOUHBIX ITPOCTPAHCTBAX COEIU-
HUTEJIbHOTKAHHOTO CJIOSI IeCeH OOJIbHBIX TMHTUBHU-
TOM TIOCJIE BO3JIEHCTBUs MOCTOSHHOTO 3JIEKTPUYE-
CKOT0 TOKa. ATOT MOKa3aTeJib IPEBOCXOAWI Ha 55 %
VPOBEHD B 3/IOPOBBIX JIECHaX U ObLI OOJIBINE B 2.5
pasa mo CpaBHEHUIO C IPYNIOH OOJIbHBIX THHTHUBU-
TOM /10 JieueHus (cm. TabJI. 1).

tively compared with these indicators in cells of
healthy gums (see Table 1). The volume density of
mitochondria also increased and was 30% higher
than in patients with gingivitis before treatment,
and the numerical density of mitochondria de-
creased and was 32% less than in cells of healthy
tissues (see Table 1).

In parallel, there was a significant increase in
the volume density of collagen fibers in the intercel-
lular matrix of the gingival connective tissue layer in
patients after a direct current stimulation. This indi-
cator was 55% higher than in healthy gums, and was
2.5 times greater than in the group of patients with
gingivitis before treatment (see Table 1).

In fibroblasts actively secreting collagen, there
are typical ultrastructural signs of this process —
folding of the nuclei and an increase in the number
of microfibrils in the cytoplasm [2]. In gingival fi-
broblasts of patients after treatment, the microfi-
bril volume density in the cytoplasm decreased
compared with the density of chronically inflamed
gingival cells before treatment and was significant-
ly less than in healthy gums (see Table 1). Also,
there was an increase in the volume density of fi-
broblast nuclei compared with the patients before
treatment while their surface density remained un-
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Ta6snna 1. Pesynperatsl Mopdomerpun ¢pudbpobaacTos aece (M + m)

Table 1. Results of gingival fibroblasts’ morphometry (M + m)

1-s1 rpymmna 2-51 TpyIIa 3-s1 rpymma (6oapHbIE
HccnenoBaHHbBIE CTPYKTYPHI (MHTAKTHBIN (60pHBIE XT XT mocJie aHOJ-TaJTb-
1 Mop(doMeTpUUecKHe mapaMeTpPhl MIapOJIOHT) JIO JIEUEHIST) BaHU3AININ)
Structures and morphometric parameters 1%t group (intact 2" group (gingivitis 3" group (gingivitis

periodontium) before treatment) after anode galvanic)
fAnpa / Nuclei:

Sv 0.14 + 0.005 0.11 + 0.008* 0.12 + 0.008*

Vv 7.0 + 0.3 6.7 + 0.1 7.4 + 0.11*
Anpeimku / Nucleoli (Vv) 0.28 + 0.04 0.25 + 0.06 0.19 + 0.08
uromiazma / Cytoplasm (Vv) 7.0 + 0.3 7.1+ 0.5 7.3+ 0.9
Pu6ocomel / Ribosomes (INv):

cBobozHbIe / free 417 + 3.1 28.5 + 2.5% 28.9 + 3.7*

npukperienHsie / attached 78.1 + 4.02 101.8 + 7.9% 50.2 + 6.6%*

I'DP / GER:

Vu 22.0 + 1.3 32.6 + 1.9% 46.3 + 4.7**

Sv 3.6 + 0.15 4.9 + 0.3% 4.05 + 0.3*
MuTtoxouapuu / Mitochondria:

Nv 0.063 + 0.006 0.067 + 0.014 0.043 + 0.008*

\ %3] 10.1+ 0.7 9.2+ 1.0 12.0 + 1.1*
Membpana mutoxoHipuii / Mitochondrial
membrane (Sv):

Hapy»kHas / outer 0.76 + 0.035 0.81 + 0.044 0.93 + 0.07*

BHYTpEeHHss / inner 1.21 + 0.06 1.52 + 0.11% 1.70 + 0.5%
Komrmnexe Tosbsku / Golgi complex (Vv) 1.8 + 0.2 2.1+ 0.3 1.70 + 0.5
Mukpodubpusisl / Microfibrils (Vv) 61.2 + 1.5 36.9 + 1.1* 30.9 + 1.5%*
Kosnnarenossie BosiokHa / Collagen fibers (Vv) 29.3 + 2.6 16.0 + 2.8% 45.7 + 5.5%*

ITpumevyaHuA: Sv— NOBEPXHOCTHASA IJIOTHOCTD CTPYKTYD B 00beMe, MKM’/MKM; VU — 00beMHasA IIJIOTHOCTD CTPYKTYD B 00beMe, %;
Nv — uncieHHas IWIOTHOCTD CTPYKTYP B 00beMe, MKM/MkM3; [DP — rpaHy/IsspHBIH SH/I0IIa3MATUIECKUH PETUKYIIYM.

* JlocToBepHOE pazyinyre Mex/1y BeJINYMHAMU COOTBETCTBYIOIIHX IIapaMeTPOB B 1-I IpyIIIe.

* JTOCTOBEPHOE pazyindue MeK/y BeJINIMHAMY COOTBETCTBYIOIIIX IAPAMETPOB BO 2-# TpyIIIIe.

Notes: Sv— surface density of structures in volume, um°/um; Vv — volume density of structures in volume, %; Nv — numerical density
of structure in volume, pm°/ums3; GER — granular endoplasmic reticulum.

* Significant difference between the values of the corresponding parameters in the 1% group.

* Significant difference between the values of the corresponding parameters in the 2" group.

B ¢ubpobiactax, aKTHBHO CEKPETHUPYIOIIUX
KOJIJIareH, UMEIOTCs TUITMYHBIE YIBTPACTPYKTYPHbIE
MIPU3HAKU 3TOTO IIpoliecca — CKJIAAYaToOCTh sep U
VBEeJIMUEHUE KOJUYECTBA MUKPODUOPHLI B IUTO-
mwia3me [2]. B dpubpobaacrax meceH 60IBHBIX OCTIE
[IPOBEIEHHOTO JieueHuss 00beMHasi IUIOTHOCTh MH-
KpopuOpW/UT B MUTOILJIa3Me CHU3UJIACH IO CPaBHE-
HUIO C YPOBHEM, OIPE/IEJIIEMbIM B KJIETKaX XPOHU-
YeCKH BOCITAJIEHHBIX JIECEH JI0 JIeUeHusI, U ObLia Cy-
IIIECTBEHHO MEHBIIIE, UeM B KJIETKAX 3/[0POBBIX JIECEH
(cm. Tab1. 1). TakKe MPOUCXOUIIO YBETUUEHHE 00D~
eMHOH IUTOTHOCTH sijiep GuOpo6IacTOB MO CpaBHE-
HUI0 C aHAJIOTMYHBIM TOKa3aresjeM Y GOJIbHBIX 710
JIeYeHUsl, TIPU HEU3MEHHOU BEJMYMHE UX IIOBEPX-
HOCTHOH IIOTHOCTH (CcM. TabJ1. 1), YTO CBHUETEIb-
cTByeT 00 yBeJIMUEeHUHW pasMepoB szmep Gpubpobia-
CTOB U uX 6oJiee okpyryion ¢popme. CremoBaTesbHO,
BBIIIIEYKA3aHHbIE CTPYKTYPHbIE n3MeHeHus Gpudbpo-
6s1acTOB GOJIBHBIX IIOCJIE JIEYEHUS MTO3BOJISIOT Clie-

changed (see Table 1). This fact indicates an in-
crease in the size of the fibroblasts’ nuclei and their
more rounded shape. Consequently, the above
structural changes in fibroblasts of patients after
treatment allow us to make an assumption that the
secretory activity of these cells is reduced com-
pared with that of gingival fibroblasts in patients
before treatment.

This assumption is confirmed by a decrease in
the number of attached fibroblast ribosomes after
therapy (see Table 1) which are used for the synthesis
of substances for “export” [3, 4]. The number of free
ribosomes, on which the synthesis of elements inside
cellular structures takes place [3, 4], remained un-
changed compared with the level in patients before
treatment, but at the same time, it was significantly
less than in cells of healthy gums (see Table 1). The
reduced level of free ribosomes of fibroblasts in pa-
tients after treatment probably caused the low count
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JIaTh IIPEIOJIOKEHNE O CHHKEHUU YPOBHS CEKpe-
TOPHOM aKTUBHOCTU 3TUX KJIETOK I10 CPABHEHUIO C
TakoBOI (pr6p00J1acTOB fleceH OOTBbHBIX /10 JIEUEHUST.

ATO MPEIIIONIOKEHNE MOATBEPKIAETCA UME0-
I[AM MECTO YMEHbBIIIEHHEM KOJIUYEeCTBa IMPUKpe-
IUIEHHBIX prbocoM B (pubpobiactax eceH 60TbHBIX
OCJIe MMPOBEIEHHON Tepanuu (cM. TabJI. 1), Ha KOTO-
PBIX OCYIIIECTBIISETCS CHHTE3 BEIIECTB HA «9KCIOPT»
[3, 4]. KonuuecTtBo ¢BOOGOAHBIX puOOCOM, HAa KOTO-
PBIX IPOUCXOUT CUHTES DJIEMEHTOB BHYTPH KJIETOU-
HBIX CTPYKTYpP [3, 4], ocTaBajicsi HEM3MEHHBIM II0
CpaBHEHUIO C YPOBHEM y OOJIBHBIX 10 JIEUEHUsI, HO
[IPYA 9TOM OHO OBLIO CYIIECTBEHHO MEHbIIIE, YeM B
KJIETKaxX 37I0POBBIX JeceH (cM. Tabi. 1). IloHM*KEH-
HOe cojieprKaHue ¢cBOOOAHBIX pubocoM B hpubpobIa-
cTax OOJIBHBIX IIOCJIE JIEUEHUS, BEPOATHO, O0YCIIOB-
JINBAJI0O U HU3KOE COMieprKaHre MUKPOGUOPUII B
NUTOIUIa3Me HTHUX KJIETOK, a He3HAUYUTeJTbHOe
YMEHBIIIEHNE UX KOJIMYECTBA [T0 CPABHEHUIO C KJIET-
KaM# OOJIBHBIX 10 jiedeHus (Ha 16 %), BO3MOKHO,
CBSI3aHO C UBMEHUBIITUMCS YPOBHEM CEKPEIUU STUX
ki1etok (cm. Tabur. 1).

B ¢ubpobiaacrax 60JIbHBIX TOCTIE JIEUEHHUs Be-
JINYMHA OBEPXHOCTHOU m10oTHOCTU ['OP cHU3MIach
10 CPAaBHEHHUIO C YPOBHEM B KJIETKAX OOJIBHBIX /10 JIe-
YeHUs, B TO JKe BpeMs OO0beMHasl IJIOTHOCTh ['OP
ATUX KJIETOK Bospacrasna (cm. Tabs. 1). M3BecTHO,
YTO yBeJIUUEHHE 00BEMHON U ITOBEPXHOCTHBIX IJIOT-
HocTel 'OP cBU/IETEILCTBYET O MOBBIIIIEHUHN CEKPe-
TOPHOU akTUBHOCTHU pubpobacTos [5]. B To ke Bpe-
Ms MOKa3aHO, YTo CUHTe3 Oeyika B ¢ubpobiiacrax
MOKeT 0oJiee aKTUBHO IIPOTEKATh B Y3KUX ITHUCTEP-
Hax ['9P [6]. A TakKe ecTh JJaHHBIE O TOM, UTO pac-
mupeHue kKaHatbieB ['OP B pubpobiacrax ABisgeT-
Cs1 B OZTHUX CJIy4asiX pe3yJIbTaTOM YCKOPEHUsI CHHTe-
3a KOJIJIareHa, a B IPyTux — 3aMeyieHus [7]. AT ke
aBTOPBI, 0OCYKIasA BO3MOYKHBIE IIyTH CEKPEIIUH U3
(bubpobacToB, yKa3bIBAIOT HA 3HAUUTEJIHHYIO POJIb
B 9TOM Ipoiiecce Komiuiekca [onbmxu. B ¢ubpo-
Osractax JeceH OOJIBHBIX IIOCJIE JIeUeHUsI 0ObeMHasa
IUIOTHOCTh KOMILIeKca [OJIb/IPKY He OTJINYaiach OT
TaKOBOI B KJIETKAaX OOJIBHBIX THHTUBUTOM /0 Jieue-
HusA (cM. Tabu1. 1). Ciie1oBaTeIbHO, BCE BBINIEYKAa3aH-
HbIE CTPYKTYpHbIE u3MeHeHus B pubpobiacrax e-
ceH OO0JIbHBIX THHTUBUTOM ITOCJIE JIEUeHHsI II03BOJISI-
0T C/IeJIaTh IIPE/IITOIOKEHKE O TOM, UTO B 9TUX KJIET-
KaX MPOU3OILI0 CHIYKEHHUE CUHTETUYECKOH aKTHB-
HOCTH, YTO, BEPOSITHO, 00YCIOBJIEHO BO3AEHCTBHEM
[TOCTOSTHHOTO 3JIEKTPHUYECKOTO TOKA.

CTpyKTypHblE H3MEHEHUs, MPOUCXOJISAIINE B
MHUTOXOHAPUAX GUOGPO6IACTOB GOIBHBIX IMOCIIE JIe-
YeHUs], a UMEHHO BO3pacTaHue UX 0O0beMHOH U I0-
BEPXHOCTHOW IIJIOTHOCTEH TPU YMEHbBIIEHUH UX
YHUCIEHHOHN IUIOTHOCTU (CM. TabJI. 1), BEPOSITHO, SIB-

of microfibrils in cytoplasm of these cells, whereas a
slight decrease in their number compared to cells
with those of patients before treatment (by 16%) was
possibly due to the changed level of secretion of these
cells (see Table 1).

In fibroblasts of patients after treatment, the
surface density of GER decreased compared with
the level in the cells of patients before treatment, at
the same time, the GER volume density of these
cells increased (see Table 1). It is known that an in-
crease in the volume and surface densities of GER
indicates an increase in the secretory activity of fi-
broblasts [5]. At the same time, it is known that
protein synthesis in fibroblasts can proceed more
actively in narrow cisternae of GER [6]. And also
there is evidence that expansion of the GER tubuli
in fibroblasts is in some cases the result of acceler-
ated collagen synthesis, while in others — slowing
down [7]. Discussing possible fibroblasts’ secretion
pathways, the same researchers indicate a signifi-
cant role in this process of the Golgi complex. In
gingival fibroblasts of patients after treatment, the
volume density of Golgi complex did not differ
from that in cells of patients with gingivitis before
treatment (see Table 1). Consequently, all of the
above structural changes in fibroblasts of gingivitis
patients after treatment suggest that a decrease in
synthetic activity occurred in these cells, which is
probably due to the effect of direct current stimula-
tion.

Structural changes occurring in mitochondria
of fibroblasts in patients after treatment, namely, an
increase in their volume and surface densities with
a decrease in their numerical density (see Table 1),
are probably signs of an increase in the size of mito-
chondria due to their swelling. This assumption is
also supported by the fact that an increase in the
size of mitochondria does not result in an increase
in surface density of mitochondrial inner mem-
brane, i.e. their cristae. This suggests that there is a
decrease in the functional activity of mitochondria
in fibroblasts of patients after treatment [8], and
this is probably the reason for the observed decrease
in secretory activity of cells because synthesis and
secretion processes in cells are energy-dependent
[3, 4]

It is known that gingival fibroblasts along with
periodontal ligament fibroblasts, osteoblasts and
gingival epithelial cells are resident cells that partici-
pate in innate immunity [9, 10]. Gingival fibroblasts
produce TNF-q, IL-6, IL-8 and other effector mole-
cules which are important regulators of the inflam-
matory process and bone metabolism [11—14]. Their
number increases with the development of an in-
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JIIOTCS IIPU3HAKAMU YBEJIUYEHHUS Pa3MEPOB MUTO-
XOHJIPUI BCJIEJICTBUE UX HabyxaHUs. B MoIb3y 3TOr0
TIPEJITOJIOKEHUS CBU/IETEIBCTBYET U TO, UTO BO3pac-
TaHHe pa3MepPOB MUTOXOHAPUH HE IIPUBOJUT K yBe-
JINYEHUIO MMOBEPXHOCTHOHN IIJIOTHOCTH BHYTPEHHEH
MeMOpaHbl MUTOXOHPHUHU, T. €. UX KPUCT. ITO I0-
3BOJISIET IPEIIIOIOKUTh, YTO MTPOUCXOAUT CHUIKE-
Hre QYHKIIMOHAJIBHON aKTUBHOCTA MUTOXOH/IPUH B
¢ubpobsacrax OGOJBHBIX TOcCae JedeHus [8], u
MMEHHO 3TO, BEPOATHO, 00YCJIOBJIMBAET U HAOJIIOTA-
eMoe CHI)KEHUE CEKPETOPHON aKTUBHOCTH KJIETOK,
TaK Kak IMPOIECChl CHHTE3a U CEKPEIUU B KJIeTKaX
SHEPTO3aBUCHUMEI [3, 4].

N3BecTHO, 4TO /lecHeBbIe (GUOPOO6IACTHI HAPSIAY
¢ dubpobiacTaMy MepUOTOHTAIIBHON CBA3KHU, OCTE-
obylacTaMi W SIHUTETHONUTAMU JIECHBI SIBJISIOTCS
Pe3UEHTHBIMU KJIETKAMH, IOE€PKUBAOIINMU
BPOXK/IEHHBIH IMMYHUTET [9, 10]. JlecHeBbIe GUOPO-
6sactel mpogynupyior TNF-q, IL-6, IL-8 u npyrue
53¢ deKTOpHBbIE MOJIEKYJIbl. TU MOJIEKYJIbl — BaXK-
HbIE PEryJIATOPbl BOCHAJUTEJLHOTO IIpoliecca |
mpoIecca MeTaboJIm3Ma KOCTH [11—14], KOJTUIecTBO
KOTOPBIX BO3PACTAET MPU PA3BUTUHU BOCHIAJIATEIb-
HOTO TIpoIiecca B mapojionTe [15]. BepositHo, usme-
HEHUS 3TOU (PYHKIIUU KJIETOK /10 H IOCJIE JIEUEHHUsI
MOTYT YaCTUYHO OOYC/JIOBJIMBATH HAOJI0ZaeMble
CTPYKTYpHBIE TPU3HAKU YCUJIEHUS BHEIIHECceKpe-
TOPHOU aKTUBHOCTU (GUOPOOIACTOB JIeCHBI OOJIBHBIX
THHTUBUTOM JI0 JIEYEHUS] — YBEJUYEHHE BEMUNH
YHCJIEHHOH IIJIOTHOCTH HPUKPEIIEHHBIX PHUO0COM,
00bEMHOM U MIOBEPXHOCTHOH II0THOCTU ['OP, a Tak-
ke HabJTI0/1TaeMoe CHIUYKEHYE CEKPETOPHOM aKTUBHO-
¢ty GuOPOOIACTOB JleceH OOTbHBIX THHTUBUTOM I10-
cJ1e MpoBeIeHHO! Tepanuu (cM. TabI. 1).

B T0 ke BpeMs y 60JIbHBIX XPOHUUECKUM T'HH-
THUBUTOM IIPOBEJIEHHOE JieueHue C MPUMEeHEeHUueM
aHO/I-Ta/IbBAHU3AINY IPUBOAUIIO K 3HAUUTETHHO-
MY YBEJIMYEHHUIO 00HEMHOM IIJIOTHOCTHU KOJIJIaT€HO-
BBIX CTPYKTYP B MEKKJIETOYHBIX IMPOCTPAHCTBAX
(cm. Taba. 1, puc. 1). ATH U3MEHEHUs], BEPOSTHO, B
MePBYI0 Ouepe/ib 00YCI0BIEHbI 3HAUUTEIbHOM Jie-
rUipaTarnyei TKaHeH ecHbI o/ aHooM [16]. Ilpu
STOM Jerujparamus MPOUCXOAUT B MEKKJIETOU-
HBIX MPOCTPAHCTBAX JIUTENHsA JECEH, KaK ObLIO
OTMEYEHO BBIIIE, U COETUHUTETBHOTKAHHOTO CJI0sI
JIECEH, YTO, BEPOSITHO, MOYKET IIPUBOIUTH K YMEHb-
IIEHUI0 O00beMa MEeXXKJIETOUHBIX ITPOCTPAHCTB.
ATO, B CBOIO OUEPE/Ib, ABJISETCS NPUUYNHON 3HAUU-
TEJBHOTO POCTA BEJIMYUHBI 00BEMHOU IIJIOTHOCTH
KOJLIaT€HOBBIX CTPYKTYp. O6beM IOC/IenHUX, Be-
POSITHO, He U3MEHSJICS BCJIEACTBUE AETUAPATUPY-
IOIIETO BO3JIEUCTBUS IMMOCTOSTHHOTO 3JIEKTPHYECKO-
ro TOKa.

flammation in periodontium [15]. Probably, changes
in this cell function before and after treatment may
partly cause the observed structural signs of in-
creased exocrine activity of gingival fibroblasts in pa-
tients with gingivitis before treatment — an increase
in the numbers of attached ribosomes, volume and
surface densities of GER (see Table 1), and the ob-
served decrease in secretory activity of gingival fibro-
blasts in patients with gingivitis after therapy (see
Table 1).

At the same time, in patients with chronic gingi-
vitis, the treatment with anode-galvanization led to a
significant increase in the volume density of collagen
fibers in the intercellular spaces (see Table 1, Fig. 1).
Probably these changes are primarily due to the sig-
nificant dehydration of gum tissue under the anode
[16]. At the same time, dehydration of extracellular
spaces of gums’ epithelium, as noted above, takes
place, as well as of gingival connective tissue layer.
This can possibly result in a decrease of intercellular
spaces’ volume, which in turn is the cause of a sig-
nificant increase in collagen’s volume density. The
volume of the latter probably did not change due to
the dehydrating effect of direct electric current.

In addition, it should be taken into account that
in patients after treatment the probable decrease in
synthetic activity of gingival fibroblasts which in-
tensely synthesized and secreted collagenase at the
stage of active chronic gingivitis is the result of ther-
apy [17]. Advanced oral hygiene and antiseptic treat-
ment of gingival sulcus in patients ultimately result-
ed in a significant reduction in the number of micro-
organisms in the gingival sulcus and, consequently,
to a decrease in the amount of bacterial collagenase
in the gingival fluid and gingival tissues [18]. In this
regard, it can be assumed that, owing to conducted
treatment, the observed increase in the volume den-
sity of collagen fibers is partly due to a decrease of
collagenase’s damaging effects on collagen fibers of
both bacterial and fibroblastic origin.

CONCLUSION

The effect of direct current therapy on chroni-
cally inflamed gums without joint pathogenetic me-
dicinal effect (anode-galvanization) can contribute
to a significant increase in the volume of collagen
structures of gingival connective tissue layer due to
the dehydration of the basic intercellular matrix of
the connective tissue against the background of the
developing structural signs of a decrease in the syn-
thetic activity of gingival fibroblasts, that may have
an effect on repair process in the periodontium.
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Kpome 3TOTO, C/Ie[lyeT yUHUTHIBATH BEPOSITHOE
CHIDKEHVE CHHTETUYECKOH aKTUBHOCTH Gubpobia-
CTOB JleceH y OOJIbHBIX TIOCJIE JIEYEHUSI, KOTOpbhIe Ha
CTaJI¥ aKTUBHO MMPOTEKAIOIIETr0 XPOHUUECKOTO THH-
TUBUTA YCUJIEHHO CHHTE3UPOBAIH U CEKPETUPOBAIIN
KoJutareHasy [17]. IIoBbIIIeHE YPOBHS TUTHEHBI IT0-
JIOCTH PTa U aHTHCENTHYecKas 00paboTka JeCHEBOI
60p03/1bI Y OOJIBHBIX B IPOIECCE TIPOBENEHHOTO Jie-
YeHUs B KOHEUHOM CUeTe IMIPUBOJIAT K CYII[ECTBEHHO-
My CHIDKEHHIO KOJIMYEeCTBA MHKPOOPTaHU3MOB B
JIECHEBOU OOPO3JIKE U, KaK CJIEJICTBHE, — K YMEHb-
[IEHUIO KOJTNYeCcTBa OaKTepUaIbHON KOJIIareHa3bl B
JIECHEBOU >KUJIKOCTH M TKaHAX JiecHbI [18]. B sToi
CBSI3W MOJKHO TIPEAIIOJIONKHTH, UYTO HabJII0aeMoe
yBesinueHrne 00BbeMHOU IIOTHOCTH KOJIJIAar€HOBBIX
CTPYKTYP YaCTUYHO OOYCJIOBJIEHO U CHHUKEHHEM, B
pesyJibTaTe MPOBEIEHHON TEPATINH, IIOBPEXKAAIOIIEe-
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Campylobacter-associated hemolytic uremic syndrome
in children: two case histories

Karpovich G.S.}, Vasyunin A.V.}, Krasnova E.I.}, Karpov M.A.}, Izvekova I.Ya.2, Surdina T.G.2,
Enivatova L.1.2, Kuznetsova V.G.
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AHHOTAIIUA

Temonutuko-ypemudeckuii cuuzpom (I'YC) mpezcrapiisieT cob6oii ocobyo popMy TPoOMOOTHUECKON MUKPOAHTHOTIA-
i (TMA), XapakTepusymIycs o0JIUraTHBIM HopakeHreM mouek. Pazsutue I'YC HanboJsiee 4acTo CBSI3BIBAIOT C 3a-
60JIeBaHHEM SHTEPOTEMOPPATHUECKUM DIIEPUXUO30M U IIUTEJIE30M, OTHAKO Ha COBPEMEHHOM 3Tarle TOSABJISIOTCS CO-
OOIIIeHNS O HOBBIX OAKTEPUAJIBHBIX [TATOTEHAX, KOTOPhIE MOTYT OBITh OTBETCTBEHHBI 32 Pa3BUTHE JTaHHOH (popmbr TMA.
Oxuum u3 Hux ssisercs Campylobacter. Iatorenes I'YC npu nHbeknusax, BpizBauHbix Campylobacter, Heu3BeCTeH, UTO
He MT03BOJISIET BEIPAOOTATh aZieKBAaTHBIE TOAXObI K IMATHOCTUKE, TEPATIUU U peabMINTAIINY JaHHBIX cocTossHUH. B HoBo-
cubupcke B 2018 1. 3adpukcupoBano ABa ciaydas ['YC y erei, Korjia B KauecTBe STHOJIOTHYECKOTO areHTa ObLI BISIBJIEH
Campylobacter. IIpuBoinM OIHCAHUE IJAHHBIX CJIyYaeB, KOTOPOE IeMOHCTPUPYET CJI0KHOCTh BEIEHUs TAIHEHTOB U BBI-
cokyto ypreatHocts I'YC, accoriuupoBarHoro ¢ Campylobacter. IIpoBeieHHBINT aHAIN3 BHI3BIBAET COMHEHHE B TOM, UTO
pasButue TMA npu KaMIuI00aKTEepPHBIX HHOEKIUAX ONOCpeyeTcsi TOKCHHOM IIlura, 0HAKO He MO3BOJISIET UCKIIIOUUTH
KaK HeMPAaMUHHU/IA3HbIN, TAK U AyTOUMMYHHbIU T€He3 Pa3BUTHUS MO0OHBIX COCTOSTHHH.

Takum o6pazom, I'YC, pa3BUBarOIUACA TPU KAMITHI0O0aKTEPHOH NHpEKIUY, TPEOYET AaTbHEHIIET0 U3YIEHMUS C 1ie-
JIBIO BBIPAOOTKY ¥ ONTHUMH3AIINH ITO/IX0/I0B K €r0 IUATHOCTUKE U TEPATUH.

Karoueevle cnr08a: reMoJIUTHKO-YpeEMUUYECKUl cuHApoM, Campylobacter, nHGeKIMOHHBIE 0O0JIE3HH, TPOMOOTHYE-
CKas MUKPOAHTHOIATHUSA, TIeUATPHUA.

ABSTRACT

Hemolytic uremic syndrome (HUS) is a special form of thrombotic microangiopathy (TMA) characterized by obligate
kidney damage. The development of HUS is most often associated with enterohemorrhagic escherichiosis and shigellosis,
however, at the present stage there are reports of new bacterial pathogens that may be responsible for the development
of this form of TMA. One of them is Campylobacter. The HUS pathogenesis in infections caused by Campylobacter is
unknown, which does not allow us to develop adequate approaches to the diagnosis, treatment and rehabilitation of these
conditions. In 2018 there were recorded two cases of HUS in children in Novosibirsk, Campylobacter was identified as
the etiological agent. These cases are described in the article. The presented description demonstrates the complexity of
patient management and the high urgency of Campylobacter-associated HUS. The analysis makes the Shiga-toxin medi-
ated mechanism of TMA development in campylobacter infections doubtful, however, it does not allow to exclude both
the neuraminidase and autoimmune genesis of such changes.

Thus, Campylobacter-associated HUS requires further study in order to develop and optimize approaches to the
diagnosis and treatment of this condition.

Keywords: hemolytic uremic syndrome, Campylobacter, infectious diseases, thrombotic microangiopathy, pediatrics.
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BBE/IEHUE
K oguoit u3 popm TpoMOOTHUECKOH MUKPOAH-
ruonatun  (TMA)  TpajlMITMOHHO  OTHOCHUTCS

reMOJIUTUKO-ypeMuueckuii cuaapoMm (I'YC) — co-
CTOSTHHE, XapaKTepHuaymwlneecss 00JIUTaTHBIM ITOpa-
JKEHHEM IT0Y€EK C PAa3BUTHUEM OCTPOTO ITOYEYHOTO I10-
Bpexxaenust (OIII), TpoMOOITUTOTIEHNH, HEUMMYH-
HOU remosiuTudecko anemuu. I'YC aBisgercsa OQHONR
u3 BeAymux npuunH pasputus OIIII y nereii [1]. Co-
TJIaCHO COBPEMEHHBIM IipefcTaBiieHueM, ['YC npu-
HATO pas3aenaTh Ha THIUYHBIN (TI'YC) 1 aTUIUYHBIA
(aI'YC), a Taxske I'YC, accoruupoBaHHBIHA € ITHEBMO-
KOoKKOBOH nHdekiuei (n['YC). PaziudHbIe 10 3THO-
goruu ¢opmbl I'YC oTinyamTes 1o maToreHesy U
UMEIOT pasHbId MporHo3. Hambosiee yacThiMu BO3-
OyIUTEISIMUA, AaCCOI[MMPOBAHHBIMU C Pa3BUTHEM
I'YC, ABIAOTCA SHTEPOTEMOpPpPArUYECcKHe KHIIed-
Hele najgouku (STEC), mmuresnbl U MHEBMOKOKKH
[2—8]. Ha coBpeMeHHOM 3Tare TMOSBJISIIOTCA CO00-
IIIEHUsI O HOBBIX OAKTEpHAIbHBIX IATOT€HaX, KOTO-
pble MOTYT OBITh OTBETCTBEHHBI 32 Pa3BUTHE JIAHHON
dopmbr TMA. Oguum u3 Hux sasisercsa Campylo-
bacter [9—16]. ITarorene3 pasputusa I'YC mpu uH-
dexnusax, BeizBanubix Campylobacter, HensBecTeH
[17, 18], uTo He MO3BOJIsIET BRIPAOOTATH aZIeKBATHBIE
MTOIXO/TbI K TUAaTHOCTUKE, TEPATUU U PEaOUTUTAIUHN
nlagHoTO cocrosiHuA. B HoBocubupcke B 2018 r. 3a-
¢urcupoBano aBa ciayudasa pasputua ['YC y nmereid,
STHOJIOTHYECKOTO areHTOM KOoToporo 6b11 Campylo-
bacter. IIpuBoIUM OIMCAHUE TaHHBIX CIYYAEB.

KJINHUYECKHNM CJIYUYAIT Ne 1

ITanuentka B., 6 Mec. AHaMHe3 3a00JIeBaHUA:
3abosiesia 04.09.2018 0CTpO, C MOSBJIEHUS YKUJTKOTO
HEOOMJIBHOTO CTyJIa 710 6 pa3 B CyTKH, MEJIKOU CHITTH
reMOppParuyecKkoro XapakTepa B eCTECTBEHHBIX
crIaskax koxku. Ha ciemyromuii neHp oTMedanach
IIOBTOPHAasi pBOTa; 06.09.2018 BHOBH IOBTOpPHAs
pBOTa, TMOSIBJIEHUE KEITYIIHOM OKPACKH KOXKU.
OcMOTpeHa YYaCTKOBBIM IE€AUATPOM, HaIpaBjeHa
Ha rocrutanuzanuio B 'BY3 HCO «/lerckas ropoa-
cKasi KJInHH4Yeckas 6ospHuIia N2 3» (JII'KB Ne 3).

B cramuonap mocrynmia 06.09.2018. Cocros-
HUe IPU IIOCTYIVIEHUH PACIlleHeHO KaK TAKeJIoe, JTU-
xopazaka a0 dbebpwibHbIx nudp. Co3HaHUE SICHOE,
Ha OCMOTpP pearupoBajia BhIPAYKEHHBIM OECITOKOM-
cTBoM. OTMeUeHBI ITACTO3HOCTh HIKHUX KOHEUHO-
cTell, cHIKeHHe nuypesa. JlabopaTopHOe Hccaeno-
BaHue (TabJs1. 1) BBIABUJIO IPU3HAKH OCTPOTO TeMO-
JM3a, B CBA3H ¢ 4yeM pebeHOK mepeBenieH B OPUT.
[Tpu mocTymieHuu AUype3 COCTaBJsII 0.6 MJI/KT/d.
B cBA3HU ¢ BBIPAXKEHHOCTHIO TEMOJIN3Q, PA3BUTHEM
aHEMUH TSDKEJIOW CTelmeHu 06.09.2018 IpoBeJieHa
poIeiypa  TEpPameBTUYECKOTO  ILUIa3MOOOMeHa

INTRODUCTION

Traditionally one of the thrombotic microangio-
pathy (TMA) forms is hemolytic uremic syndrome
(HUS) which is defined as a state characterized by
obligate kidney damage causing acute kidney injury
(AKI), thrombocytopenia, nonimmune hemolytic
anemia. HUS is one of the most frequent causes of
AKT in children [1]. The present understanding of
HUS is that there are typical HUS (tHUS), atypical
HUS (aHUS) and pneumococcal infection-associat-
ed HUS (pHUS). HUS forms differ both in pathogen-
esis and prognosis. The most frequent etiological
agents are enterohemorrhagic Escherichia -coli
(STECQ), shigellas and pneumococci [2—8]. There are
reports on new bacterial pathogens, that can cause
the abovementioned TMA form. One of them is
Campylobacter [9—16]. The pathogenesis of HUS
associated with Campylobacter infection is un-
known [17, 18], which prevents creating adequate
diagnostics, therapy and rehabilitation of this condi-
tion. In 2018 in Novosibirsk there were two cases of
HUS in children registered, the etiological factor of
which was Campylobacter. These cases are de-
scribed below.

CLINICAL CASE NO. 1

Patient B., 6 months old girl. Anamnesis morbi:
the patient fell ill on 09.04.2018 acutely with the ap-
pearance of scanty liquid stools up to 6 times a day, a
small hemorrhagic rash in natural skin folds. The
next day there was repeated vomiting; on
09.06.2018 — repeated vomiting again, and icteric
discoloration of skin. The patient was examined by
local pediatrician and referred for admission to No-
vosibirsk Children’s Hospital No. 3.

The patient was admitted to hospital on
09.06.2018. Her condition was assessed as severe,
body temperature was febrile. The patient was fully
conscious, the examination made her anxious. The
lower limbs swelling and diminished diuresis were
noticed. The gross hemolysis signs were revealed in
laboratory test (Table 1), the patient was transferred
to ICU. On admission the diuresis amounted to 0.6
ml/kg/h. On 09.06.2018 due to severity of both he-
molysis and anemia, the therapeutic plasma ex-
change was conducted (1.5 volume of plasma circula-
tion). To reverse anemia the filtered red blood cell
transfusion (120 ml) was performed. As a result, the
severity of hemolysis decreased, jaundice was re-
versed. Further laboratory tests revealed signs of
Campylobacter DNA in feces detected by PCR meth-
od and revealed no signs of shigellosis or enterohem-
orrhagic colibacillosis (bacteriological and serologi-
cal tests).
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(1.5 o6beMa ITUPKYJIUPYIOIEN TIJIA3MbI), C [IEJTBIO Ky-
IIUPOBAaHUSA AaHEMUM IIPOU3Be/leHa TpaHchy3Us
(pUIBTPOBAHHBIX SPUTPOLUUTOB (120 MIT). BhIparkeH-
HOCTb T€MOJIN3a YMEHBIIIIIACh, KyIIPOBAHA JKEeJITY-
xa. [Ipu npoBeneHUU AanbHEHIINX 0OCIIENOBAHUM
obuapyxeno Hanmmuue JJTHK Campylobacter B xane
metoziom IIIIP; mwurennés m sHTEpOreMOpparuye-
CKUU BIIEPUXH03 HCKII0UeHbl (6aKTeprosornye-
CKH, CEPOJIOTHYECKN).

ITpoBoguiack KOMIUIEKCHAs Tepamnus (aHTH-
OakTepuasibHasg, aHTHUTpoMbOoTHueckas). C IeJIbIo
KOppeKIuu (aKTOpOB CBEPTBIBAHUA 07.09.2018
IpoBeZleHa  TpaHChY3UsA  CBEKE3aMOPOIKEHHOM
mwra3mbl (C3IT) (240 mur). Ha 08.09.2018 cocrosHue
C OTPUIATEIPHOM JUHAMHUKOW, HapacTaHUEe a30Te-
muu, nuypes — anypus, OIITL, ctagus 3. [lossBienue
JIbIXaTeJIbHOH HenmocraTouHocTH (JIH) ¢ mporpeccu-
poBaHUEeM 70 3-U cremeHHu (CT.), YTO MOTPebOBAIO
nepesoza Ha VIBJI, peHTreHOIOTUYeCKU — KapTHUHA
MHTEPCTUIUATIBHOTO OTEKa JIETKUX 0e3 IpHU3HAKOB
TUIIEPBOJIEMUN. Pa3BuTHE SHTEpAsIbHON HeIoCTa-
TOYHOCTH C IEPUOIUUECKON PBOTOH, KHUJIKHUM CTY-
JIOM, YTO ITOTPeOOBaAIO0 HA3HAYEHUS YACTUYHOTO Ta-
peHTepanpHOTO NUTaHusA. Hauara mnporenypa npos-
JIEHHOH  BEHO-BEHO3HOU  TIeMoJinaduaIbTpanuu
(IIBBI'I®) B TeueHue 72 4, ¢ HATHHEHIITUM [IEPEBO-
JIOM Ha ITepUTOHeATbHBIN quaiu3 (¢ 11.09.2018).

Ha ¢doHe mpoBOAMMOUW KOMIUIEKCHOW WHTEH-
CUBHOH Tepamnuu Ha 15.09.2018 cocTosHUE TAXKeI0e
¢ TIOJIOKUTEJIBHOU JuHaMUKOU. KynupoBaHa /pixa-
TeJIbHAas HEJIOCTATOYHOCTb, OTMEUYEHO IIOSBJIEHUE
Jiiypesa — 1.3 MJI/KT/4, O/THAKO COXPAHSJINCH IPO-
SIBJIGHUST DHTEPAJIHbHON HEJIOCTAaTOUHOCTH. B muHa-
MUKe CHIDKeHUe azoreMun. K 02.10.2018r. cHmKe-
HUe KpeaTWHUHA JI0 139 MKMOJIb/JI, iuype3 Gosee
2.5 MJI/KT/4, B CBSI3U C YEM IIPOU3BEEHO YAATEHHE
[IEPUTOHEATPHOTO KaTeTepa. B Ieysax Koppeknuu
aHeMHHU IIpoBesieHa TpaHchy3usa (PUIABTPOBAHHBIX
SPUTPOLUTOB (130 MII).

C 04.10.2018 cocTosiHUE BHOBBH C OTPHULATEJIb-
HOU JIMHAMHUKOU, Hapactanue aBiaeHuil JIH g0 3-i
cT., mepeBoy; Ha VIBJI, ocTpo pa3sBUBAIOIIUMICT OTEK
JIETKUX TIpU Juype3e He MeHee 3.0 MJI/Kr/4;
05.10.2018 — OTEK JIETKUX KYIIUPOBaH, HECMOTPS Ha
9TO CTAOUTU3AIINH COCTOSTHUS He HACTYIIIJIO, COXPa-
Hsi1ach motpebHocTh B IBJI. [IpusHaku niepebpaib-
HOM HEIOCTaTOYHOCTH (YTHETEHME), HapacTaHue
a30TeMUH, CHUKeHHe Juypesa 1o 0.8 mui/kr/4. [Ipo-
rpeccUpyIollee CHIDKEHUE AMype3a U HapacTaHue
a30TeMUH, B CBA3U C YeM 09.10.2018 mpousBesieHa
nporeaypa [IBBI'/I® (B TeueHue 72 9), ¢ 13.10.2018
BO300OHOBJIEH IEPUTOHEATbHBIN auanu3. [Iporpec-
CUPOBaHUE IPU3HAKOB HHTEPAIBHON HEJIOCTATOUHO-
CTH, JIeBOUKA HECTaOMJILHO yCBaWBaJa MUHHMAJIb-

The comprehensive treatment was implemented
(antibacterial and antithrombotic). On 09.07.2018
the fresh frozen plasma (FFP) transfusion (240 ml)
was performed to improve blood-coagulation fac-
tors. On 09.08.2018 the negative changes in patient’s
condition were registered: azotemia augmentation,
diuresis — anuria, stage 3 of AKI. Respiratory dis-
tress (RD), advancing up to stage 3, the patient was
put on a ventilator. X-ray showed interstitial pulmo-
nary edema with no evidence of hypervolemia. De-
velopment of intestinal failure, periodic vomiting
and liquid stool which required a partial parenteral
nutrition. The procedure of continuous venovenous
hemodiafiltration (CVVHDF) was started (for 72 h)
with further transfer to peritoneal dialysis (on
09.11.2018).

On 09.15.2018 during comprehensive intensive
therapy the patient’s condition was serious but with
positive dynamics. Respiratory distress was reversed,
diuresis appeared (1.3 ml/kg/h). However, the intes-
tinal failure manifestations remained. Azotemia de-
crease was progressin. On 10.02.2018 creatinine
level decreased to 139 pumol/l, diuresis was more
than 2.5 ml/kg/h, in this connection the peritoneal
catheter was removed. To reverse anemia, the fil-
tered red blood cell transfusion (130 ml) was per-
formed.

On 10.04.2018 the patient’s condition deterio-
rated, respiratory distress aggravated up to stage 3;
the patient was transferred to ALV. Acute progress-
ing pulmonary edema was diagnosed. Diuresis level
atleast 3.0 ml/kg/h. On 10.05.2018 pulmonary ede-
ma was reversed, but in spite of that patient’s condi-
tion remained unstable, ALV was still necessary.
Cerebral deficiency signs appeared (depression),
azotemia increased, diuresis decreased to 0.8 ml/
kg/h. Due to diuresis decreasing and azotemia pro-
gression on 10.09.2018 the CVVHDF procedure was
performed (for 72 h). On 10.13.2018 peritoneal di-
alysis was resumed. Intestinal failure manifesta-
tions were progressing. The girl was unstably as-
similating the minimum amount of feeding, fre-
quent copious regurgitations persisted. On
10.17.2018 comprehensive bacteriologic monitoring
results revealed no microflora growth, feces analysis
did not find any evidence of Clostridia and clostrid-
ial toxin; hemogram did not show apparent inflam-
matory changes. However, by 10.21.2018 the ap-
pearance of pronounced leukocytosis (34.2 - 10°
cells/1) and fever up to 38.2°C were noted. Along
with the B. cepacia colonization of sputum and signs
of bilateral infiltrative shadows on chest X-ray. By
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HBIH 00BEM KODMJIEHHUS, COXPAHSJIUCh YacThIe
obwIbHBIE cphITHBaHUA. [10 pe3ysbpTaTaM CUCTEMHO-
ro 0aKTepUOJIOTHYECKOTO  MOHHUTOPUHTAa  Ha
17.10.2018 — HeT pocTa MUKPOQJIOPHI, Kajl Ha KJIO-
CTPUIUU U TOKCUH KJIOCTPUIUN — OTPHUIATEJIbHBIH,
remMorpaMmMa — 06e3 BBIpasKeHHBIX BOCIATUTETHHBIX
nzMenenuid. OgHAKO K 21.10.2018 OTMEUEHO IOSB-
JIeHVe BBIPAKEHHOTO JIeHKoIuTo3a (34.2 * 109/71),
auxopazku g0 38.2 °C. KosioHuzamuss MOKpPOTHI
B. cepacia, npu3HAaKH JBYCTOPOHHUX HH(UIbTPA-
TUBHBIX TEHEU HA PEHTrEeHOTPAMMeE OpPraHOB TPY/I-
HoH kJeTKku. K 30.10.2018 — cocrosinue KpaliHe Ts-
JKeJIoe, pa3BUTHE U MPOTPECCUPOBAHUE TTOJIHOPTaH-
Hou muchynknum: IH 3-i cr., OIIIl 3-% cragun
(ocTpast moueyHasr HEJIOCTATOYHOCTD), Iepebpaib-
Has HeJ0CTAaTOYHOCTh (koMma 3 mo Iikase IJiasro),
JIEKOMIIEHCUPDOBaHHAs SHTEpaJbHAsA HEIOCTaTOU-
HOCTh (T1ape3 KHUIIEYHHWKA), Pa3BUTHUE CEPEYHO-
COCY/TUCTON HEIOCTATOYHOCTU C IEPEXOJIOM B acH-
CTOJINIO. PeaHWMMAaIMOHHBIE MEpPONPUATHSA Hedd-
(eKTUBHBI, KOHCTaTUpOBaHa  OuoJIOTHYecKas
CMepTb.

3axaouumenvmwlii duazno3. OCHOBHOM: Ku-
mevyHass WHQEKIUs, YTOYHEHHOU OaKTepHaIbHOMN
atuosoruu (JJHK Campylobacter +), ractposHTepo-
KOJIUT, TSXKEJIOW CTEIeHU TSIKECTU, OCJIO’KHEHHOE
TeueHrne. OCOKHEHUs: TEeMOJHUTHKO-ypeMuue-
ckuii cuupom, OIIII (cragus 3), [IBBI'I®, nepuro-
HeaJIbHbIA JUain3. AHEMUS TsKEJIOU CTEIeHU Tsi-
skectu. JI€érounei oTék, K BJI-acconmupoBaHHast
THUIUYHAA BHYTPUOOJbHUYHAS JBYyCTOPOHHSS IIO-
JiucerMeHTapHas MHeBMOHUs, B. cepacia, TH (ct. 3).
Clostridium difficile-accoruupoBaHHast UH(MEKITUA.

ITamoaozo-anamomuueckuil ouazio3. OCHOB-
HOe 3aboJieBaHUe: OCTpas KUIlleuHas NHPEKIUs,
bakTepuasipHo sTHosoruu (I[P oT 07.09.2018:
ITHK Campylobacter +): 5po3UBHO-sI3BE€HHBII DHTE-
pokosuT. OCJIOKHEHUA: OCTPOE BEHO3HOE ITOJIHO-
KpOBHE U JUCTPODHUUECKHE U3MEHEHUS BHYTPEHHUX
OpraHoB. ['eMOJIMTHKO-YPEMUUECKUHA CUHIPOM, I10-
nocrpasg ¢hopMa ¢ BHEMOUEUHBIMU MPOSBIEHUAMH:
0YaroOBBIM TJIOMEPYJIOCKIEPO3 (CKIIepo3 50 % KiIy-
OOUYKOB), TUIIEPTPOD U MHUOKAP/IA JIEBOTO KEJTy/I0U-
Ka (ToJIIIMHA MUOKApP/a JIEBOTO JKeJIyI0UKa 0.9 CM),
MEJIKOIISITHUCThIE KPOBOUBJIUSHUSA TIOJ[ IIEBPOM.
JIByCTOPOHHsASI TOTaIbHAsA (QUOPUHO3HO-IIPOIYK-
TUBHAs MHEBMOHUA. OCTpast MoYeyHas HeJIOCTaTOu-
HOCTh: OUaroBbIi HedpoHekpo3. OcTtpas JEroOUHO-
cepAeyHasi HeJIOCTaTOYHOCTb.

Kaunuxo-namoaozoanamomuueckuil anuxkpus.
[Ipu maToI0T0-aHATOMUYECKOM BCKPBITHU OOHApYy-
JKEHbBI SIBJIEHUSI 3PPO3UBHO-SI3BEHHOTO SHTEPOKOJIH-
Ta, C OCJIO’KHEHHBIM TE€UEHHEM B CBA3H C MPOSBJIEHU-
SIMH T€MOJIUTUKO-YPEMHUYECKOTO CUHIpOMa, (DOPMU-

10.30.2018 an extremely serious condition, devel-
opment and progression of multiorgan dysfunction
syndrome: stage 3 RD, stage 3 AKI, cerebral defi-
ciency (coma 3 on the Glasgow Coma Scale), decom-
pensated intestinal failure (enteroparesis), heart
failure progressing to asystolia. Resuscitation pro-
cedures were ineffective, biological death was pro-
nounced.

Final diagnosis. Main: intestinal infection,
bacterial etiology specified (DNA Campylobacter +),
gastroenterocolitis, severe, complicated course.
Complications: hemolytic uremic syndrome, AKI
(stage 3), CVVHDF, peritoneal dialysis. Severe ane-
mia. Pulmonary edema, ALV-associated typical nos-
ocomial bilateral multisegmental pneumonia,
B. cepacia, RD (stage 3). Clostridium difficile-associ-
ated infection.

Postmortem diagnosis. Main disease: acute
enteric infection, bacterial etiology was proved (PCR
on 09.07.2018: Campylobacter DNA +): erosive-ul-
cerative enterocolitis. Complications: acute ve-
nous congestion and internal organs dystrophic
changes. Subacute form of hemolytic uremic syn-
drome with extrarenal manifestations: focal glomer-
ulosclerosis (sclerosis of 50% of the glomeruli), left
ventricular hypertrophy (left ventricular myocardi-
um thickness up to 0.9 cm), subpleural petechial
hemorrhagies. Bilateral total fibrinous and organiz-
ing pneumonia. Acute kidney injury: local nephrone-
crosis. Acute pulmonary and heart failure.

Clinical and pathological epicrisis. Postmortem
examination revealed evidences of ulcerative entero-
colitis with complications due to hemolytic uremic
syndrome, formation of nephrosclerosis (glomerulo-
sclerosis), hemolytic uremic syndrome with extrare-
nal manifestations (left ventricular myocardial hy-
pertrophy, subpleural petechial hemorrhagies) and
bilateral fibrinous and organizing pneumonia. The
main disease and its complications were accompa-
nied with acute congestion, dystrophic changes of
internal organs and acute pulmonary heart failure
which become the immediate cause of death.

CLINICAL CASE NO. 2

Patient K., a girl of 5 years old. Anamnesis mor-
bi: the patient fell ill acutely on 07.12.2018 with
complaints of single-shot vomit, loose stools up to
5 times a day with occasional blood streaks, no fe-
ver. The patient was taken to Central District Hos-
pital (CDH) admission ward by emergency medical
service team. The child’s mother refused hospital-
ization. On 07.14.2018 there was a house call. Local
pediatrician on a home visit was addressed with

Journal homepage: http://jsms.ngmu.ru
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pyromumcsi HepOCKIeEpo30M (TJIOMEPYJIOCKIIEPO3),
BHENIOUEYHBIMHU IPOSBJIEHUSMHU T'€MOJIUTHKO-ype-
MHYECKOTo cHHpoMa (rureprpodus MUOKap/a Jje-
BOTO JKeJIyZI0UKA, MEJIKOIIATHUCThIE KPOBOMBJIUSHUS
I10/], TUIEBPOI), IBYCTOPOHHEH (UOPUHO3HO-TIPO/IYK-
TUBHOU MHeBMOHUeH. TeueHre OCHOBHOTO 3a60J1eBa-
HUS U €ro OCJIOXKHEHHUH COIPOBOXKAAIOCH OCTPBIM
BEHO3HBIM IIOJTHOKPOBHUEM U JAUCTPOPUIECKUMU U3-
MeHEHUAMU BHYTPEHHUX OPTaHOB, OCTPOH JIETOYHO-
CEP/IEYHOH HEJTOCTATOYHOCTHIO, TOCITY?KUBIIIEH HEIo-
CPEeZICTBEHHOH MPUYUHOUN cMepTH OOJIBHOM.

KJIMHUYECKUM CJIYUAH No 2

ITanuentka K., 5 jer. AnamHe3 3a00JieBaHUA:
3aboJiesia OCTPO 12.07.2018, J0CTaBJIE€HA B IIPUEM-
HbIH moko# IIPB Gpurazmoii cKOpoi MeaUIHHCKON
ITIOMOIITHU € 3ka7100aMH Ha OJTHOKPATHYIO PBOTY, KU/~
KHUA CTYJI JI0 5 pas, ¢ €AUHUIHBIMH ITPOKUIKAMHU
KpoBH, 6e3 uxopaaku. OT MpeiIo;KeHHOH rocmuTa-
Ju3anuyu MaMa pebeHKa OTKaszasiach. 14.07.2018 —
BBI30B YYACTKOBOTO Ie€JIHaTpa Ha JIOM, 3Kajl00bl Ha
SKUKUI CTYJT TIPEKHEN XapaKTEePUCTHUKU, TeMIIEpa-
Typa TeJia He TOBbBIIATach. JJaHO HalpaBJeHWe Ha
rocrimranusanuio B [[PB. [Ipu nmoctyrieHnn — jiei-
KOLIMTO3, ToBbilieHHasA COJ, MpU3HAKU pas3apake-
HUs OPIOIIHHBI, B CBA3U C YeM IIPOBEJIEHA aIlIeH -
9KTOMUS. JlaHHBIX, CBUJIETEJIHCTBYIOIIUX O HATUIUH
OCTpPOTO alMeHAUIUTa, He MOJIYYEHO, B OPIOIIHOMN
MOJIOCTH OOHAPY?KEH BBINOT CEPO3HOTO XapaKTepa,
yBeJIMYeHre TUM@aTUUeCKUX y3710B OpbIKerKky. Pe-
6enok Haxoguics B OPUT. B Teuenne CyTOK COCTOSI-
HUE C OTPUIATEJIPHONW JIMHAMWUKOHW, WPU3HAKHA
IMOYEYHO-TIEYeHOYHON HEJIOCTATOYHOCTU. [IpUHATO
pellleHre epeBo/ia MaIlueHTKH IS AaJbHEHIIEro
neuennd B JII'KD No 3.

B ITKB N¢ 3 mocrynuia 15.07.2018. CocrossHue
IIPU TOCTYIUIEHUU PaclieHeHO KaK TsKeJIoe, TEMIIe-
paTypa HOpMaJibHasI, COCTOSTHUE CO3HAHUSA — OIJIy-
[IEHHOCTD, HETJTyOOKH Y cortop. Ha ocMoTp pearupo-
Bajla KPAaTKOBPEMEHHBIM OECIOKOHCTBOM, OBICTPO
ucroianack. OTEKOB He ObLIO, IUype3 30 MJI 3a CyT-
k. CTyJ1 2-KpaTHO, OOMJIBHBIH, C ITPOKUIIKAMH KPO-
BU. IIpy TPOBEAEHUM AATbHEHIINX HCCIET0BAHUE
(TabJ1. 2) BBIABIEHBI BEIPA’KeHHAs A30TEMUS, TUTIED-
KaymemMus (Kajaui 6.5 MMOJIb/JI), aHEMHUS CPeTHEH
CTeleHU TsKecTH, npu npoBesieHnu KT — Bricokme
3yousl T. YUHUTHIBasl COCTOSIHHE pe0OeHKa, YPOBEHb
azoreMuu, Havara rnpornezxypa [IBBI'/I®. ITpoBoau-
Jlach KOMILIEKCHASI Tepanus — KOMOWHMPOBaHHAs
aHTHOAKTepUaIbHASI, AHTUTPOMOOTHYECKAS, CHUM-
nroMarudeckas. [Ipu 3THOJIOTHYECKON BepudUKa-
MU HCKJIIOUEHBI IIUTEIB, DHTEporeMopparnde-
CKHe KUIIIeUHbIe TAJI0UKH (0aKTepUOIOTHYECKH, Ce-
posnorudecku), metogom III[P obrapyxena JTHK

complaints of loose stool with blood streaks; body
temperature did not rise. The patient was admitted
to the CDH. On admission — leukocytosis, elevated
BSR and peritoneal irritation signs, therefore a de-
cision was made in favor of appendectomy. No data
confirming acute appendicitis were found; there
were serous effusion in the abdominal cavity and
mesenteric lymph nodes hyperplasia. The child was
in the ICU. During 24-hour period the patient’s
condition deteriorated, there were liver and renal
failure evidences. The patient was transferred to
Children’s City Hospital No. 3 for subsequent treat-
ment.

On 07.15.2018 the girl was admitted to Novo-
sibirsk Children’s Hospital No. 3. On admission
patient’s condition was rated as serious, body tem-
perature was normal, conscious state: cloudiness
and not deep sopor. The examination made her
worried for a short time; she was easily exhausted.
There were not edema signs, diuresis amounted to
30 ml a day. There were two voluminous stools
with blood streaks. The further laboratory tests
(Table 2) revealed severe azotemia, hyperkalemia
(potassium 6.5 mmol/l) and medium severity ane-
mia; ECG showed high T waves. Considering the
child’s state and azotemia level the CVVHDF was
started. The comprehensive therapy was imple-
mented: combined antibacterial, antithrombotic
and symptomatic. Laboratory tests revealed signs
of Campylobacter DNA in feces detected by PCR
method, and did not revealed any signs of Shigella
and enterohemorrhagic colibacillosis (bacteriolog-
ical and serological tests). On 07.15.2018 to reverse
anemia the filtered red blood cell transfusion
(200 ml) was performed. On 07.16.2018 to correct
coagulation and anticoagulation factors, the FFP
transfusion (240 ml) was administered. But de-
spite all therapy measures, the patient’s condition
remained unstable. On 07.17.2018 RD advancing
up to stage 3 appeared, and the patient was put on
ALV. On 07.18.2018 the peritoneal dialysis was
performed.

With all therapeutic measures, the patient’s con-
dition did not showed any positive dynamics, diure-
sis — anuria till 08.07.2018, later not more than
0.5—0.6 ml/kg/h. Intestinal failure manifestations
were progressing, partial nutritional support was
prescribed. On 07.30.2018 direct Coombs’ test was
positive. On 07.19.2018 the chest X-ray revealed me-
diastinal shadow enlargement to the left and pericar-
dial effusion signs. On 07.14.2018 bilateral pneumo-
nia evidences were detected (P. aeruginosa growth
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Campylobacter B xase. C 11e7IbI0 KOPPEKIINH aHE-
MUHU 15.07.2018 BbINOJIHEHA TpaHCPy3Uus PUIbTPO-
BaHHBIX APUTPOIUTOB (200 M), Tpancdyasus C3II
(240 Mu1) ¢ TIETBI0 KOPPEKITUH CBEPTHIBAIOIIUX, ITPO-
THUBOCBEPTHIBAIOIIUX (HAKTOPOB — 16.07.2018, o/1HA-
KO CTabWwIN3aluu COCTOSIHHUSI He OTMEeYasocCh,
17.07.2018 — HapacraHue nposeiaeHui /[H, BIIoTh
JI0 3-U CT., B CBAA3M ¢ 4eM mnepeBefeHa Ha WBJIL.
C18.07.2018 mpoBOIUIICS TEPUTOHEATBHBIN TUATNS.
HecmoTps Ha TPOBOTUMYIO TEPAITHIO, C MOMEH-
Ta MOCTYIUIEHUs HEe HaOJI0/aJI0Ch TOJIOKUTETHHON
JMUHAMUKU B COCTOSTHUY OOJIBHOMU, IUYPE3 — aHyPHU S,
BILIOTH 10 07.08.2018, najee He Oosee 0.5—0.6 M1/
kr/4. Hapacraroiiye Ipu3HaKu SHTEPATHHON HEm0-
CTATOYHOCTHU, YACTUIHOE ITapeHTePaIbHOE TUTAHUE.
30.07.2018 3aduKcUpoBaHa IOJIOXKUTeJIbHAA IIpA-
mass mpoba Kymb6ca. C 19.07.2018, 1o [JaHHBIM
R-rpaMMbl OpraHoB IpyHOU KJIETKH, YBeJMYEHUE
CPETMHHOU TEHU BJIEBO, IPU3HAKHU IEPUKAP/IAATD-
HOTO BBITIOTA, € 14.08.2018 — IpU3HAKH JIBYCTOPOH-
Hel mHeBMOHUH (B MOKpOTe — poct P. aeruginosa),
Pa3BUTHE CETMEHTAPHOTO aTejieKTasa S5 cIpaBa K
22.08.2018. K 23.08.2018 — oTpunarespHas [uHA-
MUKA COCTOSTHHS 32 CUET IPYyObIX IIOJTHOPTAHHBIX Ha-
pyureHui. 26.08.2018 — IpU3HAKU KPOBOTEUYEHUS B
OPIOIIHYIO TI0JIOCTD, KYITUPOBAHO BBeIeHNEM (PaKTO-
POB CBePTHIBaHUA. 27.08.2018 — acucTosIUA, peaHu-
MallOHHBbIE MeponpusATus He 3(PPeKTUBHBI, KOH-
CcTaTUpPOBaHA OMOJIOTHYECKAS CMEPTD.
BakarouumenvHwlil duaeHo3. OCHOBHOM: KU-
meyHass WHQEKIUsA, YTOUHEHHOU OaKTepUaIbHOU
stuosioruu (B kae JJHK Campylobacter +), racTpo-
DHTEPOKOJIUT, THAKEJION CTENEeHU THMKECTHU, OCITIOXK-
HeHHOe TeuyeHHe. OCJIOKHEHUS: TeMOJUTUKO-
ypemudeckuii cunzpom, OIIIl 3 (OITH), IIBBI'I®,
IIepUTOHEAIbHBIN UaIn3, TUAIU3HbIN IEPUTOHUT.
AHeMus TSKEJION CTeneHW TsikecTd. IIpoaseHHas
WBJI, uHTepCTUIIMAIBHBIA OTEK JETKuxX, KBJI-
acCONMUPOBAHHAA THUIIUYHAA JByCTOPOHHAA IOJIH-
cerMeHTapHasi ITHEBMOHUS, BbI3BaHHas P. aerugi-
nosa, OCJIOXKHEHHAsA aTeJeKTa30M S5 IPaBOTO JIEer-
kxoro, JIH 3. KenymouHo-KuiieuHoe KPOBOTEUEHHE.
BHyTpUOpIOIIHOE KPOBOTEUEHHE HEYTOYHEHHOE.
Octpas JIerouHo-cep/ieyHast HeIocTaTOYHOCTh. Co-
MyTCTBYIOIIUH: allIeHAIKTOMHUA 14.07.2018.
ITamoaozo-anamomuueckuil ouazHo3. OCHOB-
HOe 3aboJieBaHUeE: OCTpas KUIleUHas WHEKIUS,
bakTepuanpbHou strosoruu (I[P kana 16.07.2018:
ITHK Campylobacter +; 6uoioruuecKoe uecaenoBa-
HHe Kayia: P. aeruginosa): SpO3UBHBIN CEPO3HO-
KaTapaJIbHBIA SHTEPOKOJIUT. OCJIOKHEHUHA: JIBY-
CTOPOHHSISI TOTAJIbHAs (GUOPUHO3HO-IIPOYKTUBHAS
nmHeBMOHUA. OCTpPOe BEHO3HOE MTOJTHOKPOBHE U JIUC-
Tpoduyeckre HU3MeHEHUs BHYTPEHHHX OPIaHOB.

in sputum). On 08.22.2018 the S5 atelectasis was de-
tected. Negative dynamics in patient’s condition due
to severe multiorgan dysfunction syndrome by
08.23.2018. On 08.26.2018 — hemorrhage into ab-
dominal cavity was reversed with coagulation fac-
tors. On 08.26.2018 — asystolia, resuscitation proce-
dures were ineffective, biological death was pro-
nounced.

Final diagnosis. Main: intestinal infection,
specified bacterial etiology (Campylobacter DNA+
in feces), gastroenterocolitis, severe, complicated
course. Complications: hemolytic uremic syn-
drome, AKI (stage 3) (acute renal failure),
CVVHDF, peritoneal dialysis, dialysis-associated
peritonitis. Severe anemia. Sustained mechanical
ventilation, interstitial pulmonary edema, ALV-
associated typical nosocomial bilateral multiseg-
mental pneumonia caused by P. aeruginosa, com-
plicated by S5 atelectasis of the right lung, RD
(stage 3). Gastrointestinal hemorrhage. Not other-
wise specified intra- abdominal hemorrhage. Acute
pulmonary heart disease. Concomitant: appen-
dectomy on 07.14.2018.

Pathological diagnosis. Main disease: acute in-
testinal infection, of specified bacterial etiology (PCR
on 07.16.2018: Campylobacter DNA +; biological fe-
ces test: P. aeruginosa): erosive and serous catarrhal
enterocolitis. Complications: bilateral total fibrin-
ous and organizing pneumonia. Acute venous con-
gestion and dystrophic changes in internal organs.
Subacute form of hemolytic uremic syndrome with
extrarenal manifestations: focal nephrosclerosis
(sclerosis of 50% glomeruli), splenomegaly (77 g),
cardiac hypertrophy (99 g), petechial hemorrhagies
on mucous and serous membranes and at splenic hi-
lum as well. Acute kidney injury: focal nephronecro-
sis. Acute pulmonary and heart failure.

Clinical and pathological epicrisis: postmor-
tem examination revealed signs of the main dis-
ease — erosive serous catarrhal enterocolitis of
mixed bacterial etiology (Campylobacter DNA+, bi-
ological feces test: P. aeruginosa), complicated by
acute kidney injury and bilateral total fibrinous or-
ganizing pneumonia. The course of the main disease
was accompanied by acute venous congestion, dys-
trophic changes in internal organs, hemolytic ure-
mic syndrome with renal scarring and extrarenal
manifestations, subacute course (fresh foci of proxi-
mal tubules epithelium necrosis), and acute pulmo-
nary and heart failure which was the immediate
cause of death.
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TeMOJIUTUKO-YPEMHUUECKAN CHUHAPOM, IO0CTPas
dopma ¢ BHENIOUEUHBIMU IPOSABJIEHUAMU: HOPMU-
poBanue Hedpockieposa (50 % KIyOOUYKOB), CILIe-
HOMeraus (Macca 77 r), runeptpodus cepna (Mmac-
ca 99 T), MEJIKOIATHUCTbIE KPDOBOUBJIUAHUA B CJIU-
3UCThIE U CepO3HBbIe 0DOJIOUKH, a TaK:Ke B BOPOTa
cese3€éHKU. OcTpasd IodeyHas HEJOCTAaTOYHOCTb:
ouaroBbIii HeppoHekpo3. OcTpast JeroyHo-cepey-
Hasi HEJOCTATOYHOCTh. KauHuko-namo.aozo-ava-
momuveckuil aNuKpu3: TPU IATOJIOTO-aHATOMHU-
YECKOM BCKPBITHH 0OHAPY?KEHBI TPOSBJIEHUSA OCHOB-
HOTO 3a00JIeBaHUSI — DYPO3UBHOTO CEPO3HO-KaTa-
PIBHOTO SHTEPOKOJIUTA CMENIAaHHON OaKTepHasb-
uoii atnosoruu (JJHK Campylobacter, 6uomoruue-
CKOe HccefioBaHue Kaya: P. aeruginosa), ocyiox-
HUBIIIETOCS OCTPOH MOYEYHOU HEJOCTATOYHOCTHIO,
JIBYCTODOHHEH TOTaJIbHON (PUOPHUHOZHO-TIPO/YK-
TUBHOUM IMHeBMOHUeH. TeueHne ocHOBHOTO 3aboJie-
BaHWUS COIPOBOK/ATIOCH PA3BUTHEM OCTPOTO BEHO3-
HOTO TOJIHOKPOBHS M JUCTPOPUUECKUMHU H3MEHe-
HUSIMHM BHYTPEHHHUX OPTaHOB, T€MOJIUTHKO-YPEeMU-
YECKUM CHH/IPOMOM CO CMOPIHBAHHEM IIOUEK U
BHEIIOUEYHBIMU IPOSBJIEHUAMH, C HOJOCTPHIM Xa-
pakTepoM TeueHUs (CBEXKHE OYaru HEKpO3a SIIHTe-
JIMsl TIPOKCHUMAJIbHBIX KaHAJIbIIEB), OCTPOU JIETOU-
HO-CEP/IEYHON HEIOCTATOYHOCTHIO, IOCITYKUBIIEN
HEIOCPE/ICTBEHHOHN IIPUYIHON CMEPTH OOJIBHOM.

OBCYKJIEHHNE

IIpencraBieHHble BbINIE KINHUYECKHE HAOJIIO-
JIEHUsT JEMOHCTPUPYIOT CJIOXKHOCTDb BeZIeHUs TalU-
entoB ¢ ['YC, pa3BuBmIMMCcA IPU KaMIIIIIO0AKTeP-
HOH nHOeKINU. B KITMHNYecKUX peKOMeHAINAX 110
nuarHoctuke u jgeuenuio ['YC [1] He omrcaHa TakTh-
Ka BeIeHUs MMAIUeHTOB ¢ KaMmmwiobakrtepHbM ['YC.
Penkue myOiauKanuu, a TakKe OTCYTCTBHE YETKUX
Mpe/ICTaBJIEHUH O TaTtoreHe3e 3Toro Buza ['YC He
II0O3BOJISIOT BBIPAOOTATh a/IeKBATHBIE MTO/IXO/BI K Te-
panuu faHHOro cocrosgHusA. Takum obpasom, Bpa-
YaM MPUXOJUTCA JeHCTBOBATh MPAKTHUECKU BCJIE-
IIy10, OPUEHTHUPYSICH JIUIIH HA COOCTBEHHBIN KJIMHU-
YECKUU OIIBIT, a TAKXKE TEKYII[ee COCTOSTHUE U J1abo-
paTopHble TOKa3aTeIN Y KOHKPETHOTO MaI[UeHTa.

Haunas dopma TMA He oTsmyaercs: 61aromnpu-
ATHBIM TeueHUeM. Ha 3To ykas3pIBaIoT, Ipex/ie Bce-
ro, BBIpaKEHHbIE ITOJMOPTaHHbIE HAPYIIEHWs, 3a-
¢ukcrpoBaHHble y Halux nanueHTos. [1pu gudde-
peHuanbHOM uarHoctruke ['YC, BkIoUaoIe 06-
IIUPHBIA PAJT COCTOSHUM, TpebyeTcsi MpOBeIeHHE
KOMILIEKCHOTO BBICOKOCHEIU(PUIHOTO 00CIIe10Ba-
Hus. Bee 3T0 JleytaeT 3aTpyHUTEIBHBIM JUATHOCTH-
Ky TaKOTO COCTOSTHHS Ha YPOBHE I[€HTPAIbHBIX paii-
OHHBIX OOJIBHHII, YTO OBLIO HATJISHO IIPOJEMOH-
CTPUPOBAHO Ha IprMepe nanueHTku K. IIpoBenen-

DISCUSSION

The presented above clinical observations dem-
onstrate the complexity of Campylobacter-associat-
ed HUS patients management. The tactics of Cam-
pylobacter-dependent HUS patient management are
not included into clinical guidelines on HUS diag-
nostics and treatment [1]. There are just a few papers
on this topic, there is no clear pathogenesis picture of
HUS, that prevents developing appropriate ap-
proaches to treatment of this condition. As a result,
physicians have to act almost blindly, taking into ac-
count their own clinical experience, as well as cur-
rent patient’s condition and laboratory tests results.

This form of TMA is not characterized by a fa-
vorable course. This statement is proved first of all
by the pronounced multiorgan dysfunction syn-
drome found in our patients. Differential diagnos-
tics of HUS including a wide range of conditions
requires a comprehensive highly specific examina-
tion. All this makes diagnostics of HUS at the level
of CDH difficult, which was clearly demonstrated
by the example of patient K. The comprehensive
etiological diagnostics that was carried out on basis
of the Children’s City Hospital No. 3 made it possi-
ble to establish Campylobacter as an etiological
agent and exclude other more common etiological
agents of HUS (Shigella, STEC). Normal hemosta-
sis characteristics (prothrombin ratio, internation-
al normalization ratio and activated partial throm-
boplastin time) in every case and constant bacteri-
ological monitoring of body fluids (blood, urine,
sputum and ultrafiltrate) enabled physicians to ex-
clude disseminated intravascular coagulation (DIC)
syndrome and sepsis, and consequently to register
the TMA.

The observation materials share a number of
common features: pronounced condition severity,
massive initial damage to kidneys, multiorgan le-
sions (kidneys, lungs, intestinal canal, liver, heart
and brain), high level of humoral activity in blood, as
well as the lack of positive response to comprehen-
sive therapy. Common features of pathological
changes in organs: severe intestinal failure, recur-
rent lung tissue damage, manifested as interstitial
edema in the absence of hypervolemia, allow us to
consider the above mentioned organ lesions as TMA
consequences. These features made Shiga toxin
(Stx)-mediated HUS progression mechanism doubt-
ful. Typical HUS course is usually described as rela-
tively favorable: in most cases during less than
1—2 weeks hemolytic anemia and thrombocytopenia
disappear and diuresis is normalized [1, 19]. More-
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Hasg Ha 6asze JITKB NO 3 KoMIIeKCHAsI 3THOJIOTHYE-
CKas MarHOCTHKA II03BOJIMJIA YCTAHOBUTH B Kaue-
CTBE 3THOJIOTUYECKOTO areHTa uMmeHHO Campylo-
bacter u, ¢ IpaKTUYECKU MAaKCUMAJIbHON BEPOSITHO-
CTBIO, UCKJIIOUUTD JIpyTHe, Oojiee U3BECTHBIE 3THO-
noruyeckue areHTbl I'YC (mmmuresunsi, STEC). Hop-
MaJIbHBIE TIOKa3aTeJiM reMocrasza (ImpoTpoMbOuye-
CKMH HHJIEKC, MeXXIyHapo/JHOe HOPMAaJIHu30BaHHOE
OTHOIIIEHNE, aKTUBUPOBAHHOE YAaCTUYHOE TPOMOO-
IJIACTUHOBOE BPEMSI) B KXK/IOM CJIyJae, a TAKIKE I10-
CTOSIHHBI OaKTepUOJIOTUYECKUN KOHTPOJIb CpPeJl
(kxpoBB, MOUa, MOKPOTA, YIbTPaUIBTPAT) IIO3BOJIH-
JIV UCKJIIOUUTH passButue /JIBC-cuHpoma u cerncuca,
CJIeIoBaTeNIbHO, Y JAHHBIX NAIMeHTOB PErUCTPUPO-
Basiach uMeHHO TMA.

[IpuBesieHHBIE HAOIIONEHUS OOBEIUHSIET PST
oOITUX dYepT: BBIPa’KeHHAS TAKECThb COCTOSHUS,
MaCCHBHOE TEPBOHAUAIBHOE TOBPEK/EHNE IOYEK,
pa3BUTHE MYJIbTUOPTAHHBIX MOpaKeHWH (IMOYKH,
JIETKWE, KWIIEeYHWUK, IIeUYeHb, CepAIle, T'OJOBHOU
MO3T), BBICOKHH YPOBEHb T'YMOPIBHOU AaKTUBHOCTH
B KPOBH, a TAK)XKE€ OTCYTCTBUE ITOJIOKUTEJIBHON JU-
HAMUKH NIPU [IPOBEIEHNN KOMILJIEKCHOU Teparuu.
Ob1ree B xapaKTepe IMaTOJI0r0-aHATOMUYECKHUX W3-
MEHEHUH B OpraHax: TspKesas SHTepajbHas JHc-
(yHKIMA, perUIUBUPYIOIIee TOpaXKeHNe JIETOYHOH
TKaHU, IPOSIBJITIONIEECS B BUJIE HHTEPCTUIIHATHHO-
rO OTeKa, PEruCTPUPOBABLIETOCS IPU OTCYTCTBUH
[IPU3HAKOB OOIIel THUIEPBOJIEMUU — IIO3BOJIAIOT
CUUTATh JAHHBIE OPTAHHbBIE IIOPAYKEHMUSI CTIEICTBHEM
TMA. Hanuume Takux 0COOEHHOCTEH II03BOJISET
YCOMHUTbCA B MexaHusMe passutus ['YC, onocpesio-
BanHOM TokcuHOM IIlura (Stx), Bezp TI'YC xapakre-
pusyeTcsi OTHOCUTEIBHO OJIATONPUATHBIM TeUEHU-
eM: B OOJIBIIIMHCTBE CJIyuyaeB B TeUeHUEe MeHee YeM
1—2 HeJT UCYEe3aI0T TeMOJITUTUYECKAs aHEMUS U TPOM-
OoruToNEeHUA, HOpMaIu3yercs auypes [1, 19]. Kpo-
Me TorO, /1A TI'YC He XapakTepHO CTOJIb IINPOKOE
MYJIBTHOPTAaHHOE MTOPa’KEHUE B CHUJTY BHICOKOTO TPO-
mu3Ma StX K TKaHM IOoYeuyHoro sHjorenaus [18].
OKOHYATEJIPHBIM OTBETOM Ha JIAaHHBIN BOIIPOC MOT-
JI0 GBI TTOCJTY>KUTh IPSIMOE BBISIBJIEHHE StX pasimd-
HbBIMU MeToAaMu, B ToM uncie UPA u II1P, omHako
B IIOBCEJHEBHON IIPAKTHKE OTCYTCTBYeT BO3MOXK-
HOCTb ITPOBEJIEHUS TAHHBIX METOTUK.

ITpoBeneHHBIN aHATN3 JIBYX YKA3aHHBIX CIyIaeB
BBIAABUJI PsAJ| 3aKOHOMepHOCcTel. B wactHocTH, 06pa-
maer Ha cebs BHUMAaHHE ITUKJINYHOCTH DPAa3BUTHUS
VXY[IIIEHUH COCTOSTHUS, 3aYacTyl0 CBSI3aHHBIX C
tpancdysuamu C3I1 wiu ¢puipTpoBanHON Er-macchr
(puc. 1). Ilogo6uas cutyarus xapakrepHa st nl'YC.
Hetipamunuiaza S. pneumoniae atakyer N-areTu-
HeHPaMUHOBYIO KHCJIOTY, PACIOJIOXKEHHYI0 Ha IIO-
BEPXHOCTH KJIETOK, OOHaKasl MIPH 3TOM KPUIITOAHTHU-

over, massive multiorgan lesions are not typical for
tHUS due to high tropism of Stx to kidney endo-
thelium [18]. The final answer to the question could
be given if the Stx was detected with various meth-
ods, including ELISA and PCR, but in everyday prac-
tice there is no such option.

The analysis of these two cases revealed a num-
ber of regularities. In particular, the condition dete-
rioration cycles stand out. The cycles are often con-
nected to FFP and red blood cells transfusions
(Fig. 1). Such situation is typical for pHUS. S. pneu-
moniae neuraminidase attacks N-acetyl-neuramin-
ic acid located on the cell surface, thus exposing the
cryptoantigen. Natural antibodies to T-antigen,
present in humans, lead to red blood cells agglutina-
tion, endothelium damage, thrombosis activation,
and triggering other processes that result in HUS
development [1, 8, 19]. Due to the fact that FFP con-
tains natural antibodies to the T-antigen exposed by
pneumococcal neuraminidase, administration of
FFP in these cases is contraindicated with the ex-
ception of life threatening hemorrhage and DIC syn-
drome, as the FFP transfusion will contribute to de-
terioration of patient’s condition [20]. The contra-
indication also applies to unwashed red blood cells
because they contain plasma residues with above
mentioned antibodies [21]. Thus, considering the
data obtained, the neuraminidase mechanism of
Campylobacter infection-associated HUS develop-
ment is not excluded.

In addition, this hypothesis is supported by pro-
nounced cytolytic syndrome, that was documented
in both patients. A Thomsen-Friedenreich cryptoan-
tigen is present on hepatocytes, so the development
of cytolysis in HUS, mediated by neuraminidase
mechanism, is quite natural. In addition, such high
levels of humoral activity (C-reactive protein) are
rather not characteristic of tHUS, but can be ex-
plained by antibody-dependent inflammation in var-
ious tissues, supported by FFP and unwashed eryth-
rocytes infusions.

It should be noticed that the severity of the
course was influenced by serious complications,
namely Clostridium difficile-associated infection
and nosocomial ventilation-associated pneumonia.

We suppose that the replacement of some plas-
ma volume with serum albumin can explain positive
dynamics after FFP infusion in patient B. And finally,
direct Coombs’ test positive result in one of the cases
indicates the presence of an immune mechanism of
hemolysis. This unique feature is characteristic only
of neuraminidase HUS mechanism.
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reH. EcrecTtBeHHble aHTUTena K T-aHTUTEHY, UMEIO-
[Hecs y YesI0BeKa, IPUBOMAT K arTVIIOTHHAIIMH SPH-
TPOITUTOB, TIOBPEXKAEHUIO DSH/IOTES, aKTUBU3AINN
TpoM0O00Opa3oBaHUs M 3aIyCKY JIPYTHX IIPOIECCOB,
NpUBOAAIIKX B wtore K paspuruio I'YC [1, 8, 19].
B cuny Toro, uto B C3II cozep:karcs ecreCTBEHHBIE
aHTHTesNa K T-aHTUTeHY, OTOJIIEMOMY HEHpaMUHUA-
301 MTHEBMOKOKKA, BBesienre C3I1 y 5THX marmueHToB
MPOTHUBOIIOKA3aHO, 32 UCKJIIOUYEHUEM CJIyIaeB YIPO-
JKaloIero »KU3HU KpoBoTeueHus: win JIBC-cunapoma,
TaKk Kak OyzleT crocoOCTBOBATh YXYIIEHUIO COCTOSI-
Hust [20]. TIpoTHBOIIOKA3aHKE PACIPOCTPAHSIETCS U
Ha BBeJIEHHE HEOTMbBITHIX SPUTPOINTOB, TAaK KAaK OHHU
COZIEp?KAT OCTAaTKU ILJIa3Mbl, CIIOCOOHBIE COZEPIKATh
BBIIIEYTIOMsAHYThIe aHTuTena [21]. Takum obpazom,

ITaumentka b. / Patient B.
106.09] [07.09] [13.09]

I + I

The lung injury registered in both cases is a sub-
ject of interest. E.E. Bowen et al. in their observation
of Campylobacter-associated HUS in an adult
22-year-old patient also described the development
of pulmonary edema, subsequently complicated with
pulmonary hemorrhage. The methylprednisolone
pulse therapy was prescribed with a pronounced
positive dynamics: the RD was reversed in 3 days,
ventilator dependence was overcome. From the
authors’point of view, lung injury in HUS associated
with Campylobacter has immune mechanisms [16].
The described results of further kidney biopsy with
the traces of antibodies and complement detected in
the glomeruli of this patient, are consistent with the
hypothesis put forward.

[02.10]  [16.10] [28.10]

I <+ 4

—

¢

03.10 29.10
Passutue [H 3, CMNOH
NErOYHbIN OTEK, MODS

HapacTaHue OMMn

IManmentka K. / Patient K.

08.09 19.09 CocTosiHue
Pazsutne AH 3, Mpwu3Hakn C NONOKUTENBHOR
NEroYHbIN OTeK KNoCTpuAananbHom AVIHAMUKOIA

RD 3 - vndekym Positive dynamics

progression, Signs of closridial
pulmonary infections
edema

RD 3, pulmonary
edema, AKI
progression

116.07] [18.07] [23.07] [28.07] [31.07]

[12.08] [15.08] [16.08] [18.

4 I 4% 4+

+ 4

e

106.08] [10.08]
|
|

<<I>> <<I>> | |

/ |

17.07
Pazsutne AH 3, Y
NEroyHbIN OTeK 19.07 CocrosiHue 23.08
RD 3 PassuTne 6e3 ABHOW ANHaMUNKN Mporpeccupyiouee
progression, nepukapauTa No apparent pa3BuTue CMNOH
pulmonary Pericarditis improvment MODS progression
edema

<©> WHpysma C3M / FFP infusion

X NHdy3ua dunbTpoBaHHbIx sputpoumTtos / Filtered RBC infusion

@ NHy3ua otmbiTbix aputpountos / Washed RBC

PI/IC. 1. I[I/IHaMI/IKa COCTOAHMUA ITAITMEHTOB C KaMl‘[I/IIIO6aKTepHBIM I‘YC B 3aBUCHUMOCTHU OT HpOBOﬂHMOﬁ Teparn/m
(C3II — cBexxezamoposkeHHas 1a3ma; J{H 3 — fpixatesibHast HeJIOCTaTOUHOCTD 3-1 cT.; OITIT — ocTpoe moueuHoe
noBpeskenrie; CIIOH — cuHpOM OJIMOPTAaHHOW HEIOCTATOYHOCTH)

Fig. 1. Dynamics in patients’ state with Campylobacter-associated HUS in relation to conducted therapy
(FFP — fresh frozen plasma; RD 3 — respiratory distress stage 3; AKI — acute kidney injury;
MODS — multiple organ dysfunction syndrome)
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VUUTHIBASA [TOJIyUYEHHbIE JAHHbIE, He UCKJIIOUeHa pea-
JM3anys HeHpaMUHU/Ia3HOTO MeXaHU3Ma pasBUTHUA
I'YC npu undekusx, Bei3siBaeMbix Campylobacter.

I[ToMuMO 5TOrO, B MOJB3Y JAHHOH THUIIOTE3BI
CBUJIETEIBCTBYET HaJN4YMe BBIPA’KEHHOTO ITUTOJIU-
TUYECKOTO CHUHAPOMA, 3aUKCUPOBAHHOTO y 06eux
manueHTok. Kpunroantured Thomsen — Frieden-
reich mpucyrcTByer Ha remaTonuTax, IO3TOMY Pas-
BUTHE ITUTOJIN3A IPU HEHPAMUHU/IA3HOM MeXaHU3-
Me peaynmzanuu I'YC sBisercs BIIOJHE 3aKOHOMEP-
HbIM. Kpome TOro, HacTOJIbKO BBICOKHE ITOKa3aTeTHn
TYMOpPaJIbHOU aKTUBHOCTH (C-peakTHBHBIN 6esI0K)
CKopee He xapakTepHbl 1y TI'YC, OfHAKO MOTYT
O0OBACHATHCS aHTUTEJIO-OMIOCPEZIOBAHHBIM BOCIIasIe-
HUEM B Pa3JINYHBIX TKAHAX, TOAEP>KIBAEMbIM HH-
¢ysusamu C3I1 1 HEOTMBITBIX SPUTPOLIUTOB.

CrenmyeT OTMETUTBH, UTO Ha TAXKECTh TEUeHU:A
TaKKe 0KA3aJI0 BIIUSHUE HAJTUUNE TSIKEJIBIX OCI0MK-
HeHul 3Tou narosioruu B Buje Clostridium difficile-
acCOIMMPOBAHHOM MHOEKIIUY, a TaKKe HO30KOMU-
anpHBbIX VI BJI-acconnupoBaHHBIX THEBMOHUH.

YiaydmeHue COCTOAHWA NalUeHTKu b. mocsie
IIPOBEJIEHUS IIPOIEAYPHI IIIa3MO0OMeEHa, [0 Hallle-
My MHEHUIO, CBSI3aHO C YMEHbIIIEHHEM KOHI[EHTPa-
OHUH ayTOAHTHUTEJI, B CIJIy 3aMeEIIeHUsI OIpeesIeH-
HOTO 00BEMa IJIA3MbI PACTBOPOM asibbymuHa. B Jo-
BEPIIIEHUH BCETO B OJTHOM M3 HAOII0ZeHUH 3aduK-
CHPOBAHO HAJIMYUE IMOJIOKUTEIHbHON MPSMOU IpPO-
661 Kym0Oca, 4TO CBH/IETEHCTBYET O HATHMUMH KM-
MYHHOTO MeXaHH3Ma remMoJin3a. JJaHHas YHUKAJIb-
Hast 0cOOEHHOCTh XapaKTePHA TOJIBKO JJIsI HEHpaMu-
HugasHoro Mexanusma I'YC.

OO6pairmaeTr Ha cebs1 BHUMaHUE TTOPasKeHUe Jier-
KUX, 3apErucTpUpPOBaHHOE B 00oux cirydasx. E.E. Bo-
wen et al. B cBoeM Ha0II0/IeHUH KaMITHI00aKTEPHO-
ro I'YC y B3pocyioil 22-71eTHEN MallMEeHTKH TaK¥Ke
OTHCHIBAIOT PA3BUTHE JIETOYHOTO OTEKA, OCIOKHIB-
IIIETOCS BIIOCJIEICTBUM JIETOYHBIM KPOBOTEUEHHUEM.
B kauectBe Tepamuu ObUIa HazHAUeHA IIYJIbC-
Tepanus MUTUIIPETHU30IOHOM, C IPKO BBIPAKEH-
HOM IOJIOKUTEIbHOM JUHAMHUKOM: B TeUeHHE 3 JHEMH
yAaJIoCh KynupoBaTh cuMnToMbl JIH, mpeososnersb
3aBucumocTs oT VIBJI. C mo3unuu aBTopoB, Iopaske-
Hue Jérkux npu ['YC, acconupmpoBanHom ¢ Campy-
lobacter, nmeeT UMMyHHBIE MeXaHU3MBbI [16]. Omu-
CaHHBIE PE3yJIbTaThl IPOBEJIEHHON B JAJIbHEUIIIEM
Hedpobuoncuu ¢ oOHApy)XEHHEM B IJIOMEpPYJIAX Y
VKa3aHHOU MAITUEHTKH CJIEZIOB AaHTUTEJ U KOMILIe-
MEHTA COIJIACYIOTCSA C BBIIBUTAEMOM T'UIIOTE30H.

Campylobacter TpaUIIMOHHO aCCOIUUPYETCH C
pa3JIMYHBIME ~ AQyTOUMMYHHBIMH  HapYIIEHUSMU,
BKJIFOUAsi CUH/IpoM ['miieHa — Bappe, peakTUBHBIE
apTPUTHI U /Ip. [22—24]. YUUTHIBas BHIIIIECKA3aHHOE,
Ha COBPEMEHHOM 3Tarle He CIeAyeT UCKIIUATh BO3-

Campylobacter is traditionally associated with
various autoimmune disorders including Guillain-
Barre syndrome, reactive arthritis and others [22—
24]. Given the above, at the present moment we
should not exclude the possibility of another autoim-
mune mechanism for the development of TMA in
Campylobacter infections, not connected with neur-
aminidase.

Thus, HUS associated with Campylobacter is a
challenge for modern medicine. It’s low incidence
rate and an extensive list of necessary laboratory
data required for diagnosis verification result in
slow knowledge accumulation concerning this pa-
thology. The lack of clinical guidelines and proto-
cols and the unclear HUS pathogenesis do not allow
developing adequate approaches to diagnosis, and
most importantly, to the therapy of such a serious
condition which is usually characterized by multi-
organ damage. Taking into account the data ob-
tained, it seems reasonable to limit the use of FFP in
the treatment of such a serious condition, with the
exception of cases of life threatening hemorrhage
and DIC syndrome. In addition, only washed eryth-
rocytes should be used to correct anemia, since this
procedure allows to remove up to 95% of plasma
contained in red blood cell concentrate. Reports on
successful treatment and possible immune genesis
of such conditions enable us to consider glucocorti-
costeroid therapy as the front-line therapy, provid-
ed a careful comparison of the risks of benefit and
harm.

CONCLUSION

Campylobacter-associated HUS is a complex
urgent pathology with a reliably unknown pathogen-
esis, which requires further studies in order to de-
velop and optimize approaches to the diagnosis and
therapy of this condition.
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MOXKHOCTb ¥l UHOTO, HE CBS3aHHOTO C HeHpaMUHUA-
30, ayTOUMMYHHOTO MexaHu3Ma pasputus TMA
IIPU KaMITUJI00aKTEPHBIX HHOEKITUAX.

Takum obpasom, I'VC, accoruupoBaHHBIA C
Campylobacter, siByisieTcsi CII0KHOM IPOBIIEMOTE CO-
BpeMeHHOH MeuIUHBL. Peskas yactoTa BeTpedae-
MOCTH, a TaK)Ke OOIIMPHBIN IepeueHb HEOOXOmH-
MBIX JIJaHHBIX JJA00PAaTOPHOU JJUATHOCTHKH, TPeOye-
MBIH 7711 BepudUKAIUU AUArHo3a, MPUBOJAT K
Me/JIeHHOMY HaKOIJIEHUIO 3HAHUU 0 JaHHOU maTo-
soruu. OTCYyTCTBUE KIIMHUYECKUX PEKOMeH/Ialuii U
MIPOTOKOJIOB W HESCHBIM IAaTOT€HE3 YKa3aHHOTO CO-
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CTOSTHUSI HE TO3BOJIAIOT BBIPA0OTATh a/JieKBAaTHBIE
IIOIXO/IbI K IMAaTHOCTUKE, a caMoe TJIaBHOe, K Tepa-
MMUU CTOJIb TS?KEJIOTO COCTOSIHHS, XapaKTepPU3YyIo-
erocsi, Kak IpaBuUJIO, MyJIbTHOPTaHHBIM MOpaKe-
HHEM. YUUTHIBAsS MOJIydeHHbIE JJaHHbIE, TIPEJICTaB-
JISIETCSl PAallMOHAIbHBIM OTPaHUYEHUE TPUMEHEHHS
C3II B Tepanuu MoI00HBIX COCTOSTHUH, 32 KCKITIOUe-
HHUEM CJIYYaeB KU3HEYTPOXKAKIIETO KPOBOTEUEHU S,
a takxke JIBC-cunipoma, Kpome TOro, ¢ IeJIbI0 KOp-
PEKIIUU aHEMUH CJIEAYeT HUCI0Ib30BaTh TOJIBKO OT-
MbITYI0 Er-maccy, Tak Kak JlaHHasA MPOIEaypa Io-
3BOJIsIET yOWpaTh 0 95 % cojepskalieiicss B HeH
mwiasMel. CooOmieHne 06 yCIIEIHOM JIeYeHUH, a
TaK:Ke BEPOATHBI UMMYHHBIN TeHe3 MOJ00HBIX CO-
CTOSTHUH TT03BOJISIIOT PACCMATPHUBATh TEPATIHIO TJTIO-
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3AK/IIOYEHUE

I'YC, pazBuBaroOuiicsa IPU KaMIIMI0O0AKTEPHOM
NHOEKIUH, SBJISIETCS CJI0KHOU YPreHTHOH MaToJI0-
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REFERENCES

1. Ministry of Healthcare of Russia. Hemolytic uremic
syndrome: Clinical Guidelines / Union of Pediatri-
cians of Russia. 2014. Retrieved on Oct 22, 2020 from
http://www.pediatr-russia.ru/information/klin-rek/
deystvuyushchie-klinicheskie-rekomendatsii/TYC
nmetu CITP.v2.pdf.

2. Garg A.X., Suri R.S., Barrowman N. et al. (2003).
Long-term renal prognosis of diarrhea-associated
hemolytic uremic syndrome: a systematic review,
meta-analysis, and meta-regression. JAMA, 2003,
290 (10), 1360—-1370. doi: 10.1001/jama.290.10.1360.

3. Center for Disease Control and Prevention. Hemo-
lytic Uremic Syndrome, Post-diarrheal (HUS). Re-
trieved on June 11, 2020 from https://wwwn.cdc.
gov/nndss/conditions/hemolytic-uremic-syndrome-
post-diarrheal.

4. Michael M., Elliott E.J., Craig J.C. et al. (2009). Inter-
ventions for hemolytic uremic syndrome and throm-
botic thrombocytopenic purpura: a systematic review
of randomized controlled trials. Am. J. Kidney Dis.,
53 (2), 259—272. doi: 10.1053/j.ajkd.2008.07.038.

5. Srivastava R.N., Moudgil A., Bagga A. et al. (1991).
Hemolytic uremic syndrome in children in north-
ern India. Pediatr. Nephrol., 5 (3), 284—288. doi:
10.1007/bfo0867477.

6. Guerin P.J., Brasher C., Baron E. et al. (2003). Shi-
gella dysenteriae serotype 1 in west Africa: inter-
vention strategy for an outbreak in Sierra Leone.
Lancet, 362 (9385), 705—706. doi: 10.1016/S0140-
6736(03)14227-4.

7. Nathanson S., Deschénes G. (2001). Prognosis of
Streptococcus pneumoniae-induced hemolytic ure-
mic syndrome. Pediatr. Nephrol., 16 (4), 362—365.
doi: 10.1007/s004670100564.

8. Constantinescu A.R., Bitzan M., Weiss L.S. et
al. (2004). Non-enteropathic hemolytic uremic
syndrome: causes and short-term course. Am.
J. Kidney Dis., 43 (6), 976—982. doi: 10.1053/j.
ajkd.2004.02.010.

9. Makarova T.P., Mrasova V.K., Shakirov I.D., Senek
S.A., Osipova N.V. (2006). Hemolytic uremic syn-
drome in children. Pract. Medicine, 5 (19), 18—20. In
Russ.

Journal homepage: http://jsms.ngmu.ru

105



doi: 10.31549/2542-1174-2020-3-93-107

Kapnoesuu I'.C. u dp. / Journal of Siberian Medical Sciences 3 (2020) 93—107

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Keenswijk W., Degraeuwe E., Dhont E., Raes A., Vande
Walle J. Hemolytic uremic syndrome associated with
non-Shigatoxin-producing infectious agents: Ex-
panding the Shigatoxin theory // J. Pediatr. Hematol.
Oncol. 2019. Vol. 41 (3). P. e179—e181. doi: 10.1097/
MPH.0000000000001196.

May T., Gerard A., Voiriot P. et al. Campylobacter je-
juni associée a un syndrome hémolytique et urémique
[Campylobacter jejuni enteritis associated with hemo-
lytic-uremic syndrome] // Presse Med. 1986. Vol. 15
(17). P. 803—-804.

Carter J.E., Cimolai N. Hemolytic-uremic syndrome
associated with acute Campylobacter upsaliensis
gastroenteritis // Nephron. 1996. Vol. 74 (2). P. 489.
doi: 10.1159/000189403.

Chamovitz B.N., Hartstein A.I., Alexander S.R. et al.
Campylobacter jejuni-associated hemolytic-uremic
syndrome in a mother and daughter // Pediatrics.
1983. Vol. 71 (2). P. 253—256.

Soper C.P., Sampson S.A., Velasco N. Renal thrombot-
ic microangiopathy, Campylobacter gastroenteritis
and anti-cardiolipin antibody // Nephrol. Dial. Trans-
plant. 2000. Vol. 15 (8). P. 1261-1262. doi: 10.1093/
ndt/15.8.1261-a.

Jenssen G.R., Vold L., Hovland E. et al. Clinical fea-
tures, therapeutic interventions and long-term aspects
of hemolytic-uremic syndrome in Norwegian children:
nationwide retrospective study from 1999-2008 //
BMC Infect. Dis. 2016. Vol. 16: 285. doi: 10.1186/
$12879-016-1627-7.

Bowen E.E., Hangartner R., Macdougall I. Campylo-
bacter-associated hemolytic uremic syndrome asso-
ciated with pulmonary-renal syndrome // J. Gen. In-
tern. Med. 2016. Vol. 31 (3). P. 353—356. doi: 10.1007/
$11606-015-3403-6.

Smith J.L., Gunther IV N.W. Commentary: Campylo-
bacter and hemolytic uremic syndrome // Foodborne
Pathog. Dis. 2019. Vol. 16 (2). P. 90—93. doi: 10.1089/
fpd.2018.2513.

Kapnosuu I'.C., Kpacuosa E.U., Bacionun A.B. u gp.
TeMOTUTUKO-yPEMUYECKHUI CUHAPOM. Bo3MOXKHAsI
STHOJIOTUYECKAs poJib HHGEKINH, BEI3BAaHHOH Cam-
pylobacter // AnbMaHax KJIMH. METUITUHBL. 2020. 48.
doi: 10.18786/2072-0505-2020-48-017.

Hayunoe o6iiectBo HedposioroB Poccun. Kaunu-
YeCKHEe PEKOMEH/IAINH TI0 JHATHOCTUKE U JIEUEHUIO
ATUIIUYHOTO  TeMOJIUTUKO-YPEMUYECKOTO  CHUH/[I-
poma // Hedposorusa u puanus. 2015. T. 17, No 3.
C. 242-264.

Krysan D.J., Flynn J.T. Renal transplantation after
Streptococcus pneumoniae-associated hemolytic ure-
mic syndrome // Am. J. Kidney Dis. 2001. Vol. 37 (2).
P. e15.1—€15.8. doi: 10.1053/ajkd.2001.21359.

Karan M.IO. I'eMOJIMTUKO-ypEMUUYECKUH CUH/IPOM,
aCCOIMMPOBAHHBIA C MMHEBMOKOKKOBOU HH(]EKI[Uei
(0o630p stuTeparypsl) // Hedposorus u auanus. 2013.
T. 15, N2 2. C. 116—119.

World Health Organization. Campylobacter. URL:
https://www.who.int/foodsafety/areas_work/food-
borne-diseases/campylobacter/en/. Jlata obparienus:
11.06.2020.

Ajene A.N., Fischer Walker C.L., Black R.E. Enteric
pathogens and reactive arthritis: a systematic review
of Campylobacter, Salmonella and Shigella-associated

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Keenswijk W., Degraeuwe E., Dhont E., Raes A.,
Vande Walle J. (2019). Hemolytic uremic syndrome
associated with non-Shigatoxin-producing infectious
agents: Expanding the Shigatoxin theory. J. Pediatr.
Hematol. Oncol., 41 (3), e179—e181. doi: 10.1097/
MPH.0000000000001196.

May T., Gerard A., Voiriot P. et al. (1986). Campylo-
bacter jejuni associée a un syndrome hémolytique et
urémique [Campylobacter jejuni enteritis associated
with hemolytic-uremic syndrome]. Presse Med., 15
(17), 803—804.

Carter J.E., Cimolai N. (1996). Hemolytic-uremic
syndrome associated with acute Campylobacter up-
saliensis gastroenteritis. Nephron., 74 (2), 489. doi:
10.1159/000189403.

Chamovitz B.N., Hartstein A.I., Alexander S.R. et al.
(1983). Campylobacter jejuni-associated hemolytic-
uremic syndrome in a mother and daughter. Pediat-
rics, 71 (2), 253—256.

Soper C.P., Sampson S.A., Velasco N. (2000). Renal
thrombotic microangiopathy, Campylobacter gas-
troenteritis and anti-cardiolipin antibody. Nephrol.
Dial. Transplant., 15 (8), 1261—-1262. doi: 10.1093/
ndt/15.8.1261-a.

Jenssen G.R., Vold L., Hovland E. et al. (2016). Clini-
cal features, therapeutic interventions and long-term
aspects of hemolytic-uremic syndrome in Norwegian
children: nationwide retrospective study from 1999—
2008. BMC Infect. Dis., 16, 285. doi: 10.1186/s12879-
016-1627-7.

Bowen E.E., Hangartner R., Macdougall 1. (2016).
Campylobacter-associated hemolytic uremic syn-
drome associated with pulmonary-renal syndrome.
J. Gen. Intern. Med., 31 (3), 353—356. doi: 10.1007/
$11606-015-3403-6.

Smith J.L., Gunther IV N.W. (2019). Commentary:
Campylobacter and hemolytic uremic syndrome.
Foodborne Pathog. Dis., 16 (2), 90—93. doi: 10.1089/
fpd.2018.2513.

Karpovich G.S., Krasnova E.I., Vasyunin A.V. et al.
(2020). The hemolytic uremic syndrome a possible
etiological role of Campylobacter infection. Almanac
of Clinical Medicine, 48. doi: 10.18786/2072-0505-
2020-48-017. In Russ.

Nephrologists reserch society of Russia (2015). Clini-
cal guidelines on diagnostics and treatment of atypi-
cal hemolytic uremic syndrome. Nephrology and Di-
alysis, 17 (3), 242—264.

Krysan D.J., Flynn J.T. (2001). Renal transplantation
after Streptococcus pneumoniae-associated hemo-
lytic uremic syndrome. Am. J. Kidney Dis., 37 (2),
e15.1—e15.8. doi: 10.1053/ajkd.2001.21359.

Kagan M.Ju. (2013). Pneumococcus-assosiated he-
molytic uremic syndrome (literature review). Ne-
phrology and Dialysis, 15 (2), 116—119.

World Health Organization. Campylobacter. Re-
trieved on June 11, 2020 from https://www.who.int/
foodsafety/areas_work/foodborne-diseases/campy-
lobacter/en/.

Ajene A.N., Fischer Walker C.L., Black R.E. (2013).
Enteric pathogens and reactive arthritis: a systematic
review of Campylobacter, Salmonella and Shigella-

106

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2020-3-93-107

Karpovich G.S. et al. / Journal of Siberian Medical Sciences 3 (2020) 93—107

reactive arthritis // J. Health Popul. Nutr. 2013. Vol. 31
(3). P. 209—307. doi: 10.3329/jhpn.v31i3.16515.

24.Dua K., Banerjee A. Guillain-Barré syndrome: A re-
view // Br. J. Hosp. Med. (Lond). 2010. Vol. 71 (9).
P. 495—498. doi: 10.12968/hmed.2010.71.9.78159.

CBEJEHUA Ob ABTOPAX

KapnoBuu I'ste6 CepreeBud — accucTeHT Kadepbl UH-
dexnuonubix 60se3nelt PI'BOY BO «HoBocuOUpCKuit
rocy/1apCTBEHHBIN MeIUITUHCKUHA YHUBEPCUTET».

BacronuH Asekcanap BacuiabeBudu — 1-p Mesl. HAyK,
npodeccop kadenpbl UHDEKIIUOHHBIX OOJIe3HEH
®I'bOY BO «HoBocubupckuil rocysapcTBeHHBIN Me-
JIUINIVHCKUHA YHUBEPCUTET».

Kpacunosa Ejnena UropeBHa — J-p Me/. HayK, IIPo-
deccop, 3aBeayomuii kabenpor HHPEKITHOHHBIX 60-
snesneiit ®I'BOY BO «HoBocuOUPCKU# TOCyAapCTBEH-
HBIH METUIMHCKUY YHUBEPCUTET».

KapnmoB Muxauja AJjieKkCaHAPOBUY — KaHJ. MeJ.
HAYK, JOIEHT Kadeapsl MaTOJOTHYECKON aHATOMUU
®I'bOY BO «HoBOCMOUPCKU TOCY/IapCTBEHHBIN Me-
JIUIUHCKUU YHUBEPCUTET».

HNsBexosa Mpuna AxoBjaeBHa — J-p Me/l. HayK, IIPO-
deccop xadenpsl nHGEKIHUOHHBIX 60se3Helr PI'BOY
BO «HoBocubupckuii rocysapcTBeHHbIH MeUIUH-
CKUU YHUBEPCUTET».

Cypauna TarpsaHa 'eHHaxbeBHA — 3aMeCTUTEJIb [JIaB-
HOro Bpaua 110 jieue6Ho# yactu 'BY3 HCO «/lerckas ro-
porckasi KiimHuYeckas 6opHUIA N2 3» (HoBOCHOUPCK).

EnuBaroBa/luinalIBaHoBHa — Bpay-peaHUMaTOJIOT,
3aBeyIOIINH OT/IeJIeHUEeM PEAaHUMAIINU U UHTEHCUB-
Hoii Tepanuu I'BY3 HCO «JleTckas ropojckas KJiu-
Huyeckas 6ospHUIA N2 3» (HoBOCHOUPCK).

KysnenoBa Bepa I'aBpuujoBHa — A-p Mea. Hayk,
npodeccop kadenpbl UHDEKITUOHHBIX OOJIe3HEH
OI'bOY BO «HoBoCuOUpPCKU rocy/IapCTBEHHBIN Me-
JIUIUHCKUU YHUBEPCUTET».

Oo6pasen murtupoBaHusna: Kapnosuu I.C., Ba-
cionnH A.B., Kpacnosa E.N., KapmoB M.A., N3Beko-
Ba 1.4., Cypauna T.I., EnuBartosa JI.U., Ky3nenosa B.I".
T'eMOJIUTHKO-YPEMHUYECKUNA CHHAPOM, aCCOLMUPOBAH-
it ¢ Campylobacter-undexiiueii y getei: ABa KINHU-
veckux ciaydas // Journal of Siberian Medical Sciences.
2020. N¢ 3. C. 93-107.

associated reactive arthritis. J. Health Popul. Nutr.,
31 (3), 209—307. doi: 10.3329/jhpn.v31i3.16515.

24.Dua K., Banerjee A. (2010). Guillain-Barré syndrome:
A review. Br. J. Hosp. Med. (Lon.), 71 (9), 495—498.
doi: 10.12968/hmed.2010.71.9.78159.

ABOUT THE AUTHORS

Karpovich Gleb Sergeyevich — Assistant, Infectious
Disease Department, Novosibirsk State Medical Uni-
versity.

Vasyunin Aleksandr Vasilyevich — Dr. Sci. (Med.),
Professor, Infectious Disease Department, Novosi-
birsk State Medical University.

Krasnova Elena Igorevna — Dr. Sci. (Med.), Head, In-
fectious Disease Department, Novosibirsk State Medi-
cal University.

Karpov Mihail Aleksandrovich — Cand. Sci (Med.),
Assistant Professor, Pathological Anatomy Depart-
ment, Novosibirsk State Medical University.

Izvekova Irina Yakovlevna — Dr. Sci. (Med.), Profes-
sor, Infectious Disease Department, Novosibirsk State
Medical University.

Surdina Tatyana Gennadyevna — Deputy Chief Doc-
tor, Children’s City Hospital No. 3 (Novosibirsk).

Enivatova Liliya Ivanovna — Emergency Physician,
Head, Resustitation and Intensive Care Department,
Children’s City Hospital No. 3 (Novosibirsk).

Kuznetsova Vera Gavriilovna — Dr. Sci. (Med.), Pro-
fessor, Infectious Disease Department, Novosibirsk
State Medical University.

Citation example: Karpovich G.S., Vasyu-
nin AV., Krasnova E.I., Karpov M.A., Izvekova 1.Ya., Sur-
dina T.G., Enivatova L.I., Kuznetsova V.G. (2020). Cam-
pylobacter-associated hemolytic uremic syndrome in
children: two case histories. Journal of Siberian Medical
Sciences, 3, 93—107.

107



VIK 616.94:616.155.3]-07/.08

JIumdonenns kak pakTop, onpeaeaauiuil TAKECTDh CEIICHCca,
KaK TOUHBIA KPUTEPUH JUATHOCTUKHU U KaK O0BEKT Tepanuu

Crpenbriora E.W.-2, ITemkosa 1.B.!, Camatos 1.10."2, Baneesa B.A.!, Bepemarun E.I.!

@I'EOY BO «Hogocubupckuil 2ocydapcmeeHHbiit meduyuHckuil ynusepcumem» Munzdpasa Poccuu

2I'bY3 HCO «I'ocydapcmeennas Hosocubupckas obaacmuasn kaunuveckas 6oaviuya» (Hogocubupck)

Lymphopenia as a determinant factor of sepsis severity,
as an exact diagnostic criterion, and as an object of therapy

Streltsova E.I.»2, Peshkova I.V.}, Samatov I.Yu.»2, Valeeva V.A.}, Vereshchagin E.I.!

‘Novosibirsk State Medical University
2Novosibirsk State Regional Clinical Hospital

AHHOTAIIUA

TTOTBITKY OIITUMHUBAIMHI JUATHOCTUKH CEIICHCA U €T0 OCJ0KHEHUH MPUBEIH K cO3/IaHuI0 KoHnennuu Cemncuc-3,
BCTYHAOIIEH B MPOTUBOPEYHE C OCHOBHBIMH TOJIOKEHUSMHU TEPAIIHNU 3TOTO YIPOKAIOIIETO COCTOSHUS, a UMEHHO —
MaKCUMaJIbHO pAaHHUM Ha4yaJiOM JieueHUs. B CBOIO ouyepe/ib, BHE/[pEHNE HOBBIX METO/IOB MOHUTOPUHTA U MIPOTE3UPO-
BaHUA QPYHKIMI OPraHOB MPU MOJIUOPTAaHHON HEOCTATOYHOCTH HE BBI3BAJIO 3aMETHOIO YJIYUIlIeHHUs Pe3yIbTATOB Te-
panuu cemncuca. [IIupokoe pacrpocTpaHeHre Pe3UCTEHTHHIX K aHTUOMOTUKOTEPATINY IIITAMMOB TaK3Ke TpeOyeT moucka
HOBBIX ITOJTX0/IOB B TUATHOCTUKE M TEPATIUU CETICHCA.

Hacrosmuii 0630p Ipu3BaH aKIeHTUPOBATh BHUMAaHUE Ha TAKOM TUITUYHOM JIJIsI CETICHCA SIBJIEHUH, KaK abCOJTIOT-
Has tuMdoreHns1. MHOTOYHCIEHHbIE UCCIIEIOBAHUS MIOKA3BIBAIOT, YUTO MMEHHO JIMMGOIIEHHU I OTIPE/IEIISIET TAKECTD Te-
yeHHs cerncuca. KoMmo3uTHble HH/IEKCHI (COOTHOIIeHHEe HerTpodubl/muMdonutsl (neutrophil-lymphocyte count ratio,
NLCR) uiu iuM@pOmuTapHbIN HHEKC (COOTHOIIIEHHE JTUMQPOIUTHI/TPAHYJIONUTHI HEPUDEPHUUECKON KPOBH)) ABJISIIOTCS
HaunboJsee HaZIEXKHBIMU KPUTEPUSIMHU B IUATHOCTUKE cercruca. Kpome Toro, mpesicTaBieHHbIE JaHHBIE CBUETEIbCTBYIOT
0 TOM, YTO KOPPEKIH JIUMMOIIEHUH OCTOBEPHO YJIydIllaeT MPOrHO3 mpH cerncuce. OUeBUIHO, YTO MPU3HAHKE KJII0Ue-
BOH poJii abCOMIOTHON TUMQOIIEHUH B IIATOTeHe3e, JUATHOCTUKE U TEPANIUU CETICUCA MOCTYKUT TOJTYKOM K JlaTbHeH-
IIIeMY Pa3BUTHIO KOHIIETIITUY CETICHCca.

Karoueewvte c108a: CeIcuc, TUarHoCTUKa, TUM@OoIeHust, TUMOOIUTAPHBINA HH/IEKC.

ABSTRACT

Attempts to optimize the diagnosis of sepsis and its complications have led to the development of Sepsis-3 concept
which contradicts the basic provisions of therapy for this threatening condition, namely, the earliest possible onset of the
treatment. In turn, the introduction of new methods for monitoring and substitution of organ functions in multiple organ
failure did not cause a noticeable improvement in the results of sepsis therapy. The high incidence of antibiotic-resistant
strains also requires the search of the new approaches in the diagnosis and therapy of sepsis.

The present review is intended to focus on such a typical sepsis phenomenon as absolute lymphopenia. Numerous
studies show that it is lymphopenia that determines the severity of sepsis. Composite biomarkers (the neutrophil-lympho-
cyte count ratio, NLCR) or lymphocyte index (the lymphocyte/peripheral blood granulocytes ratio)) are the most reliable
criteria in sepsis diagnosis. In addition, the presented data suggest that lymphopenia correction significantly improves
prognosis in sepsis. It seems clear that the acknowledgment of the absolute lymphopenia’s key role in pathogenesis, diag-
nosis and therapy of sepsis will serve as an impulse for further development of sepsis concept.

Keywords: sepsis, diagnostics, lymphopenia, lymphocyte index.
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CoriacHO HCC/IEIOBAHUAM YHCJIO IAIEHTOB C
CETICHCOM COCTaBJISIET IPUMEPHO 800 000 B IO/ TOJIb-
ko B CIIIA, JjieTaIbHOCTh IIPU CETICUCE HAXOJUTCH B
npeziesiax 30 %, a o0Iasi CTOMMOCTh TEPAITMH paBHA
39 % OT BcexX rOCIUTAIBHBIX pacxo/ioB. Toapko B CIIIA
CETICHC SBJISIETCS IPUUMHOU CMEPTH 210 000 OOJIBHBIX
B roz [1]. Cpean cymecTByIOIIUX MpOOIEM Teparvu
0OJIBHBIX C CETICHCOM MOKHO BBIJIEJIUTD CIIEYIOIIHE.

Bo-mepBbIX, MOBTOpsIONIHECS Heyaauu Oosee
30 KJIMHHYECKUX HCCJIeIOBAaHUN 3a IIOCIeJHUE He-
CKOJIBKO JIET, 0A3UpYIOIIUXCA Ha THUIIEPBOCIAIHN-
TEJIbHOM OTBETE IPU CEICHCE, CBUJIETEIHCTBYIOT O
HEeI0CTaTOUHOCTH HAaIllero IIOHHMAaHHs IIaToreHesa
cericuca [2, 3]. Bo-BTOpBIX, KJI0YEBBIM MOMEHTOM B
Tepaluy CEeIcrca SIBJsSETCS PaHHSIsS [UArHOCTUKA U
MaKCHUMAaJIbHO PaHHsSA aJleKBaTHasl JIMATHO3Y aHTH-
bakrepuasibHast Tepanus [4]. [IpuHATas KOHIETIUSL
Cericric-2 I03BOJISIJIA TIOCTABUTD IUATHO3 U IPHUCTY-
IMUTH K 3JIEKBATHOU TepaIvU, BKIOYAs XUPyprude-
CKOE€ JIeUeHHe, B TeUEHHE IIEPBOT0 Yaca HaX0XK/IeHUs
B CTallMOHApE, OZTHAKO B IOCJIEYIOIIEM ObLIa Mo/-
BEPTHYTa CIIPABEJJIMBON KPUTHUKE 3a OTCYyTCTBHE
TOYHBIX KDUTEPHEB PAHHEN JUATHOCTUKU U OIIpeie-
JieHus ¢as CeNTUYECKOTO IIPOIecca, YTO IPUBOIAIIO
K TUIIEP/IMAaTHOCTHUKE B IEPBYIO a3y U TPYAHOCTH
IMOCTAaHOBKHU JIMaTHO3a BO BTOPYIO. B-TpeThux, KOH-
nenius Cericrc-3, /iejiast akIeHT Ha IPHU3HAKaX IMo-
JIMOPTraHHOW HEJ0CTATOYHOCTH KakK Hawbosee J0-
CTOBEPHBIX, HO MO3/IHUX MIPU3HAKAX CEIICHCA, BCTY-
IMaeT B IMPOTHBOPEYUE C IJIABHBIM IPHUHITAIIOM Te-
panuu [5].

TakuMm 00pa3oM, CJIOKHIACh CUTYaIlusi, KOTZa
TpebyeTcsi MepecMOTp W IAaTOTeHETHYECKUX MeXa-
HHU3MOB Pa3BUTHS CEIICHCA, U KPUTEPUEB JIMATHOCTH-
KU, ¥ HOBBIX 3((EKTUBHBIX METO/IOB €TI0 TEPATUH.

1. JInmdponenusa kak paxkrop, onpeaesaa-
IOLUI TAMKECTh CEeIICHuca

VMMyHHBIA OTBET IIPU CEIICUCE, COTJIACHO CO-
BPEMEHHBIM TIPE/ICTABJIEHUSIM, BKJIIOUAET Be (as3bl
[6, 7]. IlepBasa dasza xapakTepusyeTcs aKTUBAI[UEH
KJIETOK UMMYHHOU CHUCTEMbBI U MPOTEKAET C Mpeod-
JIaIaHUEM CUH/POMA CUCTEMHOTO BOCIIATUTETLHOTO
otBeta (CCBO), mposABIIAIONIErocs MpenMyIIecTBEH-
HBIM CHHTE30M IIPOBOCIIUTEIBHBIX ITUTOKUHOB
(®HO-q, IL-1R, B, 8) u apyrux MapkepoB Bocmae-
Hus — C-peaktuBHoro 6esnka (CPB), mpokasbiiuro-
HuHA. HanbosrbImid pocT ypoOBHSA MPOBOCTIAIUTETb-
HBIX MEUAaTOPOB B KPOBOTOKE («IIUTOKUHOBBIH
IITOPM>») XapaKTEPEH JIJISI CETNICHCA H CEIITHYECKOTO
III0Ka, COMPOBOXKAAIOIIMUXCA JUCPYHKIIUENR OTHOTO
WIN HECKOJIbKUX OPraHOB — TOJIMOPTaHHOW HE0-
cratrouHocteio (IIOH). Bropas ¢dasa centuueckoro
mmpoliecca cBsizaHa ¢ opMUpPOBAaHUEM IIPOTHBOBOC-
MaJInTeJIbHOro oTBeTa [6—8].

According to studies, the number of patients
with sepsis amounts approximately for 800 000 per
year in the USA alone, the mortality rate for sepsis is
within 30%, and the total cost of therapy equals to
39% of all hospital expenses. In the USA alone, sep-
sis causes 210 000 deaths of patients per year [1].
Among the existing problems in the treatment of pa-
tients with sepsis are the following.

First, the recurring failures of more than 30
clinical studies over the past few years based on
hyperinflammatory response in sepsis suggest a
lack of our understanding of sepsis pathogenesis
[2, 3]. Secondly, the key point in sepsis treatment
is early diagnosis and the earliest possible antibac-
terial therapy adequate to the diagnosis [4]. The
accepted Sepsis-2 concept allowed to make a diag-
nosis and begin adequate therapy, including sur-
gery, during the first hour of admission to the hos-
pital, but was subsequently justly criticized for the
lack of accurate early diagnosis criteria and deter-
mination of septic process phases, which led to
overdiagnosis in the first phase and difficulties in
making a diagnosis in the second. Thirdly, the Sep-
sis-3 concept, emphasizing the multiple organ fai-
lure symptoms, as the most reliable but late signs
of sepsis, contradicts the main principle of thera-
py [5].

Thus, a situation has arisen when it is required
to revise both the pathogenetic mechanisms of sepsis
development, its diagnostics criteria, and new effec-
tive methods of its therapy.

1. Lymphopenia as the factor defining the
severity of sepsis

The immune response in sepsis, according to
modern concepts, includes two phases [6, 7]. The
first phase is characterized by activation of cells in
the immune system and proceeds with predomi-
nance of systemic inflammatory response syndrome
(SIRS) which is shown by primary synthesis of pro-
inflammatory cytokines (TNF-a, IL-1R, B, 8) and
other markers of inflammation — the C-reactive pro-
tein (SRP), pro-calcitonin. The largest growth of lev-
el of pro-inflammatory mediators in blood flow (“cy-
tokine storm”) is characteristic of sepsis and the sep-
tic shock which are followed by the dysfunction of
one or several organs — multiple organ failure
(MOF). The second phase of septic process is con-
nected with the formation of the anti-inflammatory
response [6—8].

Therefore the prospects of sepsis treatment in
the initial phase usually are associated with active
anti-inflammatory and antibacterial therapy. It is
significant that the early prescription of antibacterial
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ITo3TOMY TIepCIEKTUBBI JIEUEHUs CEIICHCa B Ha-
yasbHOU (Da3e 0OBIYHO aCCOLUUPYIOTCA C IIPOBEiE-
HHUEM aKTHUBHOHN NMPOTHBOBOCHAJIUTEILHON U aHTHU-
OakTepuaJbHOU Tepanuu. [lokasaresbHO, YTO paH-
Hee Ha3HAaYeHUE AHTHOAKTEPHAIBHBIX IIPENapaToB
U METOABI MAaTOTeHETHUEeCKOU TepPaITiy, IIPAKTUKYe-
MbI€e B TIOCJIE/THEE BPEMSI, IPUBEJIU K CMEIIEHHIO 10-
KazareJs JIETAJIBHOCTU B (a3y UMEHHO HUMMYHOCY-
npeccun: 6osiee 70 % HETaTUBHBIX HCXOJIOB PEru-
CTPUPYIOTCS IOCJIE 3-TO JTHs O0sie3Hu [9].

VIMEeHHO IMMYHOCYIIPECCHS ¥ Pa3BUBAIOIIUNCS
IpU 3TOM «HUMMYHHBIA Tapajuy» CTAHOBATCS
OCHOBHBIMH MPUYHUHAMU JIETAIBHOCTH B 3Ty (hasy
cericuca [10]. Takum 00pa3oM, ecIu paHee CEICHC
CUHUTAJICS CUHPOMOM HEKOHTPOJIMPYEMOTO BOCHA-
JIEHUs], TO celiuac MHOTHE aBTOPhI UMEHHO C UMMY-
HOCYIIPDECCHEHN CBA3BIBAIOT U TAXKECTh TEUEHHUs, U
Pe3UCTEHTHOCTH K Tepanuu [11—-17].

VIMeHHO JJaHHbIE HAPYIIEHUS UMMYHUTETA SB-
JIIFOTCA TJIABHOW MPUYUHOU MO3/IHEHN JIETAJIHHOCTU
ipu cericuce [18]. FiMeeTcst JOBOJIBHO OOIITHUPHAS JTO-
KazareJbHasl SKCIEPUMEHTAIbHAS U KINHUYECKas
6a3a, CBH/IETEIHCTBYIOIIAA O POJIM WMMYHHOH Cy-
Mpeccuu TakKe B reHese jyuTesabHoi IIOH [19—22].

Cericuc-vH/IyI[IPDOBaHHbBIE PACCTPONCTBA BPOK-
JIEHHOTO U IPHOOpPETEHHOr0 UMMYHUTETA Hapyla-
IOT KJIUPEHC TAaTOTEHOB U CIOCOOCTBYIOT Pa3BUTHIO
BTOpUYHOU mHbeKnnu. O6 5TOM TOBOPAT pe3ysIbTa-
TBI AYyTOIICUU U QYHKI[MOHAIbHBIE /Ie(DEeKTH UMMYH-
HBIX 3G (PEKTOPHBIX KJIETOK Y MAIIUEHTOB, YMEPIIIX
ot cercuca [23].

Bakuelelr 4epToi cerncuc-uHIyIIIPOBAHHON
MMMYHOCYTIDECCUU SIBJISIETCSI TOTEps] WMMYHHBIX
KJIETOK BCJIEACTBHUE aronTo3a, Bkirouas CD4 u CD8
T, B u bosuMKYIApHBIE JIEHAPUTHBIE KIeTKU. Kiu-
HUYECKHE UCCIeI0BAHUS ITOKA3bIBAIOT, UTO YPOBEHD
[UPKYJIUPYIOIIHX JUM(OIUTOB IT/JA€T C CAMOTO Ha-
yajia Pa3BUTHA CEICHCa M OCTAETCS CHIKEHHBIM B
TeueHHne MoCIeymux 28 ¢yt [6, 24—29].

IpuunHamu JTUMGbOTIEHUH SIBJISIOTCS B TIEPBYIO
ouepe/ib MaccoBas rubesb TUMQOIUTOB BCIJIEICTBYE
aKTUBAIINMU aroITO3a U IPOTHBOBOCIATHUTETHHBII
OTBET.

Anonmos. MHayknus anomnTtosa JUMQGOIUTOB
MOJXKET OCYIIECTBIIATHCSA JINOO IyTEM 3KCIPECCHH
Fas- u ®HO-pernenTopoB miazMaTudeckod Mmemopa-
HBI («BHEIIHUH IIyTh» ), TU00 6J1arofapsi CHIZKEHUIO
MeMOPaHHOTO IOTEHIIMAIa MHUTOXOHJIPUU («BHY-
TPEHHUH IyTh») [30]. BaskHy!0 POJIb B 3TOM ITpoIiecce
WTpaloT Kacnassl (pepMeHTHAsA cucTeMa, OTHOCHIIA-
sICSL K I[UCTEMHOBBIM NPOTENHA3aM). BHEITHUN IyTh
arorTo3a OIMOCPEI0BaH KACHa3oi-8, Tor/ja Kak BHY-
TPpEHHUH — Kacrmason-9. B 3aBepinaromieil craguu
KJIIOUEBYIO POJIb UTPAET yKe Kacrasza-3, B aKTUBAIIIH

drugs and the methods of pathogenetic therapy,
practiced currently, led to lethality rate shift in the
immunosuppression phase: more than 70% of nega-
tive outcomes are registered after the 3™ day of a di-
sease [9].

It is immunosuppression and the resulting im-
mune paralysis that become the main causes of le-
thality in this phase of sepsis [10]. Thus, if previously
sepsis was considered a syndrome of uncontrolled
inflammation, nowadays many authors associate
both severity of the course, and resistance to therapy
with immunosuppression [11—-17].

These disturbances of immunity are the main
reason of late lethality in sepsis [18]. There is quite
extensive evidential experimental and clinical base
testifying to the role of immune suppression and also
in genesis of long-term MOF [19—22].

The sepsis-induced disorders of innate and ac-
quired immunity interfere with the clearance of
pathogens and contribute to the development of sec-
ondary infection. This is evidenced by the results of
autopsy and functional defects of immune effector
cells in patients who died of sepsis [23].

The most important feature of sepsis-induced
immunosuppression is loss of immune cells owing to
apoptosis, including CD4 and CD8 T, B and follicular
dendritic cells. Clinical studies show that the level of
the circulating lymphocytes falls from the onset of
sepsis and remains reduced during the subsequent
28 days [6, 24—29].

The causes of lymphopenia are primarily mass
death of lymphocytes owing to activation of apopto-
sis and anti-inflammatory response.

Apoptosis. The induction of apoptosis of lym-
phocytes can be carried out either by an expression
of Fas- and TNF-receptors of plasma membrane (ex-
ternal way), or thanks to decrease in membrane po-
tential of mitochondria (internal way) [30]. An im-
portant role in this process is played by caspase (the
enzyme system relating to cysteine proteinases). The
external way of apoptosis is mediated by caspase-8,
whereas internal — by caspase-9. These two enzymes
participate in activation of caspase-3 which plays a
key role during the critical stage [31]. Laboratory
markers of immunocompetent cells apoptosis are:
increased expression of proteins CDg5 (Fas-recep-
tor) and CD120 (tumor necrosis factor receptor) on
plasma membranes, a decrease in membrane poten-
tial of mitochondria, an increase in activity of cas-
pases. The main component of a cell interfering
apoptosis is Bel-2 mitochondrial protein whose ex-
pression is usually associated with anti-apoptotic
activity [32].
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KOTOPOH YJaCTBYIOT /[Ba BBIIIEHA3BAHHBIX (hepMeHTA
[31]. JTabopaTopHBIME MapKepaMH amoITO3a UMMYy-
HOKOMIIETEHTHBIX KJIETOK SIBJISIIOTCS: BBIpAXKEHHAS
skcrpeccus 6ekoB CD95 (Fas-perntenrtop) u CD120
(peueniTop K akTOpy HEKPO3a OITyXO0JIN) HA IIa3Ma-
TUYECKUX MeMOpaHax, CHIKeHe MeMOPaHHOTO II0-
TEHINAJIa MUTOXOH/APUH, IOBBIIIEHNE AKTUBHOCTHU
kacra3. OCHOBHBIM KOMIIOHEHTOM KJIETKHU, IIPEIAT-
CTBYIOIIIMM aTIOIITO3Y, IBJISIETCS MUTOXOH/IPUATTEHBII
6estok Bcl-2, sxcnpeccrst KOTOPOro 0OBIYHO aCCOITUHU-
pyeTcsi ¢ aHTH-aIIONTOTUYECKOH aKTUBHOCTBIO [32].

AKTHBAIUSA aIONTO3a IPU CETICHCE OCYIIECTBIIA-
eTcst 000UMU IMyTsAMU, IPU 3TOM Pa3pyIIEHUIO MOJ-
BEPraroTcs MPeNMYyIECTBEHHO JIUMQOIIUTBEI, a TAKXKe
JIEH/IDUTHBIE U SIUTEINAIbHbIE KIeTKu [33]. Pa3Bu-
Tre JUMQOIEHUN OTHOCHUTCS K OJHOMY U3 PaHHUX
IIPOSIBJIEHUH aIloINITO3a IIPY Celcuce, TPUYeM aKTHUBa-
M IPOIECCOB AIIONTO3a JIUM(OITUTOB KPOBU OTMe-
YyaeTcs MPHU CEICHCe y MAIEHTOB PA3JIMYHBIX BO3-
pactHbpix rpynn [34]. Kierkamu, ob6sanaromuMu
YCTOMYMBOCTBIO K aIloOITO3y, ABJAIOTCA T-perysis-
TopHbIe TuM@onuThl (Treg). YpoBeHb UX IIPU CETICHCe
3HAUMMO YBeJINYNBAETCS KaK B KPOBH, TaK U B TKAHAX
[35, 36]. IloBbimenne ypoBHs Treg COMPOBOKIAETCS
CYIIPECCHBHBIM BJIMSTHUEM KaK Ha BPOXKJIEHHBIH, TaKk
1 Ha aJIalITUBHBIM UMMYHUTET, UTO, B YACTHOCTH, ITPO-
ABJIsETCA TOAaBIeHneM IIposindepaTUBHON U (PyHK-
[IMOHAJIBHOU aKTUBHOCTH 3(PDeKTOpHBIX T-KIIETOK.

ATOIITO3 KJIETOK HMMYHHOM CHCTEMBI pPeru-
CTpUpYeTCcs He TOJIBKO B KPOBU, HO M B PA3TUYHBIX
JMMQOOUHBIX OpraHax — ceJjie3€Hke, Jumdarnye-
CKUX y3J1aX, THMYCe, a TaK’Ke B aCCOITUMPOBAHHOH ¢
KUIIIEYHUKOM JIUMMOUHON TKaHu. CHIDKeHUEe KO-
JinyecTBa JIMMQOIUTOB B CTEHKE KUIIEYHUKA CIIO-
coOCTBYyeT TPAHCIOKANMHU OaKTEPUU B CUCTEMHBIHN
KPOBOTOK U YBEJINUEHHUIO BEPOSTHOCTH DPa3BUTHUSI
BTOPUYHBIX WH(MEKIUN [37], Ipu 3TOM BBIpasKeH-
HOCTb aroNTo3a JUM(POUUTOB IPAMO KOPPeJIUpyeT ¢
TSXKECTHIO CENITUYECKOTO IIPOIIECCa U CTETIEHBIO UM-
MyHOCcympeccuu [38].

IIpomueogocnaaumensvuuiii omgem. ITO CO-
crosiaue (CARS (compensatory anti-inflammatory
response syndrome) o R. Bone (1996)) xapakrepu-
3yeTcs SKCIpeccuell MPOTUBOBOCIANUTENIBHBIX ITU-
TOKHUHOB (B mepByto ouepens IL-10 u IL-6) u penern-
TOPHBIX AHTATOHUCTOB ITPOBOCHATIUTEIBHBIX ITUTO-
KHHOB B 0oJiee O3/THUE CPOKU C MOMEHTAa WHUIINA-
IUu OTBeTa. [IPOTHBOBOCIATUTENHHBIN OTBET IPHU
Cencrice BO3HUKAET MIPAKTHYECKU OJTHOBPEMEHHO C
Ppa3BUTHEM CHUHIPOMA CHCTEMHOTO BOCIIATTUTETHHO-
ro otBeta (SIRS — systemic inflammatory response
syndrome). CARS cran obGbsicHeHueM eeKToB
aZJaliTUBHOTO HMMYHHUTETA, BKJIIOUas HapyIleHHe
QHTUTEH-TIpEe3eHTUpyIomel QyHKIuU, AuchyHK-

Activation of apoptosis in sepsis is carried out in
both ways, when mainly lymphocytes, as well as den-
dritic and epithelial cells are exposed to destruction
[33]. Development of lymphopenia belongs to one of
the early manifestations of apoptosis in sepsis, and
the activation of blood lymphocytes’ apoptosis is ob-
served in sepsis in patients of various age groups
[34]. The cells having resistance to apoptosis are T-
regulatory lymphocytes (Treg). In sepsis their level
increases significantly both in blood, and in tissues
[35, 36]. An increase in Treg level is accompanied by
a suppressive influence on both innate and adaptive
immunity that, in particular, is manifested by sup-
pression of proliferative and functional activity of ef-
fector T-cells.

Apoptosis of the immune system cells is regis-
tered not only in blood, but also in various lymphoid
organs like the spleen, lymph nodes, thymus and
also in the lymphoid tissue associated with intestine.
A decrease in quantity of lymphocytes in intestinal
wall promotes bacterial translocation to systemic
circulation and an increase in the likelihood of sec-
ondary infections [37], while the intensity of lym-
phocytes apoptosis directly correlates with severity
of septic process and the degree of immunosuppres-
sion [38].

Anti-inflammatory response. This state (CARS,
compensatory anti-inflammatory response syn-
drome according to R. Bone (1996)) is characterized
by the expression of anti-inflammatory cytokines
(primarily IL-10 and IL-6) and receptor antagonists
of pro-inflammatory cytokines at a later date after
the initiation of the response. The anti-inflammato-
ry response in sepsis arises almost simultaneously
with development of systemic inflammatory re-
sponse syndrome (SIRS). CARS has become an ex-
planation for defects of adaptive immunity, includ-
ing impaired antigen presenting function, macro-
phage dysfunction, impaired T-cell proliferation,
activation of apoptosis of lymphocytes and dendritic
cells [39].

There are numerous data on the relationship be-
tween the level of IL-6, IL-10 in blood and the risk of
infection in postoperative period, that is associated
with formation of the anti-inflammatory response in
the late postoperative period due to the high IL-10
level. IL-10 dose-dependently disrupted the response
of T-lymphocytes to various mitogens, downregulat-
ed the secretion of IL-2 and IFN-y. Moreover, a de-
crease in functionality of T-lymphocytes was com-
bined with an increase in CD4+, CD25+ Tregs as is
observed in sepsis [40].
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nuo Makpodaros, HapyllleHue IIpoliecca mpoaude-
panuu T-KJIeTOK, aKTUBAIUIO allonTo3a JIMMQOIH-
TOB U JICHAPUTHBIX KJIETOK [39].

lMeroTcss MHOTOYHCJIEHHBIE JJAHHBIE O CBA3U
Mexzy copeprkanueM IL-6, IL-10 B KpoBU U pUCKOM
pasBuTUA UHQPEKIIUH B IOCJIE0NIEPAITHOHHOM IIePHU-
0/ie, UTO CBA3AHO ¢ (POPMUPOBAHHIEM ITPOTUBOBOCIIA-
JINTEJIPHOTO OTBeTa B IO3AHUN IIOCIIEOTEepPAIOH-
HBIHM IIepuoy] 3a cyeT BBICOKOro ypoBHA IL-10. IL-10
J103a3aBUCUMO Hapymiana orBeT T-ruMdonuroB Ha
pasJyinyHble MUTOTEHBI, YMeHbIaJI cekpernio I1L-2 u
N®H-y. Bosee Toro, cHmkeHNEe QYHKITMOHATBHOCTH
T-nmumdonuToB couerasnach ¢ yBeandeHuem CD4+,
CD25+ Treg, kak 9T0 1 HaOJII0/aeTcs IPH CeIICHCe
[40].

OfHUM U3 Pe3yIbTATOB SKCTPEMAIBHOTO MUe-
JIOII0334 ABJISIETCA NMOsABJIEHNe MUEJIOU/THBIX CyIIpec-
COPHBIX KJIETOK B KOCTHOM MO3Te, BO BTOPHUYHBIX
JUM@OUTHBIX OpraHax W B OpraHax pPETHUKYJIO-
SHJIOTETUIBHON cucTeMbl [41]. MuenoumHble cy-
npeccopHbie kiieTku (MDSC) — rereporeHHast momy-
JIIOUS KJIETOK, KOTOPBIE CIIOCOOHBI K ITOABJIEHUIO
orBera T-KieTok 3a cuer npoayknuu IL-10, TNF-q,
iNOS, aprunassl 1 aKTUBHBIX GOPM KHcIopoza [42].
AKTHBHOCTh HOJOOHBIX KJIETOK HAIPAMYIO KOppe-
JIMPYeT C UMMYHHOMU cyTnipeccuei [15, 43, 44].

Kpome Toro, 610 TOKa3aHO HA OTHOCHUTEJIEHO
HeOOJIBIIION KOTOPTE MAlEHTOB, UYTO ITEPCUCTHPYIO-
mas ITIOH, onpesesnsiemas 1o COXpaHeHUIO IIoKa3aTe-
ss1 SOFA 6osee 5 6a/U10B, XapaKTepU3yeTcsl yBeIude-
HHEM cofiep:kaHus Ki1eTok ¢ penoruriom HLA-DR-/
CD11f+/CD14+/CD33+ 1 yBeJIuueHUEM KOHIIEHTpa-
MU TPOTUBOBOCIIAJIUTEHHOTO IUTOKUHA [L.-10, UTO
aCCONMUPYETCs ¢ UMMYHHOH CyIIpeccued y manueH-
TOB [45]. IIpu Bocnasienuu Bei6poc MDSC u anaso-
T'OB PE3KO BO3PACTAeT B CIILY JIeHCTBUSA TAaKUX CIIeI-
¢uuecKkux MOJEKYISAPHBIX CTPYKTYp, kKak DAMP
(danger-associated molecular patterns) u PAMP
(pathogen-associated molecular patterns) ¢ skcrpe-
MaJIbHOU peopraHU3aIiuel MUesonossa [46, 47].

Cpenn MMMYHHBIX KJIETOK, OTBETCTBEHHBIX 32
pas3BUTHE cericuca, Makpodaru ¥ rpaHyJIOIUThI U3yde-
HbI HanbOoJIee ITOJTHO, TOTA KaK Posth T-1uMdOIuToB B
nesioM u cyonomysanui T- u B-ymmdonuros B yact-
HOCTH OIIFICAaHA 3HAYNTEIbHO MeHbIIIe. B skcriepumeH-
T€ B TKAHAX CEJIE3EHKU 1 KPOBU OTMEUYEHO 3HAUUTETh-
HOE CHIDKeHUE 00IIero copeprkanus T-KJIETOK, XOTs
OTHOCHUTENIbHOE M abcosmioTHoe cozepskanue CD4+,
CD25+ Treg, Kak MpaBUJIO, TIOBBIIIAETCS B KPOBU U
6ostbiHCTBE OpraHoB. Eciu B cene3énke u CD4+, u
CD8+ mocToBepHO CHUKEHBI (45 1 36 % COOTBETCTBEH-
HO) uepe3 20 9 IOCJIe MOJIETPOBAHMS CETICHCa, TO OT-
HoOcHuTeJIbHOe Yncio Treg 6bUT0 yBeIMYeHo B 1.6 pasa.
MozkHO cziesiaTh BBIBOJI, UTO Treg 60siee yCTOMYUBEI K

One of results of the emergency myelopoiesis is
the appearance of myeloid suppressor cells in bone
marrow, in secondary lymphoid organs and in or-
gans of mononuclear phagocyte system [41]. My-
eloid-derived suppressor cells (MDSC) are hetero-
geneous population of cells which are capable of
suppressing T-cells response through the produc-
tion of IL-10, TNF-qa, iNOS, arginase and reactive
oxygen intermediates [42]. The activity of similar
cells directly correlates with immune suppression
[15, 43, 44].

Besides, it was shown on rather small cohort of
patients that the persistent MOF defined by the
maintenance of the SOFA score above 5 points is
characterized by an increase in content of cells with
HLA-DR- / CD11p+/CD14+/CD33+ phenotype and
an increase in concentration of the anti-inflammato-
ry cytokine IL-10, which is associated with immune
suppression in patients [45]. In inflammation the re-
lease of MDSC and the analogs sharply increases ow-
ing to the action of such specific molecular structures
as DAMP (danger-associated molecular patterns)
and PAMP (pathogen-associated molecular pat-
terns) the with the extreme reorganization of myelo-
poiesis [46, 47].

Among the immune cells responsible for the
development of sepsis, macrophages and granulo-
cytes are most fully studied, while the role of T-lym-
phocytes in general and both subpopulations of T-
and B-lymphocytes in particular is much less de-
scribed. In the experiment in spleen tissues and
blood the considerable decrease in the total count of
T-cells is noted, though as a rule, the relative and
absolute content of CD4+, CD25+ Tregs, increases
in blood and most body organs. If both CD4+ and
CD8+ were significantly reduced in the spleen
(45 and 36% respectively) 20 h after sepsis model-
ing, then the relative count of Tregs was increased
by 1.6 times. It is possible to draw a conclusion that
Tregs are more resistant to lymphocyte-toxic fac-
tors of sepsis [48]. The role of Tregs in the outcome
of sepsis has not been definitively clarified, howev-
er, there are data proving that an increase in rela-
tive and absolute Treg count in blood increases risk
of lethality [49, 50].

Specifically, in septic shock the concentration of
IL-6 and IL-1 in blood serum, as well as the Treg per-
centage in CD4+ T-lymphocyte population was reli-
ably higher than in patients without septic shock.
Hemoperfusion using B polymyxin sorbent signifi-
cantly reduced both the Treg number and the IL-10
concentration. Moreover, 24 h after sorption it was
in surviving patients that significantly lower Treg
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JM@OIUT-TOKCHYecKnM  (pakTopam cercuca [48].
Poies Treg B uicxozie cencrica OKOHYATEIbHO He YyTOUHe-
HA, OJTHAKO €CTb JIAHHBbIE O TOM, UTO YBEJIMUEHHUE OT-
HOCHUTEJIBHOTO M a0COJIIOTHOTO COZEPKAHUA B KPOBHU
Treg MOBBIIIAET PUCK JIETATTBHOCTH [49, 50].

B yacTHOCTH, IPU CENTUYECKOM IIOKE KOHIIEH-
Tpanuda IL-6 u IL-1 B CBIBOPOTKE KPOBH, a TaKxkKe
nponeHT Treg B nmonynanuu CD4+ T-mumdoruros
OBLIa TOCTOBEPHO BBIIIIE IO CPABHEHUIO C ITAITUEHTA-
Mu 0e3 cenTHUecKoro moka. ['emonepdysus ¢ uc-
[I0JIb30BaHUEM COpOeHTa MOJIMMHUKCHHA B mocro-
BEPHO CHIDKJIA U 4Yuciao Treg, W KOHIIEHTPAIIUIO
IL-10. Bosee Toro, uepes 24 vaca mocjie copoIuu
UMEHHO Yy BBDKHUBIINX IAIMEHTOB OTMEYAJIUCh JI0-
CTOBEepHO Oosiee HU3KHe 3HaUeHUs Treg, a TaKkKe
IL-6 u IL-10 110 cpaBHEHHUIO ¢ yMepIIUMH [51].

OueBUAHO, YTO, KpPOME IIPOTHBOBOCIATIUTETD-
HOTO OTBETA U aloNnTo3a JIUMQPOIUTOB, K UMMYHOCY-
IIpeCCHH BEYT TAKXKe MUEJIOCYIIPECCHs, KUIeUHAas
v/unu obIas HyTPUTHBHASA HEJOCTATOYHOCTD. JIro-
0as 13 repevyncIeHHbIX BBIIIE IIPUYMH caMa 1o cebe
criocoOHA BBI3BATh MMMYHOCYIIPDECCHUIO B IIEJIOM U
suMOIIeHHIO B yacTHOCTU. OZTHAKO B KIIMHUYECKOH
IIPAKTUKe IOYTH BCEr/la UMEET MECTO COBMECTHOE
JleHiCTBYE TIEPEUHCIIEHHBIX (DAKTOPOB.

2. JIum@poneHua KaK TOYHbBIH TUATHOCTH-
YeCKHI KpUTEepHUii

O4eBUHO, UTO PAHHSASL JUATHOCTUKA SBJIAETCS
KJTIOYEeBBIM (DAKTOPOM B JIOCTHKEHUU ITOJIOKUTEIb-
HOTO pe3ysIbTaTa TEPAIUU CEIICHCca, U UMEHHO KPU-
Tepun CeIrcuc-2 MPOU3BEIN PEBOJIIOIUIO B pAaHHEH
JIMarHOCTHKe celicuca. HanmpoTus, Npu3HaKuU OpraH-
HOHU AUCHYHKIIUY HUKAK HEJIb3s OTHECTH K KpUTe-
pusAM paHHEU IUATHOCTHKH, YTO U JIeJIaeT KOHIeI-
nuio Cerncuc-3 fjaxke 6osiee ysI3BUMOMH /1Is1 KDUTHKH.
Bmecre ¢ TeM psiJT aBTOPOB MOJIATAIOT, YTO KOMOUHA-
OUH HU3BECTHHIX OMOMAapKEPOB OTKPBIBAIOT HOBBIE
BO3MOKHOCTH JIJI1 paHHEH JHArHOCTHKU CeIlCcHca.
Hanpuwmep, B uccienoBanuu L. Ljungstrom et al.
[52] aBTOpPBI KUCIIOIB30BAIM KPUTEPHUHU JTHATHOCTH-
KU, nNpuHATHle B KoHIenuuax Cemcuc-2 u Cen-
cuc-3, — npokanenuTonun (IIKT), CPB, makrar, a
TaK)Ke OTHOIIEHWE HEUTPOPWIOB K JIUMQOIUTAM
(neutrophil-lymphocyte count ratio (NLCR)). B
YaCTHOCTH, YPOBEHb OHOMAapKeEPOB, COOTBETCTBYIO-
X KpuTepusM Koumennuu Cemcuc-2, HCCIeno-
BaJICS B TPYIINle MAI[HEHTOB ¢ BepUUITMPOBAHHOHN
bOakTepreMuell U CpaBHUBAJICS C TPYIIION MaIueH-
TOB B KPUTHYECKOM COCTOSIHUM, HO 6e3 BepuduIu-
poBaHHOI1 6akrepuemuu. IIo BceM ueThIpeM OUO-
MapkepaM ObLTH OTMEYEHBI JIOCTOBEPHBIE Pa3TUYUS
(p < 0.001). Jyisi IHArHOCTUKH OaKTEPHAJIBHOTO
cerncuca NLCR nposeMOHCTpUPOBas HanboJiee BbI-
coxuit AUC (mnomanas mox ROC-kpuBoit) (0.68; 95%

values, as well as IL-6 and IL-10 were observed in
comparison with the deceased [51].

It is obvious that in addition to the anti-inflam-
matory response and the apoptosis of lymphocytes,
the myelosuppression, intestinal and/or common
nutritional deficiency also lead to immunosuppres-
sion. Any of the above reasons can in itself cause im-
munosuppression in general and lymphopenia in
particular. However, in clinical practice, the com-
bined action of these factors almost always takes
place.

2. Lymphopenia as the exact diagnostic
criterion

It is apparent that early diagnosis is a key factor
in achievement of positive therapeutic results in sep-
sis, and it was the Sepsis-2 criteria that made a revo-
lution in early detection of sepsis. On the contrary,
symptoms of organ dysfunction can in no way be at-
tributed to the criteria of early diagnosis, which
makes the Sepsis-3 concept even more vulnerable for
criticism. At the same time, a number of authors be-
lieve that combinations of the known biomarkers
open new opportunities for early diagnosis of sepsis.
For example, in a study by L. Ljungstrom et al. [52]
used the diagnostic criteria adopted in the concepts
of Sepsis-2 and Sepsis-3 — procalcitonin (PCT),
CRP, lactate and also the neutrophil-lymphocyte
count ratio (NLCR). In particular, the level of the
biomarkers that meet the criteria of the Sepsis-2
concept was studied in the group of patients with
verified bacteremia and compared with a group of
patients in critical condition, but without verified
bacteremia. Significant differences were noted for all
four biomarkers (p < 0.001). For diagnosis of bacte-
rial sepsis NLCR showed the highest AUC (the area
under a ROC-curved line) (0.68; 95% confidence in-
terval (CI) 0.65-0.71), much higher than PCT
(p = 0.019; AUC 0.64; CI 95% 0.61-0.67), CRP
(p < 0.001; AUC 0.57; CI1 95% 0.54—0.60) and blood
lactate (p < 0.001; AUC 0.57; CI 95% 0.54—0.60).
Moreover, NLCR equal 3.0 showed the highest sen-
sitivity (0.96) as a diagnostic criterion of sepsis.
Thus, authors emphasize the neutrophil-lymphocyte
count ratio is the most sensitive marker for early di-
agnosis of sepsis.

For the first time the neutrophil-lymphocyte
count ratio was offered by R. Zahorec [53] as an al-
ternative to the standard criteria of sepsis according
to R. Bone. Studies of this period showed that no
SIRS biomarker can meet all requirements, where-
as the combination of biomarkers can accelerate di-
agnostics and be used for assessment of treatment
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JIOBepUTeTbHBIN nHTEepBa (JIN) 0.65—0.71), 3HaUu-
TesibHO BhIIIe, ueM [IKT (p = 0.019; AUC 0.64; 95%
TN 0.61—0.67), CPB (p < 0.001; AUC 0.57; 95% I
0.54—0.60) u jaktat kpoBu (p < 0.001; AUC 0.57;
95% JI1 0.54—0.60). Bosee Toro, NLCR, paBHBIH
3.0, TIOKa3aJI HAUBBICIIYI0 YyBCTBUTEIBHOCTD (0.96)
KaK JIMarHOCTUYECKUU KPUTEPUH cercruca. Takum
00pa3oM, aBTOPHI MOJAUYEPKUBAIOT, UTO UMEHHO OT-
HOIlleHHEe HEUTPODUIOB K JIUM@POIUTAM SBJIAETCA
HanboJiee YYBCTBUTETbHBIM MapKepPOM JIJIsT paHHEH
JUATHOCTUKH CEIICHCA.

BriepBbie cooTHOIIEHHE HEUTPODUIIbI/TUMPO-
nuThl 6bLT0 TIpezyIokeHo R. Zahorec [53] kak aib-
TepHATHBa OOIIENPUHATHIM KPUTEPHUSAM CEIICUCA 10
R. Bone. HMcerienoBanusa 3Toro nepuoja mokasai,
4yTo HU oiuH 6uomapkep SIRS He MOKeT y/TOBJIETBO-
puTh BceM TpeOOBAaHUAM, TOT/IA KaK KOMOWHAIUS
OHMOMAapKepPOB MOKET U YCKOPUTh JHUATHOCTHUKY,
KCIIOJIb30BAaThCA VIS OIEHKH KauyecTBa JIEYEHUs,
YTO B KOHEUHOM UTOTE U IIPUBEJIET K IIPOTPECCY B Te-
panuu cemncuca [53]. B uccienoBanuu R. Zahorec
[53] 6pL10 TOKA3aHO, UTO TSAXKECTh TEUEHMs CEICHca
M CEIITUYECKOro IOoKa, orneHuBaeMas 1mo SOFA u
APACHE II, onpejienisisiach BbIpa:KeHHBIMU JIUMPO-
TeHUEed U HEUTPOPUITHEH, UTO U TTOCITYKUIIO CTUMY-
JioM K co3manuio NLCR kak HOBOro KOMIIO3UTHOTO
MapKepa 0aKTEpUEMUU U CETICHUCA.

B mociteytoniiem NLCR 6bLT OIHcaH Tak:Ke Kak
MIPeIUKTOP OAKTepUeMUN; HAITPOTUB, HU3KHeE (<3.0)
3HAYEHHST MOTYT OBITh UCIIOJIb30BAHBI JIJIsI HCKITIOUE-
HUs OGakrepueMuu. Bosiee Toro, WHGOPMATHBHOCTH
NLCR B imarHOCTHKE OaKTEpUEMUH JJOCTOBEPHO IIpe-
Bocxoawia CPB (p = 0.029), nefikoruTo3 (p < 0.01) U
coZiepKaHKe TPaHyJIoIUTOB (p < 0.01) [54—-57].

NLCR oxasasncsa abdeKkTuBeH gaxe y rIyboKo
HEJIOHOIIIEHHBIX JleTel (Macca Tejia pU POXKAEHUHN
< 1500 T u/unu < 32 HeJ recranuu). YyBCTBUTEIb-
HOCTh 3TOTO IIOKAa3aTeJsisi COCTaBWJIA 0.73, a CIEelu-
¢puuHOCTH 0.78, YTO JIOCTOBEPHO IMPEBBICHJIO JTHA-
rHOCTHYECKyto 3HaunMocTh CPB [58].

OtmeueHa koppensanua Mmexzay NLCR u mopo-
JIOJDKUTEJIbHOCThIO TpebbiBanust B OPUT [58].
B apyrom mccieoBaHUM € y4acTUEM 150 MAIUEHTOB
C CENTHYECKUM IIIOKOM OBLIO IMMOKa3aHO, UYTO YBEJIH-
yeHue NLCR B mepBble 5 CyT CONPOBOXKIAJIOCH PO-
CTOM IO3/THEH JIETATbHOCTH TIPH cercuce [59].

BrIcokasi guarHocTuyeckas IEHHOCTb OTHOIIIE-
HUS HeUTpomIoB K suMdonuram ObUIa TOKa3aHA
Tax)ke B uccaeoBannu B.A. BaseeBoii u coasrt. [60].
OmnpeniesieHNe JUArHOCTUYECKHX MapKepPOB Celcuca
corstacHo KoHnennusam Cericuc-2 u Cencuc-3, a Tak-
ske IL-1Ra, ®HO-a u IL-13 mpoBoauau Ha 1-€, 3-U U
7-e cyTku nocJie nocryivieHusa B OPUT B3pocsipix na-
nueHToB. [loyyeHHbIe Pe3yIbTaThl CBUJIETEIBCTBY-
IOT O HEBBICOKOH JUATHOCTHYECKON IIEHHOCTH TAKOIO

quality, that eventually will lead to progress in sep-
sis therapy [53]. In R. Zahorec’s research [53] it was
shown that the severity of sepsis and septic shock
assessed by SOFA and APACHE II was defined by
the pronounced lymphopenia and neutrophilia,
which served as an incentive to the creation of
NLCR as a new composite marker of bacteremia
and sepsis.

Subsequently the NLCR was also described as a
bacteremia predictor; on the contrary, low (<3.0)
values can be used to exclude bacteremia. More-
over, the informative value of NLCR in diagnosis of
bacteremia reliably exceeded CRP (p = 0.029), leu-
kocytosis (p < 0.01) and granulocyte count (p < 0.01)
[54-571.

NLCR was effective even in extremely prema-
ture infants (body weight at birth < 1500 g and/or
< 32 weeks of gestation). The sensitivity of this in-
dicator was 0.73, and specificity was 0.78, that sig-
nificantly exceeded the diagnostic importance of
CRP [58].

The correlation between NLCR and the length of
ICU stay [58] was noted. In another study involving
150 patients with septic shock it was shown that in-
crease in NLCR in the first 5 days was accompanied
by an increase in late sepsis lethality [59].

The high diagnostic value of the neutrophil-lym-
phocyte count ratio was shown also in V.A. Valeeva’s
et al. study [60]. The evaluation of diagnostic mark-
ers of sepsis according to the Sepsis-2 and Sepsis-3
concepts, as well as IL-1Ra, TNF-a and IL-1f3 were
carried out on the 1%, 3" and 7" days after admission
of adult patients to ICU. The results obtained testify
to the low diagnostic value of such indicator as leu-
kocytosis (appearance of myelogones). The diagnos-
tic value of an acute phase proteins pro-calcitonin
and CRP on admission to the hospital was 64 and
82% respectively. Evaluation of TNF-a and IL-1f3
was efficient only on the first day, however, by the 3t
day their diagnostic value considerably decreased.
High concentration of IL1-Ra (1000—6000 pg/ml) in
general can be regarded only as a predictor of a lethal
outcome. The neutrophil-lymphocyte count ratio
has reliably changed on the 1%t day and was the only
marker with close to the absolute efficiency in the
diagnosis of sepsis, and remained the high-informa-
tive diagnostic criterion of it throughout the entire
period of observation. The lymphocytes and granu-
locytes relative count ratio in peripheral blood was
the most reliable criterion of sepsis irrespective of
severity, terms and existence of hemodynamic dis-
turbances. For lymphocyte index value of 0.17 the
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IMOKa3aTesIsl, KaK JIEHKOIUTO3 (IIOsBJIEHE HE3PETBIX
¢dopm sefikonuTOB). JlMarHOCTHYECKash IIEHHOCTh
6es1koB octpoii (asbl npokanbsiuronnHa u CPB npu
MIOCTYIJIEHUU B CTallMOHAp cocTaBuia 64 u 82 % co-
otBeTctBeHHO. Onenka ®HO-a u IL-1p oxazanach
5(pdeKTUBHON TOJIBKO HA MEPBBIE CYTKH, OJHAKO K
3-M CYTKaM WX JUATHOCTUYECKAas IEHHOCTb 3HAYU-
TEeJIbHO CHMKaslach. Beicokaa koHneHTpanusa 1L1-Ra
(1000—6000 1r/MIT) BOOOIIE MOKET PACIIEHUBATHCS
TOJIPKO KaK MPETUKTOP JIETAJILHOTO UcXoza. EmuH-
CTBEHHBIM MapKepoM, UMEIIHUM OJIU3KyI0 K abco-
JIIOTHOH 3(GQEKTUBHOCTh B JHATHOCTUKE CEIICHCA,
0Ka3aJI0Ch COOTHOIIIEHUE JTUMQOITUTOB K HEUTPpODH-
JIOB, KOTOPOE OBLIO JOCTOBEPHO M3MEHEHO B 1-€ CYT-
KH U OCTaBaJIOCh BBHICOKOMH(OPMATUBHBIM JUArHO-
CTHUECKUM KPUTEPHUEM CeIlCcHca Ha POTSKEHUH BCe-
ro mepuosia HabioaeHus. COOTHOIIEHHE OTHOCH-
TEJILHOTO COJIeP:KaHUsA JTUMQOIIUTOB U TPAHYJIOIIU-
TOB B IIepU(EPUIECKON KPOBH OKa3aJI0Ch HanboJiee
JIOCTOBEPHBIM KDUTEPHEM CeICHca He3aBUCHMO OT
TSKECTH, CPOKOB M HAINY NS TeMOIMHAMUYECKUX Ha-
pyuienuii. /{ig 3HaueHUH TUM@OIUTaPHOTO HHAEKCA
0.17 YyBCTBUTEIHHOCTH STOTO MapKepa B INarHOCTH-
Ke CeIcuca COCTaBWwIA 0.97, a CenudUIHOCTD 0.95.
ABTOpDBI OOBSCHSIIOT 3TO TEM, YTO AKTHUBAITUSI HEUTPO-
(pmpHOTO 3B€HA IPU CUCTEMHOM BOCIIAJIEHUH, OTMe-
yaeMas C IEepPBBIX CEKYHJ] KaK «PeclUpaTOpPHBIN
B3PBIB», MOMJEPKUBAETCS YCUIEHHOU MPOIYKITHEH
HEUTPO(UIOB, KOTOPAs MOXKET yBEJIMYUBATHCS B COT-
HU pa3. HampoTtus, 11 mumM@onuTapHoro 3BeHa Xa-
pakTepHa MaccoBasi THOeJb uepe3 aKTHBAIIUIO MeXa-
HU3MOB amoITo3a Ha ¢GOHe HApYIIeHHUSA BOCIPOU3-
BOJICTBA JIUM(OIIUTOB, YeM U OOBACHAETCA OTHOCH-
TesbHAs (92 % cayuaes) u abcostoTHas (75 % ciiyda-
eB) TuMGOTIeHHS Ha IEPBOM dTarle HaOTIOeHNU.
Bopouewm, suMmbomneHns cama mo cebe TaKiKe
SIBJIAETCS TOYHBIM ¥ PAaHHUM JIHATHOCTHYECKUM
KpHUTepueM celicuca. B psaje ucemenoBanuiil ormeue-
HO, YTO yMepIue CenThUecKue NalueHThl UMeTH
IIOCTOSTHHO CHIDKEHHBIH ypOBeHb momyssiuil T- u
B-kj1eTOK B TeueHUe IepBO HeJETU IOCJIe MOCTa-
HOBKM JparHosa «cemncuc» [61—63]. BoJiee Toro, mo-
JIydeHHbIE PEe3YJIBTAThl CBU/IETEIBCTBYIOT O TOM, UTO
abcosrroTHas JTUMQOIIEHUS Ha 4-U JIeHb 1ocje pas-
BUTHA KPUTHUYECKOTO COCTOSIHUSA ObLIA NPEIUKTO-
poM 28-cyTOUHOI JIeTaaIbHOCTU [64], 1 UMEeHHO ab-
coJToTHAs1 TUMGOTIEHUS SABJISETCS HAWIYYIIINM IIpe-
JIUKTOPOM OaKTEPHUEMUH 10 CPABHEHUIO C OOIIEITpH-
HATBIMU MapKepamu nH@eknuu [65]. B yactHOCTH,
cozieprkaHue JTUMQOIUTOB JIOCTOBEPHO ITPEBOCXO-
JIAJI0 TI0 UH(OPMATUBHOCTH B JUATHOCTUKE OakTe-
pueMuu JileKonuTo3 (p < 0.01) U Cofiep;KaHue Tpa-
HYJIOIUTOB (p < 0.01), OTHAKO HE OTIMYAJIOCh OT
ypoHs CPB (p = 0.055). Takum o6paszom, kak abco-
JIIOTHAs TUMQOIIeHUsA, TAaK U COOTHOIIIEHNe HEHTPO-

sensitivity of this marker in sepsis diagnosis was
0.97, and the specificity — 0.95. Authors explain it
with the fact that the activation of neutrophylic link
in systemic inflammation noted from first seconds
as respiratory burst is supported by an enhanced
production of neutrophils which can increase hun-
dreds of times. On the contrary, the mass death
through activation of apoptosis mechanisms togeth-
er with the impaired reproduction of lymphocytes is
characteristic of lymphocytic component of the im-
mune system, which explains relative (92% of cases)
and absolute (75% of cases) lymphopenia on the first
stage of observation.

However, lymphopenia itself is also an accurate
and early diagnostic criterion of sepsis. In a number
of studies it was noted that the deceased septic pa-
tients had permanently reduced T- and B-cell popu-
lations during the first week after getting diagnosis of
sepsis [61—63]. Moreover, the results obtained show
that the absolute lymphopenia on the 4% day after
development of critical condition was a predictor of
28-day lethality [64], and it is the absolute lympho-
penia that serves the best predictor of bacteremia in
comparison with the standard markers of infection
[65]. In particular, the lymphocytes count reliably
exceeded the informative value of leukocytosis
(p < 0.01) and the granulocytes count (p < 0.01) in
the diagnosis of bacteremia, however, did not differ
from the CRP level (p = 0.055). Thus, both the abso-
lute lymphopenia, and the neutrophil-lymphocyte
count ratio were the most accurate tool in the diag-
nosis of sepsis.

3. Lymphopenia as the object of therapy

Attempts to make emphasis on the elimination
of lymphopenia and immunosuppression in sepsis
therapy were undertaken repeatedly. Unfortunately,
the majority of researches focused on direct immu-
nostimulation. But as a rule, immunostimulation is
accompanied by a reduction in the immunocompe-
tent cells’ lifespan, these methods did not possess
reliable efficacy. Other restriction is that the immu-
nostimulating therapy should only be used during
the immunoparesis phase. Therefore, before raising
the question of immunostimulation, precise criteria
for identification of these patients are necessary [64].
It is obvious that the most reliable clinical criterion is
the persistent lymphopenia, and to single these pa-
tients out is necessary not so much for assessment of
mortality risk, but to define the indications and
methods of lymphocyte-oriented therapy aimed at
elimination of lymphopenia [65].

Basically, nowadays the main safe directions
are therapy of intestinal and/or nutritional defi-
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¢unoB u nmuMOOIUTOB OKazanuch Hambosee TOU-
HBIM HHCTPYMEHTOM B IMAaTHOCTHKE CETICHCA.

3. J/IumponeHnd Kak 00BEKT TEePANTHU

[TonbITKU cAeaTh aKIEHT B TEPAIMU CEIICHCA
HMMEHHO Ha YCTpaHeHU! JUMQPOIEeHNN U UMMYHOCY-
Ipeccuyl MpeAIPUHUMAINCh HeogHOKpaTHO. K co-
JKQJIEHHI0, OOJIBIITMHCTBO MCCIIEZIOBAHUN CBOUIIOCH
K IPSMOU UMMYHOCTUMYJIAIMHU. HO MOCKOIBKY M-
MYHOCTUMYJIAIUSA COIPOBOXK/AAETCHA, KaK IPaBUIIO,
COKpallleHueM CpOKa »KU3HU HUMMYHOKOMIIETEHT-
HBIX KJIETOK, JOCTOBEPHOU 3(P(PEKTUBHOCTHIO 3TH
MeToAbl He obsasanu. [IpyruM orpaHUYeHHEM sIB-
JIsIeTCSL TO, YTO UMMYHOCTUMYJIHPYIOIIAsi Teparus
JIOJ’KHA IPUMEHATHCS TOJIBKO B (ha3y UMMyHOIIape-
3a. [ToaToMy mpek/ie ueM CTaBUTh BOIIPOC 00 UMMy~
HOCTUMYJISIINM, HEOOXOAWUMBI TOYHBIE KPHUTEPUH
UJIeHTU(PUKAINN 3TUX MarueHToB [64]. OueBuHO,
4TO HamboJee JOCTOBEPHBIM KJIMHUYECKUM KpUTe-
pueM fBJIsIeTCS MePCUCTUPYIOMAsa JIUMPONeHus, U
BbIZIeJIeHNE MTAIIHEHTOB C HEH HeOOXO0AUMO He CTOJTb-
KO JJIfl OLIEHKU PHCKA JIETAJIbHOCTHU, CKOJIBKO JJIf
ompesieJIeHnsT MTOKA3aHUN U MeTOIOB JIMMQOIUT-
OPUEHTHPOBAaHHOW Tepaluy, HalpaBJIeHHOW Ha
ycrpaHenue JuMdonenuu [65].

ITo cymiecTBy, OCHOBHBIMU 0€30IIaCHBIMU Ha-
MpaBJIEHUSIMHU B HACTOSAILEE BPeMs SBJISIOTCS Tepa-
IYsl KUIIEYHOU /WK HyTPUTUBHOM HETOCTATOYHO-
CTH, B TOM YHCJIE C TIOMOIIBI0 UMMYHOIIUTAHUS, TOP-
MOJKEHIE aIlonTo3a JUMOIUTOB, IUTOKIHOTEPATIHS
U BOCCTaHOBJIEHHE (PYHKIIUHM KOCTHOTO MO3Ta € IIOMO-
IIBI0 KOJIOHUECTUMYJIUPYIOIHX (akTopoB [66]. He
TEPAIOT CBOIO aKTyaJIbHOCTHh HCCIeTOBaHUA 3¢ dek-
TUBHOCTH THUMO3WHA U €ro aHAJIOTOB IIPU CEIICHCE.
B wacrHocTH, IOC/IEHIE PAGOTHI TOKA3AIH, UTO HC-
mosib30BaHue THMo3uHa-al (Tal) ysrydrnano skenpec-
cuto HLA-DR Ha MOHOITUTax, CHU)KAJIO YacCTOTY I0-
BTOPHBIX HH(MEKIIMH U JIETATBHOCTH IIPH cercuce [67].

Kuweunas u/uau uHympumueHnas Hedocma-
mouHocmyb. KuiieuHnuk, 6yaydu KpaiiHe ys3BUMbBIM
OpraHOM IPHU KPUTUYECKUX COCTOSHUAX B CHILY OCO-
OeHHOCTeH KPOBOCHAOKEHHSI, MOKET CTATh IJIABHBIM
HCTOYHUKOM WHQUIIUPOBAHUSA U/WIN TPAaHCIOKA-
U sHAoToKcHHA [68]. KimnHuueckre HaX0aKu IO/~
TBEPKAEHbI SKCIIEPUMEHTAIBHBIMU pabOTaMHU, KOTO-
Ppble BBIABIJIN HOJIOKUTEIBHYI0 KOPPEJIAIUIO MEeXKIY
CTENEeHbI0 TPAHCJIOKAIIUU SHJ/IOTOKCHMHA 4epe3 KH-
HIEYHYIO CTEHKY U MH(DUIbTpaNyel rpaHyI0UTOB B
TIeYeHN W KOHIIEHTPAIlueH JIEHKOIUTAPHOU MHUEeJIo-
nepokcysiaspl [69]. ITosTomy 3amure KUIIEYHHKA
yaeJIsieTcs B TIOCJIeHUE TO/Ibl UCKIIOUUTETBHO BaK-
HOe 3HaueHHe. Ho KUIIIEUHUK TaKKe SABJISETCSA BaK-
HEUIIUM OPTaHOM B IJIaHe (POPMHUPOBAHUS UMMYyH-
HOTO OTBeTa, Mposudeparuu, co3peBanus U GyHK-
[IMOHUPOBAHUA KaK MOHOITUTOB U JIEH/IPUTHBIX KJIe-
TOK, TaK U PAKTHYECKH BCEX CYOTOMY AN TUMPO-

ciency, including immunonutrition, inhibition of
apoptosis of lymphocytes, cytokine therapy and
restoration of bone marrow functions by using col-
ony-stimulating factors [66]. Researches of effica-
cy of thymosin and its analogs in sepsis do not lose
their relevance. In particular, the latest studies
showed that the use of thymosin-ai (Ta1) im-
proved the HLA-DR expression on monocytes, re-
duced the frequency of reinfections and lethality in
sepsis [67].

Intestinal and/or nutritional deficiency. The
intestine, being an extremely vulnerable organ in
critical conditions owing to the peculiarities of
blood supply, can become the main source of infec-
tion and/or translocation of endotoxin [68]. Clini-
cal findings are confirmed with experimental stud-
ies which revealed a positive correlation between
the degree of endotoxin translocation through the
intestinal wall, and granulocyte infiltration in liver,
and leukocytic myeloperoxidase concentration
[69]. Therefore, in recent years the protection of
the intestine is given the extreme importance. But
the gut is also the major organ in terms of the for-
mation of the immune response, proliferation, mat-
uration and functioning of both monocytes and
dendritic cells, and practically all subpopulations of
lymphocytes. According to various estimates the
absolute majority of immunocompetent cells are in
a zone of splanchnic blood circulation, therefore in-
testinal and/or nutritional deficiency is usually ac-
companied by lymphopenia. The nutritional status
also defines the process of apoptosis of the immu-
nocompetent cells, and influences their matura-
tion. Moreover, the lymphopenia is considered as
an objective sign of nutritional and/or intestinal
deficiency [70].

Therefore, speaking about nutrition functions in
sepsis, it is necessary to mind protection of the intes-
tine. It is known that the early enteral nutrition
(EEN) possesses enteroprotective action. In the
group of patients with sepsis on EEN, reliably lower
count of endotoxin in blood serum was noted, me-
chanical ventilation terms, the length of stay in the
ICU and hospitalization duration were reduced [71—
73]. Unfortunately, the early enteral nutrition is still
perceived not so much as the therapeutic measure
for the gut, but as a source of vitamins, protein and
calories [74]. It is evident, that it is necessary to
search the components of early nutrition capable to
accelerate the recovery and integrity of the intestinal
barrier and its immune functions.

One of the most important nutrients that spec-
ify both severity of lymphocytes’ apoptosis, and

116

Journal homepage: http://jsms.ngmu.ru



doi: 10.31549/2542-1174-2020-3-108-125

Streltsova E.I. et al. / Journal of Siberian Medical Sciences 3 (2020) 108—125

uuTOoB. I1o pa3IUYHbBIM OlleHKaM abCOJTI0THOE 6OJIb-
MIMHCTBO UMMYHOKOMIIETEHTHBIX KJIETOK HAXOIUTCS
WMEHHO B 30HE CIUITAHXHUYECKOTO KPOBOOOpAIIeH s,
IMO3TOMY KWINIEUHAs W/WIW HYTPUTHUBHAs HEIO0CTa-
TOYHOCTD, KaK IPABUJIO, COITPOBOK/IAETCs TUMPOIIe-
HUed. HyTpUTHUBHBIN cTaTyc OIpeessieT U IpoIece
arorTo3a UMMYHOMIIETEHTHBIX KJIETOK, F BIUAET HA
ux co3pepanue. bosiee Toro, UMeHHO JIUMQOIIEHUA
cuuTaeTcsi OObEKTUBHBIM MPU3HAKOM HYTPUTHBHOH
¥/VJTH KUIIIEYHOU HEZI0CTaTOUHOCTH [70].

CrnenoBaTesibHO, TOBOPA O (PYHKIUAX IMUTAHUA
TIpH ceTicce, HeOOXOIMMO IIOMHHTH B TOM YHCJIE O 3a-
[[ATE KUIIEYHUKA. FI3BECTHO, YTO SHTEPOIIPOTEKTHB-
HBIM JIEHCTBHEM 00JIa/laeT paHHee SHTepabHOE MH-
tanue (PIII). B rpynme 60JbHBIX CEIICHCOM, B KOTO-
po¥i ucmnosibzoBasioch PAII, orMeuanoch JOCTOBEPHO
0oJiee HU3KOE COJIEPIKaHNEe SHIOTOKCHHA B CBIBOPOT-
Ke KpOBH, cOKpamanuck cpoku MBJI, mpebviBaHuE B
OPUT wu cpoku rocimTanmusanuu [71—73]. K coxaie-
HUIO, PaHHee SHTepajbHOEe MUTAHHUE IMO-TIPEKHEMY
BOCIIPUHUMAETCS He CTOJIBKO KaK JieuebHasi Mepa Jijist
KUIIIEYHHKA, CKOJIbKO KAaK HCTOYHUK BUTAMHUHOB,
Oeska ¥ kayopuil [74]. OueBUHO, YTO HEOOXOUM
ITOUCK KOMITOHEHTOB PAHHErO IMUTAHUS, CIIOCOOHBIX
YCKOPUTH BOCCTAHOBJIEHHE U IEJIOCTHOCTH KUIIIEYHO-
ro 6apbepa 1 ero UMMyHHbIE (DYHKITHH.

OnuuM u3 Haubosiee BaKHBIX HYTPHUEHTOB,
OIIPEIETIAIONINX U BBIPA’KEHHOCTh aIlOINTO3a JIUM-
(Go1IUTOB, U CKOPOCTh HMX CO3PEBAHUS, SBJSETCS
aMHHOKHCJIOTA TJIFOTAaMUH. XOTsI OOJIBIIIMHCTBO Pa-
60T OBLIIO MOCBAIIEHO POJIU IVIFOTAMUHA B aHAOOIH-
YeCKHUX MPOoIleccax, B HaCTOSANUH MOMEHT Habupaer
CHJTy HOBasl TIapaJIiTMa, B KOTOPOU IJIIOTAMUH pac-
CMaTpUBaeTCs KaK KJIYEBOE 3BEHO B MOJYJISI[UH
cTpecca 1 arornrosa [75].

B uwacrHOCTH, MHKyOamus KJIETOK B cpeze 6e3
[JII0TAMUHA TPUBOJIMIIA K AIONTO3Y STUX KJIETOK.
XapakTepHO, UTO caM 1o cebe edUIuT rIroTaMuHa
COTIPOBOK/TAETCS OKCU/ITAHTHBIM CTPECCOM B CBSI3U C
HapyIIeHWeM CHUHTEe3a BHYTPHUKJIETOUHOTO TJTIOTa-
THOHA, OJTHAKO OJIOKAJla OKCUJAHTHOTO CTpecca He
MPUBOIWJIA K MPEJIOTBPAIIEHUI0 ITPOrPaMMHUPOBaH-
HoW rubesu. CiiemoBaTe/IbHO, COIVIACHO [76], riroTa-
MHH BXOJIUT B CCTEMY 3aIllUThI OT arlonTosa. Tak:ke
OBLIIO TIOKA3aHO, UTO IVIIOTAMHH BXOJUT B CHCTEMY
3aIUTHI OT AIONTO3a, KOHTPOJIUPYS AaKTHUBAITUIO Ka-
cIta3, B YaCTHOCTH, KacuasbI-8 [77].

Hmmynomepanua. LluTokMHOTEPAIUSA, B 4aCT-
HocTH npenaparamu unrepdepona (MOH) ramma u
anbda-2b, oiHO3HAYHO TTOKa3aHa IPU BPOKAEHHBIX
WIN PUOOPETEHHBIX JlepekTax B cucTremMe HHTEP(de-
POHOB, O YeM CBUJIETEJIbCTBYIOT MHOTOUKCJIEHHbIE
uccsenoBanus. Bpoxaennsie nedexts UOH I Tuna
CBSI3aHBI C MyTAI[UsIMHU T€HOB, OTBETCTBEHHBIX 38 UX
CHHTE3, YTO BeJleT K JAeDUIIUTY Pa3TUIHBIX MOJe-

their maturation rate is amino acid glutamine.
Though the majority of works was devoted to gluta-
mine role in anabolic processes, a new paradigm in
which glutamine is considered a key element in
modulation of stress and apoptosis is currently
gaining strength [75].

In particular, the incubation of cells in gluta-
mine free medium led to the apoptosis of these cells.
It is characteristic that the deficiency of glutamine in
itself is accompanied by an oxidative stress connect-
ed with the disturbance of intracellular glutathione
synthesis, however, the blocking of oxidative stress
did not lead to prevention of the programmed death.
Therefore, according to [76], glutamine is a part of
the apoptosis defense system. Also it was shown that
glutamine is included into the apoptosis defense sys-
tem, controlling caspases’ activation, in particular,
caspase-8 [77].

Immunotherapy. Cytokine therapy, in partic-
ular gamma and alpha-2b interferon (IFN) prepa-
rations, is clearly indicated in congenital or ac-
quired defects of interferon system, as numerous
researches testify to. Congenital defects of IFN
type I are associated with mutations of the genes
responsible for their synthesis, which leads to a de-
ficiency of various molecules involved in the acti-
vation of genes responsible for synthesis of IFN-
a/B (STAT1, UNCog3 B1, MCM4, TLR3, TRAF3,
TRIF, TBK1) and the low IFN-a/[ level. Deficiency
of IFN-y, defects of its IFNGR receptor (IFN-yR1),
and deficiency of IL-12 playing an important role
in regulation of IFN-y [78] have been described
and nuanced. Congenital disturbances in the IFN
system lead to the emergence of severe infection,
often resulting in fatal outcome. Replacement
therapy with IFN-a2b or IFN-y is indicated in such
patients.

Thus, the use of interferons is considered a
promising direction [79]. However, given the pheno-
typic diversity of the immune response to infection, a
number of authors are very pessimistic about the
modern possibilities of immunotherapy [80]. In-
deed, clinical studies have proven a decrease in le-
thality only with the use of immunoglobulins G, M
and A [9].

Modulation of apoptosis. It is obvious that
pathological activation of apoptosis in sepsis re-
quires targeted correction. The anti-apoptotic thera-
py preventing death of lymphocytes successfully in-
creased survival during the experiment [81], there-
fore, it is regarded as a promising direction of re-
search [82, 83].
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KyJI, y9aCTBYIOIIUX B AKTUBAIIMHU I'€HOB, OTBETCTBEH-
Hbix 3a cuaTe3 MOH-a/B (STAT1, UNC93 B1, MCM4,
TLR3, TRAF3, TRIF, TBK1), u HU3KOMY YPOBHIO
N ®H-a/p. Onucaus! u yrounenst aedunur UOH-y,
nedextol ero perentopa IFNGR (M®H-yR1) u ne-
¢urur 11.-12, UTparOIEro BaXKHEUIIIYIO POJIb B PETY-
nssnun UOH-y [78]. BpoxkaeHHbIe HAPYIIEHUA B CH-
creme VIOH BeslyT kK BOSHUKHOBEHUIO TSIKEION MH-
dekmu, 9acTo MPUBOISIIEHN K JIETAJIBHOMY HCXO/Y.
TakuMm mmareHTaM MOKa3aHa 3aMeCTUTeIbHAs Tepa-
nust UOH-a2b niu UOH-y.

Takum o6pasoM, HCIOJIb30BaHUE HHTEP(EPO-
HOB CUHTAETCSA IEPCIEKTHBHBIM HalpaBJIeHUEM
[79]. Ognako, yunuTbiBasgs GHEHOTHIINUECKOE pPa3HO-
oOpa3ue UMMYHHOTO OTBeTa Ha WH(MEKITUIO, PAJT aB-
TOPOB BeChbMa IMECCUMUCTUYHO OTHOCSTCS K COBpe-
MEHHBIM BO3MOXKHOCTSM HMMMYyHOTepanuu [80].
JleicTBUTETbPHO, KJIMHUYECKUMHU UCCJIEIOBAHUSIMU
JIOKa3aHO CHU?KEHHE JIETAJIbHOCTHU TOJIBKO ITPU IPH-
MeHEeHUU UMMYHOTIJIO0YIMHOB Ky1accoB G, M u A [9].

Moodyasuus anonmoaa. O4eBUAHO, YTO IATO-
JIOTHYEeCcKasl aKTUBAIHA allOIITO3a IIPU CETICHCE HY K-
JlaeTcs B IeJIeHANpPaBJIEeHHON KOPPEKIHH. AHTH-
aTONTOTUYECKAsI Tepamusi, Ipe0TBpaIamoIas Tu-
6esb JTUMQOITUTOB, YCIENTHO YBEJIUUNBAIA BBIKHU-
BaeMOCTh B 3KcIiepuMeHTe [81], moaTomy paciieHu-
BaeTcsl Kak MHOT0O00eIaloIee HalmpaBieHHe uecyie-
Josanui [82, 83].

ITogxoapl K Tepanuy, HAIPABJIEHHON HA IO7a-
BJIEHHE TIPOIIECCOB AIIOINTO3a, PA3JIUUYHBI U BKJIIOUA-
0T BO3JIEUCTBYE HA PA3HBIE ATAIIBI — OT B3AUMO/IEH-
CTBUS IATOTEHOB C PElleNTOPaMH KJIETOK JI0 aKTHBa-
IIUU CUCTEM Kacras. [lepCcreKTUBHBIM ITpeCTaBIIsA-
eTcs npoBefieHue nutokuHorepanuu 1L-7 u IL-15, B
pe3yJIbTaTe Yero OTMeYaeTcs yiIydlleHne GyHKIHo-
HaJIbHON aKTUBHOCTH U PO epaTUBHON CIIOCO0-
HOCTU T-TUM(ONHUTOB, a TAK}KE MOBBIIIIEHHUE UX Pe-
3HUCTEHTHOCTH K amonTtosy [84—88].

[To-iperxHEMY aKTyaJIbHBIMU SIBJISIIOTCS WICCJIE-
JIOBAaHUS SKCTPAKOPIOPATHHBIX METOOB JIEUEHUs
cericruca. OTHOCUTETLHO HOBOE HAaIIpaBJIEHUE — HEH-
Tpasuzanusa IL-10 ¢ TOMOIIbI0 COPOIMOHHBIX TEX-
Hosoruii. Kak yxke ObLIO CKazaHO, B psijie paboT
ObLIa MMOKa3aHa MOJIOKUTETbHAS KOPPEJIAIUS MEXK-
ny conepkanuem Treg m IL-10. Helrpanmzamus B
SKCIIepUMEHTATBHON Mozenn cencuca IL-10 Bocera-
HaBuBasa copep:kanue CD4+ T-KIeToK B cesie3eH-
Ke U JIOCTOBEPHO yJIydlllajia BhIKHUBAeMOCTh [89].
Panee Obuta ynmomsiHyta pabota, B KOTOPOU reMO-
nepdys3us Ha KOJIOHKE ¢ MMMOOMJIM30BAaHHBIM I10-
JUMUKCUHOM B Takke cHmxkana u yuciao Treg, u
koHueHTpanuu 1L-6 u IL-10, 9TO B HOCJEIYIONEM
OTPa3MJIOCh TOJIOKUTEIBHO Ha pe3ysbTaTax Tepa-
muu. Takum o6paszom, HedTpanuzanus [L-10 moxkeT

The approaches to therapy aimed at suppression
of apoptosis processes are various and include im-
pact at different stages, i.e. from interaction of patho-
gens with cells receptors to the activation of caspas-
es’ systems. Cytokine IL-7 and IL-15 therapy seems
promising, and results in the improvement of func-
tional activity and proliferative ability of T-lympho-
cytes, as well as an increase in their resistance to
apoptosis [84—88].

Researches on extracorporal methods of sepsis
treatment are still relevant. A rather new direction is
neutralization of IL-10 by means of sorption tech-
nologies. As told before, in a number of works the
positive correlation in Treg and IL-10 levels was
shown. Neutralization of IL-10 in experimental
model of sepsis restored the CD4+ T-cells count in
the spleen and significantly improved the survival
[89]. Earlier a work was mentioned in which hemo-
perfusion on a column with the immobilized poly-
myxin B also reduced both the Treg number, and
concentration of IL-6 and IL-10, which subsequent-
ly had a positive effect on therapy results. Thus,
neutralization of IL-10 can be considered as a prom-
ising strategy in overcoming immunosuppression in
sepsis [50].

CONCLUSION

On the basis of the above mentioned study it is
possible to draw the following conclusions:

1. The phenomena of lymphopenia and immu-
noparesis are typical for sepsis and persistent MOF.
Immunoparesis as such, and lymphopenia in partic-
ular, are the consequence of a critical condition, for
example, severe injury. In turn, the severe lympho-
penia later on determines the severity and outcome
of the critical condition.

2. Lymphopenia and the neutrophil-lymphocyte
count ratio are the objective and most sensitive diag-
nostic criteria of sepsis.

3. Further progress in the treatment of critical
conditions in general and sepsis in particular is as-
sociated with the development and implementation
of technologies for overcoming lymphopenia and, ac-
cordingly, immunoparesis. In turn, the definition of
Iymphopenia as one of the important therapy targets
will accelerate clinical trials.
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paccMaTpuBaThCA KaK MEPCIIEKTUBHASA CTPATETUs B
[Ipeo/IoJIeHUY UMMYHOCYIIPECCUU TIPHU cericrce [50].

3AK/IIOUYEHUE

Ha ocHOBaHUM BBIIIEU3JI03KEHHOTO MOKHO C/ie-
JIaTh CJIEAYIOIIE BBIBOJBI:

1. lna cencuca u nepcuctupytomeit [IOH tu-
NUYHBl ABJIeHUs JUMOIEHUH U UMMyHOIapesa.
CaMm 110 cebe UMMYHOIIape3, U B YaCTHOCTU JTUMGO-
IIeHU, ABJIAeTCs CJIeZICTBUEM KPUTHYECKOTO COCTO-
SAHWUA, HAIIpUMeED, TSKeJIOU TpaBMBIL. B cBoio oue-
penp, B AajpHENIEM BBIpa)KeHHAsA JINMOOIEeHU
ompesiesisieT TAXKEeCTh M HCXOJl KPUTHUYECKOTO CO-
CTOSTHUSA.
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THE ROLE OF CONNECTIVE TISSUE DYSPLASIAS IN
PATHOLOGY OF VARIOUS BODY SYSTEMS

Abdukadirova N.B.!, Rabbimova D.T.!, Khayatova Z.B.2
:Samarkand State Medical Institute (The Republic of Uzbekistan)
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AHHOTAIIUA

B suTeparypHOM 00630p€e PACCMOTPEHBI JUCIIA3UH COEIUHUTEIBHON TKAHU U UX POJIb B [IaTOreHe3e 3aboseBa-
HUH CepieuHO-COCYIUCTOH, IbIXaTeTbHONU, UMMYHHON U IPYTHUX CUCTEM opraHusMma. [IpecTaBaeHbl 3THOIOTHYECKIE
1 MOp(}OJIOTHUeCcKHe aCIIEKThI PA3BUTH I TOW MATOJIOTHH, KJIaCCU(PUKALIHA, a TAKKe KJINHIUYECKE 0COOEHHOCTH Tede-
HUS HEKOTOPBIX 3a00JIeBaHUT Ha POHE TUCIIA3UHI COeIMHUTEIHPHON TKAHU KaK Y B3POCJIbIX, TAK U Y JIeTeH.

Karoueswvte caosa: coeTuHUTETbHAS TKaHb, OPOHXHATbHAS ACTMAa, AMCIIA3Us COEAUHUTETHHON TKAHU, MaJIble aHO-
MaJIUU PA3BUTHS, HAPYIIIEHUE PUTMA CEPALIA, HHTEPCTUITHATBHBIA HEDPUT.

ABSTRACT

The literature review considers connective tissue dysplasias and their role in the pathogenesis of diseases of the

cardiovascular, respiratory, immune and other systems of the body. The etiological and morphological aspects of this
pathology, classification, as well as clinical features of the course of some diseases associated with connective tissue
dysplasia in both adults and children are presented.

Keywords: connective tissue, bronchial asthma, connective tissue dysplasia, minor developmental anomalies, cardiac

arrhythmia, interstitial nephritis.

CoenvHUTENIbHAA TKAHb UTPAET 0COOYIO POJIb B
opranuaMe 4esioBeka. CocTaBisisg OKOJIO 50 % Bcel
Macchl Tesa, OHa oOpasyeT ONOpHBIN Kapkac (cke-
JIET) W HaAPY;KHBIE MTOKPOBHI (KOKY); COBMECTHO C
KpOBBIO B TUM®DOH HOpMHUPYeET BHYTPEHHIOIO CPEY
OpraHm3Ma; yJacTBYeT B PeryysAlUud MeTabosmde-
CKUX U TPOGUUYECKUX ITPOILIECCOB; B3AUMO/IEHCTBYET
¢ aronuTapHOM M UMMYHHOU CHCTEMAMU; yYACTBY-
eT B o0ecrieyeHuu UMMYHHOTO U CTPYKTYPHOI'O TO-
Meocrasa [1—3].

VICTOYHUKOM pasBUTHUA COETMHHUTENILHOM TKa-
HU SBJIAETCS Me3eHXUMa, U3 KOTOPOH (pOPMHUPYIOT-

Connective tissue plays a special role in the hu-
man body. Making up about 50% of the total body
weight, it forms a supporting frame (skeleton) and
external integuments (skin); together with blood and
lymph forms the internal environment of the body;
participates in the regulation of metabolic and tro-
phic processes; interacts with the phagocytic and im-
mune systems; participates in the maintenance of
immune and structural homeostasis [1—3].

The source of connective tissue development is
mesenchyme from which outwardly so dissimilar tis-
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Cs1 BHEIITHE CTOJIb He ITOXO0KHe JIPYT Ha Apyra TKaHU:
KOKa W KOCTH, JKHPOBas TKaHb, KPOBb W JuM®a,
TJIaJIKHEe MBIIIIIBI U XPSAIH [1, 3].

KiteTrouHble 5/IEMEHTHI COETUHUTETLHON TKAHU
npezicTaByieHbl GpubpobiactaMu U UX Pa3HOBUIHO-
ctamu (ocTeobacTaMy, XOHAPOITUTAMH, OJIOHTO-
Onactamu, KepaTtobsactamu), Makpodgaramu (ru-
CTHOLIMTAMU) W TYYHBIMU KjeTkamu (J1abporura-
mu). B pyHKIME hpubpo61acTOB BXOIAT: MPOTYKITUS
0EIKOBO-YTJIEBOITHBIX KOMILIEKCOB OCHOBOTO BeIIe-
cTBa (MPOTEOIVIMKAHOB U TJIMKOIPOTEMHOB); 0Opa-
30BaHHE KOJIJIAT€HOBBIX, PETUKYJISIPHBIX U DJIACTH-
HOBBIX BOJIOKOH; PEryJIAlusA MeTaboIru3Ma U CTPYK-
TYPHOH CTaOMIBHOCTH STUX DJIEMEHTOB, B TOM UICJIE
WX KaTaboJIM3Ma; OpraHU3alHs CBOEr0 «MHUKPO-
OKPY’KEHHSI» W SIUTETNATIHHO-ME3€HXMMAIbHOTO
B3anUMOJIelicTBUA. B KOMILIEKCce ¢ BOJIOKHUCTBHIMH
KOMIIOHeHTaMu (uOPOO6IACThl ONPEAEsSTIOT apXu-
TEKTOHUKY COeTUHUTEIbHOU TKaHH [3, 4].

IKCTPAIEJUTIOJIAPHBIA MaTPUKC TPEACTaBIeH
BOJIOKHAMH 3 THUIIOB: KOJIJIATEHOBBIMHU, PETUKYJISIP-
HBIMHU U 5JIACTHHOBBIMM, SIBJISTIOIIMMICS OCHOBHBI-
MU CTPYKTYPHBIMU 3JIEMEHTAMHU COEIMHUTETHHOMN
TKaHH, KaK BOJIOKHHUCTOU, TaK U CO CHEIHATbHBIMHU
cBOIiCcTBAMU. BOJIOKHHCTAsI COEQUHUTENbHAS TKAHD
[0 CTEMEeHH Pa3BUTUS BOJIOKOH B MEKKJIETOUHOM
MIPOCTPAHCTBE MOKET OBITh PBIXJIOW WJIN ILJIOTHOM,
obopMIeHHON Mau HeT. I[Ipu 3TOM phIXjas, HEo-
dbopmiieHHas coemUHUTENbHAs TKaHb 00pasyer
CTPOMY BCEX OPTAHOB U CHCTEM, a IJIOTHAsI 0popm-
JIEHHAas BOJIOKHHCTasl, obJiajiaroliasi 3HauuTeIbHON
IIPOYHOCTHIO, COCTABJISIET CBA3KHU, CYyXOXKUIHUsA, dac-
MU OpraHoB, Gpubpo3HbIe MeMOpaHbl. B 06pa3osa-
HUH KOKU (JI€PMBI), HAIKOCTHHIIBI U HAIXPSIIITHUIBI
y4acTByeT IUIOTHAsE HeohOPMJIEHHAS COeTUHUTEh-
Hasl TKaHb, TAKKe OTJIMYAIONIASCA MPOYHOCTHI0. Co-
eIMHUTEIbHAA TKAHb CO CIIEI[HAJIbHBIMM CBOMCTBA-
MU MOKET OBITh CJIU3UCTOH, 3 KUPOBOU U PETUKYJIIAP-
HOU U COCTAaBJISIET OCHOBY CHHOBHUAJIPHBIX U CJIU3U-
CTBIX 00OJIOUEK, JIEHTUHA, SMaJIH, ITyJIbIIBI 3y0OB,
CKJIEDP, CTEKJIOBU/IHOTO TeJia, Oa3abHOU MeMOpaHbI
COCY/IOB Y BIIUTEJIHS, CUCTEMbI HEHpOTIHH [3, 5].

W3BECTHO 14 THUIIOB KOJIJIaT€HAa, KOTOPhIE OTJIH-
YaOTCs JPYT OT JIPyTa IO COCTaBY, IIPEUMYIIECTBEH-
HOMY PACIIOJIOKEHHUIO B OpraHaxX W TKAaHSAX U UCTOY-
HUKY (popMupoBaHusa. MojieKysa KoJilareHa COCTOUT
U3 MOJTUIENTH/THBIX a-Tienei. Kajkmas a-1emb comep-
JKUT B CPEHEM OKOJIO 1000 aMUHOKHUCIOTHBIX OCTAT-
koB. CJI0KHOE CTPOEHHE KOJIIareHa OIPe/IesIsTeTcst
yepeIoBaHUEM MOJIEKYJI IPOJIMHA, IJINIINHA, JIN3UHA,
a Tak’Ke CBOHCTBEHHBIX KOJIJIATEHY WX TUPOKCHIIb-
HbIX GOPM — OKCHJIM3UHA U OKcuIposnHa. COOTHO-
[IIeHUEe MEXK/TY COZIepKaHMeM KoJUlareHa PasHbIX TH-
0B B OPTaHU3ME B [I€JIOM U B OT/IEJIBHBIX €r0 OPraHax

sues are formed: skin and bones, adipose tissue,
blood and lymph, smooth muscles and cartilages [1,
3l

The cellular elements of the connective tissue
are represented by fibroblasts and their varieties (os-
teoblasts, chondrocytes, odontoblasts, keratoblasts),
macrophages (histiocytes) and mast cells (labro-
cytes). The functions of fibroblasts include: produc-
tion of protein-carbohydrate complexes of the
ground substance (proteoglycans and glycopro-
teins); formation of collagen, reticular and elastin fi-
bers; regulation of metabolism and structural stabil-
ity of these elements, including their catabolism; or-
ganization of its “microenvironment” and epithelial-
mesenchymal interaction. In combination with fi-
brous components, fibroblasts determine the con-
nective tissue architectonics [3, 4].

The extracellular matrix is represented by
3 types of fibers: collagen, reticular and elastin which
are the main structural elements of connective tis-
sue, both fibrous and with special properties, or spe-
cialized. Fibrous connective tissue according to the
degree of development of fibers in the intercellular
space can be loose or dense, regular or irregular. At
the same time, the loose, irregular connective tissue
forms the stroma of all organs and systems, and the
dense, regular fibrous tissue which has significant
strength makes up ligaments, tendons, fasciae of or-
gans, and fibrous membranes. In the formation of
skin (dermis), periosteum and perichondrium, the
dense irregular connective tissue, also distinguished
by its strength, is involved. Connective tissue with
special properties can be mucous, adipose and retic-
ular, and forms the basis of synovial and mucous
membranes, dentin, enamel, dental pulp, sclera, vit-
reous, basement membrane of blood vessels and epi-
thelium, neuroglia [3, 5].

There are 14 types of collagen which differ from
each other in composition, predominant location in
organs and tissues and the source of formation. Col-
lagen molecule consists of polypeptide a-chains.
Each a-chain contains about 1000 amino acid resi-
dues on average. The complex structure of collagen is
determined by alternation of proline, glycine, lysine
molecules, as well as their hydroxyl forms character-
istic of collagen — oxylysine and oxyproline. The pro-
portion of different collagen types in the body as a
whole and individual organs, and systems of organs
changes throughout life and provides many physio-
logical processes [5, 6].

The space between the fibers is filled with com-
plexes of polysaccharides — glycosoaminoglycans
and their compounds with proteins — proteoglycans
and glycoproteins. Proteoglycans provide the trophic
function of connective tissue: transport of water,
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U CHCTEeMaX MEHsSIETCSI B TEUEHHe KU3HU U 00eCIeur-
BaeT MHOTHEe (PUBHOJIOTUYECKUE IIPOIECCHI [5, 6].

ITpocTpaHCTBO MeXKIy BOJIOKHAMH 3aIlOJTHEHO
KOMILJIEKCAMU TOJINCAXapU/IOB — IJIMKO30aMHUHO-
[VINKAaHAMHU U UX COEMHEHUAMHU C OeJIKaMu — IIpO-
TEOTJIMKAaHAMU U TJINKONpoTenHaMu. [Iporeoryinka-
HBI 00€eCIIeunBalT TPODUUIECKYIO QYHKITUIO COETH-
HUTEJIbHOU TKAHU: TPAHCIIOPT BOJbI, COJIEN, aMUHO-
KHCJIOT U JIUTIH/IOB, 0COOEHHO B OeccocyTUCThIX Opa-
IUTPOMHBIX yIaCTKaX, CTEHKAX COCY/IOB, KJIAlaHax
cepAana, xpsiax, poroBurie u zip. [3—5].

CoeuHUTETbHAS TKAHD BBITOJIHAET KAK MUHHU-
MyM 5 BOKHBIX QYHKIINH: OMOMeXaHUYIEeCKyIOo (0Iop-
HO-KapKacHYyI0), Tpoduueckyio (MeTaboIuIecKyIo),
OaprepHyI0 (3alUTHYI0), IJIACTUUYECKyIO (pemapa-
THBHYI0) W MopdoreHeTnueckyo (obpasoBaHue
cTpykTypsl). OcylecTBiaeHue (QYHKIUNA COeJMHU-
TeJIbHO! TKAaHU CBA3aHO CO BCEMH €€ KJIETOYHBIMU U
BHEKJIETOUHBIMU KOMIIOHEHTaMH, XOTs JIOJI yda-
CTHS U POJIb TUX KOMIIOHEHTOB B PEIM3AINH KaK-
Jlo¥ GYHKIUY HEPAaBHO3HAYHHEI [1, 3, 5].

Jlucruiasus COeIMHUTETBHOM TKAaHU — 3TO Hapy-
IIIeHNEe Pa3BUTHSA COEJUHUTEIHHON TKaHU B 3MOPHO-
HAJILHOM U ITOCTHATAJIHHOM MIEPUO/IAX BCJIEICTBHE Te-
HETUYECKU MU3MEHEHHOro (uOpUUIOTeHe3a BHEKJIE-
TOYHOTO MaTPHKCA, IPUBOJIAIIEE K PACCTPOUCTBY TrO-
MeocTa3a Ha TKAHEBOM, OPTAHHOM M OPTaHU3MEHHOM
YPOBHSIX B BUJIE PA3JIHUHBIX MOP(PO-PYHKITHOHATBHBIX
ZieEKTOB BUCIEPATIBHBIX F JIOKOMOTOPHBIX OPTaHOB C
MIPOTPEINEHTHBIM TEUEHHEM [2].

BrepBble UCIUIA3Usl COEIUHUTEILHOU TKAHU
6buta omucana B 1682 1. Van Meekeren, a 3arem
A.H. YepuoryooBeim (1891), A. Marfan (1896),
E. Ehlers (1901), F. Danlos (1908) [1]. JaibHeiimee
M3yUeHHUe TO3BOJIUJIO YCTAHOBUTH HAC/IECTBEHHBIN
XapakTep psA/ia CHHAPOMOB, B OCHOBE KOTOPBIX JIEXKUT
TeHHBIH /ledeKT CHHTe3a KoJUlareHa W OIpe/iesIeH-
HBbII (ayTOCOMHO-ZIOMUHAHTHBIA WJIA ayTOCOMHO-
pellecCUBHBIN) TUT HacsieZoBauus [3, 7—11]. OmHAKO
B IIOJIABJISIIOIIEM OOJIBIIMHCTBE CIy4aeB Habop dheHo-
TUIINYECKUX IPU3HAKOB HE YKJIA/IBIBAETCSA HU B O/IUH
13 U3BECTHBIX CUHAPOMOB IATOJIOTHH COETUHUTEIb-
HOM TKaHU. B cBA3U ¢ 3TUM HaCJIeACTBEHHBIE 320016~
BaHUsA COEMHUTEIBHON TKAaHU PasZesIAoT Ha Jud-
(epennupoBanHble U HeAUDbEpPeHITTPOBAaHHBIE [1].

AduddepenypoBaHHble JUCILIa3UU CcOe-
JUHUTEJIbHOUN TKAHU XapaKTEPU3YIOTCH OIpesie-
JIEHHBIM THUIIOM HACJIEJIOBAHUsI, OTUETIUBON KINHU-
YEeCKOU KapTHHOM, a B PsAJIe CJTydyaeB — yCTAHOBJIEH-
HBIMHU ¥ XOPOIIO U3YYEeHHBIMU T'€HHBIMU WJIH OHO-
xumuyeckumu aedexkramu. Hanbosiee TUIUUYHBIE
MIPE/ICTABUTEIIN 3TOH TPYIIIbI — CHHAPOMBI Mapda-
Ha u dyepca — JlaHJoca, HECOBEPIIIEHHBIH OCTEOTe-
He3, CUH/IPOM BsUION KO:KU U Ap. [1o maHHBIM pas-

salts, amino acids, and lipids, especially in avascular
braditrophic areas, vascular walls, heart valves, car-
tilages, cornea etc. [3—5].

The connective tissue performs at least 5 impor-
tant functions: biomechanical (support-frame), tro-
phic (metabolic), barrier (protective), plastic (repar-
ative) and morphogenetic (structure formation). The
implementation of the connective tissue functions is
associated with all its cellular and extracellular com-
ponents, although the participation rate and role of
these components in implementation of each func-
tion are unequal [1, 3, 5].

Connective tissue dysplasia is a disorder in the
development of connective tissue in the embryonic
and postnatal periods due to genetically altered fi-
brillogenesis of the extracellular matrix leading to a
disturbance of homeostasis at the tissue, organ and
organism levels in the form of various morpho-func-
tional defects of visceral and locomotor organs with a
progredient course [2].

Dysplasia of connective tissue was first de-
scribed in 1682 by Van Meekeren, and then by A.N.
Chernogubov (1891), A. Marfan (1896), E. Ehlers
(1901), F. Danlos (1908) [1]. Further study made it
possible to establish the hereditary nature of some
syndromes which are based on a gene defect in col-
lagen synthesis and a certain (autosomal dominant
or autosomal recessive) mode of inheritance [3,
7—11]. However, in the overwhelming majority of
cases, the set of phenotypic features does not fit into
any of the known syndromes of connective tissue pa-
thology. In this regard, hereditary connective tissue
diseases are divided into differentiated and undiffer-
entiated [1].

Differentiated connective tissue dyspla-
sias are characterized by a certain mode of inheri-
tance, a distinct clinical picture, and in some cases
established and well-studied genetic or biochemical
defects. The most typical representatives of this
group are Marfan’s and Ehlers-Danlos syndromes,
osteogenesis imperfecta, flaccid skin syndrome etc.
According to various authors, the population fre-
quency of Marfan’s syndrome ranges from 1.72—4
per 100 000 to 1 per 15 000 newborns [1, 3, 8 ]; the
frequency of Ehlers-Danlos syndrome ranges from 1
in 100 000 [8] to 1in 5 000 newborns [1].

Undifferentiated connective tissue dys-
plasias are diagnosed when a patient has a set of
phenotypic signs that does not fit into any of the dif-
ferentiated syndromes. The cause of the disease is
considered multifactorial exposure of the fetus dur-
ing fetal life which can cause defects in the genetic
apparatus [1, 2].

The severity of genetically determined defects in
ontogenesis depends on the penetrance and expres-
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HBIX aBTOPOB IOMYJISIMOHHAs YacTOTa CUHAPOMA
MapgaHna cocTaBiseT ot 1.72—4 Ha 100 000 /10 1 Ha
15 000 pojuBIinuxcs [1, 3, 8]; wacrora cuHapOMa
Anepca — Jlannoca kosebieres ot 1 Ha 100 000 [8]
JIo 1 Ha 5000 HOBOPOXK/IEHHBIX [1].

HemuddepeHmupoBaHHbIE IUCIIA3UU
COeINHUTETLHOM TKAHH [UaTHOCTUPYIOTCA B TEX
cIyJasx, KOT7ia y maryenTa Habop (peHOTUITHIECKHIX
MIPU3HAKOB He YKJIa/IbIBaeTCsl HU B OJinH U3 Audde-
PEHITUPOBAHHBIX CUHIPOMOB. [IprunHO 3a60sIeBa-
HHUSA CUHUTAIOTCA MYJIbTHU(AKTOpHAIbHBIE BO3JEH-
CTBUS Ha IUIOZ B IEPUOJ BHYTPUYTPOOHOTO Pa3BU-
THSI, CHOCOOHBIE BHI3BIBATD JIE(DEKTHI TEHETHYECKOTO
armmapara [1, 2].

CreneHb BBIPA’KEHHOCTU TE€HETHYECKU JIeTep-
MHUHHPOBAHHBIX JIe()eKTOB OHTOTEHE3a 3aBHCHT OT
TIEHETPAHTHOCTU U SKCIIPECCUBHOCTH COOTBETCTBY-
FOIIHMX T€HOB, 8 BPOK/IEHHBIX HAPYIIIEHUH — OT CUJIbI
U CPOKOB MyTareHHOTO Bo3jelcTBus. I[loaTomy Jio-
KaJIM3aIys IUCIUIACTHYECKUX U3MEHEHUN COeTUHI-
TEJIbHOW TKAHU MOKeT ObITh OTPaHUYEHA KaK OHOH
CHCTEMOM, TAK U COYETATh 3HAYUTEJIPHOE UX YUCJIIO.
B cBA3M ¢ 3TUM BBIJIEJIAIOT CIIEAYIOIINE BapUAHTHI
JYCIIJIA3UH:

1) UCTUHHO Masble (Hasmume 3 u Oojiee BHEII-
HUX (EHOTHUINYECKUX IMPU3HAKOB H/WIN MAaJbIX
aHOMAaJIUM pas3BUTUS 0e3 BUAUMBIX M KIUHUYECKH
3HAYMMBIX W3MEHEHUU COEIMHUTEIbHOTKAHHOTO
KapKaca BHYTPEHHUX OPTaHOB);

2) U30JIUPOBAHHBIE, JIOKATU30BAHHBIE B OJTHOM
oprase;

3) COOCTBEHHO CHHPOM COEIUHUTEIbHOTKAH-
HOH aucIiasuu [1].

PacnpocTpaHeHHOCTH BHEIIHUX (DEHOTHIINUe-
CKHUX MPHU3HAKOB CHUH/IPOMA, UX WH(GOPMATUBHOCTH
U CBSI3H C U3MEHEHUSIMHU COeTUHUTETHhHOTKAHHOTO
KapKaca BHYTPEHHHX OPTaHOB ITOCBSIIIEHBI PAaOOTHI
psna aBTopos [1, 12]. B 1989 r. M.J. Glesby u R.E. Py-
eritz MpeyIoKUIN CIIeNUATBHYIO KapTY JJ15 BBISIBIIE-
HHUS TaK Ha3bIBAEMOTO CMEIIaHHOTO (heHOTHIa, B
KOTOPOU ONHCHIBAJINCH 16 U3BECTHBIX (heHOTUITYE-
cKkHX mpu3HakoB. OHAKO KapTa MpegHa3HAYAIACh
TOJIBKO JIJISl JTUATHOCTHKH ITPOJIATica MHUTPAIbHOTO
KJallaHa ¥ paclIdpeHHs KpPYIHBIX cocy/ioB [13].
B mocseayromem MoguduIiupoBaHHbIe KAPTHI ObLIN
npezioxkeHsl P.I'. OraHoBbIM U coaBT., A.J1. MapThI-
HOBBIM U cOaBT. [12]. [ToJiHbIN TepeueHsb (eHOTUITH-
YeCKHUX IPU3HAKOB CHHJIPOMA COEANHUTETbHOTKAH-
HOU JINCIUIA3UU U MUKPOAHOMAJIUHA PA3BUTHS BKJTIO-
yaeT 60Jjiee 100 HaUMeHOBaHUH [11].

BuemHne (GeHOTHUIIMYECKUE MPU3HAKKA 3TOTO
CHHJIpOMA MOKHO Pa3jIeJIuTh Ha 3§ TPYIIIIbI:

1) KOHCTUTYIIMOHAJIbHbIE OCOOEHHOCTA — acTe-
HHUYecKas KOHCTUTYIIHS ¢ Tpeo0IaIaHueM IIPOI0JIb-

sivity of corresponding genes, and congenital disor-
ders — on the strength and timing of mutagenic ef-
fects. Therefore, the localization of dysplastic chang-
es in connective tissue can be limited to either one
system or a combination of significant number of
them. In this regard, the following variants of dyspla-
sia are distinguished:

1) minor (the presence of 3 or more external
phenotypic signs and/or small developmental anom-
alies without visible and clinically significant chang-
es in the connective tissue frame of internal organs);

2) isolated, localized in one organ;

3) connective tissue dysplasia syndrome [1].

The prevalence of external phenotypic signs of
the syndrome, their informative value and associa-
tion with changes in the connective tissue frame of
internal organs are discussed by some authors [1,
12]. In 1989 M.J. Glesby and R.E. Pyeritz proposed a
special map for identifying the so-called mixed phe-
notype which described 16 known phenotypic traits.
However, the map was intended only for the diagno-
sis of mitral valve prolapse and large vessel disten-
sion [13]. Subsequently, modified maps were pro-
posed by R.G. Oganov et al., A.I. Martynov et al. [12].
The complete list of phenotypic signs of connective
tissue dysplasia syndrome and developmental mi-
croanomalies includes more than 100 items [11].

External phenotypic signs of this syndrome can
be divided into 3 groups:

1) constitutional signs — of asthenic type with a
predominance of longitudinal body dimensions over
transverse and underweight;

2) actual signs of syndrome — malformations of
the facial part of the skull and skeleton, axial skele-
ton and limbs, including kyphoscoliosis, pectus cari-
natum (pigeon chest) and pectus excavatum (funnel
chest), flat feet and other changes in the feet, joint
hypermobility, joint hyperextensibility etc.;

3) minor malformations which by themselves,
as arule, do not have clinical significance, but appear
for stigmas of dysembryogenesis [1, 11].

A close relationship was established between the
number of external stigmas, the severity of the skin
dysplastic manifestations and musculoskeletal sys-
tem and changes in the connective tissue frame of
internal organs — internal phenotypic signs of this
syndrome. The identification of 3 or more external
phenotypic signs suggests the presence of deviations
in the structure and function of the central and auto-
nomic nervous systems, as well as internal organs [1,
12].

The syndrome of heart connective tissue
dysplasia unites a large group of anomalies of the
heart frame and deserves special attention due to its
high prevalence, the importance of clinical and func-
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HBIX Pa3MepOB TeJIa HaJl IONEPEYHBIM U JePUIIITOM
Macchl TeJIa;

2) coOCTBEHHO MPU3HAKU CHHAPOMAa — aHOMa-
JIMA Pa3BUTHUSA JIUIEBOH YaCTH Uepera U CKeJIeTa,
OCEBOTO CKeJIeTa W KOHEUHOCTEHN, BKJIOUas Kudo-
CKOJINO3, KWJIEBU/IHYIO WJIH BOPOHKOOOPa3HYHO Jie-
(opmanuio rpyTHON KJIETKH, IIJIOCKOCTOITHE U JPY-
rue U3MEHEHUsI CTOII, TUIIEPMOOIFHOCTE CyCTaBOB,
THUIIEPPACTS?KUMOCTD CYCTaBOB U T.JI.;

3) MaJible aHOMAaJIMU Pa3BUTHsA, KOTOPbIE CAMU
mo cebe, Kak MPABWIO, HE UMEIOT KJIMHUYECKOTO
3HAYEHUsI, a BBICTYIIAIOT B POJIA CTUTM JUCOMOPHO-
resesa [1, 11].

YcraHOBJIEHA TeCHAasA B3aMMOCBA3b MEXKIY KO-
JIMYECTBOM BHEIITHUX CTUTM, CTETIEHBIO BHIPA’KEHHO-
CTU JIUCIJIACTUYECKHUX IIPOSIBJIEHUH CO CTOPOHBI
KO’KH U OIIOPHO-/[BUTATEJIHHOTO allllapaTa U U3MeHe-
HUSIMHU COEIUHUTEILHOTKAHHOTO KapKaca BHYTPeH-
HHUX OPTAaHOB — BHYTpeHHUE (PEHOTUITHYECKUE ITPU-
3HAKU 3TOTO CHH/IpOMa. BrisiBieHue 3 u 6oJiee BHEIII-
HUX (QEHOTUITHUYECKUX MPU3HAKOB JAeT OCHOBAHHE
Mpe/IIioJaraTh HAJIMYHE OTKJIOHEHUH CTPYKTYPBI H
(pYHKIIMM [EHTpPaJIbHOU W BEreTaTHBHOW HEPBHOU
CHUCTEM, a TAaK)Ke BHYTPEHHUX OPTaHoB [1, 12].

CUHAPOM COeIVNHUTEIbHOTKAHHOM AHC-
IUIA3UU cepana o0beUHSIEeT MHOTOUHCIEHHYIO
TPYIIIy aHOMAJIMH KapKaca CepAlla U 3ac/IyKUBaeT
0co00TO BHUMAHUS BBUIY €ro OOJIBIION pacmpo-
CTPAaHEHHOCTH, 3HAYHUMOCTH KJIMHUKO-QYHKIHO-
HaJIbHBIX TPOSIBJIEHUH U TSYKECTH OCJIOKHEHUH [12,
14]. Pa3BuTHe mpesicTaBIeHUH 00 ATUX aHOMAJIHUAX
CTaJI0 BO3MOXKHBIM 06J1aro/iapsi BHEAPEHUIO B MPaK-
TUKY dXOKapauorpaduueckoro ucciaegoBanud. OJi-
Hako Jyiib B 1987 1. B kinaccudukamnuio Hpio-
MopKcKoii accoluanuy KapAHoJIOTroB GBUIH BKIIIO-
YeHbl COEJUHUTETbHOTKAHHBIE JUCIIA3WH CEPAIA
JIBYX 3THOJIOTHYECKHUX KJaccoB. K mepBomy Kiaccy
oTHeceHbl Au(depeHIPOBaHHBIE AHOMAJINH; KO
BTOPOMY — «HM30JINPOBAHHbBIE»: U30JIMPOBAHHBIN U
KOMOWHHMPOBAHHBIHN KJIAMIAHHBIH IIPOJIATIC, A0PTaTh-
Hasl perypruTanus, BhIOyXxaHHe aopTaJbHOTO KOJIb-
11a, aHeBpHU3Ma JIETOYHOH apTepuu [15, 16].

HcenenoBanue IpUYUH HAPYIIEHWH TeMO/IHHA-
MHKH TO3BOJIMJIO BBISIBUTH CBA3H C KOHCTUTYI[HO-
HaJIBHBIMU OCOOEHHOCTSIMHU TAIIEHTOB C TUCILIA3H-
el COeTMHUTETLHON TKaHU, B YaCTHOCTH, C BRIPAIKEH-
HOCTBIO IehOpMAaIUi TPY/THOMN KJIETKH, IO3BOHOUYHH-
Ka, ITOJI0’KEHUEM OPTaHOB B TPYHOH KJeTke [17, 18].

BoIieIsII0OT 3 BapHaHTa JTUCILJIACTAYECKU H3Me-
HEHHOTO cep/ila:

1) acTeHWYecKWi BapuaHT (Topakoauadpar-
MaJIbHOE CEP/IIlE) CBOMCTBEHEH MAIIUEHTAM C ACTEHH-
YeCKUM TUIOM H JiedopMamueidl TPyIHOU KIIETKU
I crereHu ¢ CUHAPOM TPAMOU CIIUHBL. TUTHYHBI He

tional manifestations and the severity of complica-
tions [12, 14]. The development of ideas about these
anomalies became possible thanks to the introduc-
tion of echocardiographic examination into practice.
However, only in 1987, the heart connective tissue
dysplasias of two etiological classes were included in
the New York Heart Association Classification. The
first class includes differentiated anomalies; the sec-
ond — isolated: isolated and combined valvular pro-
lapse, aortic regurgitation, bulging of the aortic ring,
pulmonary artery aneurysm [15, 16].

The study of the causes of hemodynamic distur-
bances made it possible to reveal an association of
patients’ body type characteristics with connective
tissue dysplasia, in particular, with the severity of
chest and spine distortions, and position of organs in
the chest [17, 18].

There are 3 variants of the dysplastic heart:

1) asthenic variant (thoracodiaphragmatic
heart) is characteristic of patients with asthenic type
and degree I of chest distortion with straight back
syndrome. Typical are the small dimensions of the
heart cavities while maintaining the mass of the
myocardium; changes in biomechanics are manifest-
ed in an increase in systole and a decrease in diasto-
le, which is accompanied by a decrease in stroke vol-
ume;

2) the constrictive variant is observed in patients
with severe distortion of the chest and spine. The
heart is either reduced in size and compressed, or ro-
tated with twisting of the main vascular trunks. The
contractile function of the myocardium is reduced,
especially of the right ventricle;

3) pseudo-diastolic variant occurs in patients
with pronounced keel chest distortion and dilatation
of the aortic root. Structural changes are accompa-
nied by an increase in the size of the left ventricle
which at this moment acquires a spherical shape [17,
18].

The state of the cardiovascular system in con-
nective tissue dysplasia seems to be the most investi-
gated. Recent studies indicate significant changes in
other organs and systems, but they have not yet been
sufficiently studied.

Genetically determined connective tissue insuf-
ficiency can be accompanied by dysfunction of the
bronchopulmonary system, one of the manifes-
tations of which is tracheobronchial dyskinesia — lu-
minal occlusion of the trachea and bronchi during
expiration due to prolapse of their walls. The mecha-
nism of its development is due to the fact that in the
bronchi of large and medium caliber there is a pow-
erful connective tissue framework the elasticity of
which decreases due to the primary weakness of the
connective tissue. Morphological changes lead to
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OoJIbIIIFIE pa3MepHI IOJIOCTEH CEPIia C COXpAHEHUEM
Macchl MUOKap/ia; U3MeHeH!s OoMeXaHUKU IIPOsIB-
JISIOTCS B YCUJIEHUU CUCTOJIMYECKOTO COKPAIIeHUs U
YMEHBIIIEHUN JUACTOJINIECKOTO paccaabyieHus], YTo
COIIPOBOK/IAETCS CHUKEHUEM YZIAPHOTO 00'beMa;

2) KOHCTPUKTHBHBI BapHAHT HAOJIOAETCS y
MMAIMeHTOB C BBIPAKEHHOU JlepopManuiedl TpyTHON
KJIETKU U NT03BOHOYHUKA. Ceprie 60 yMeHbIIeHO
U CIaBJIEHO, JINO0 POTUPOBAHO C IEPEKPYUHBAHUEM
OCHOBHBIX COCYZUCTBIX CTBOJIOB. COKpaTHUTEeIbHAS
yHKIIMA MUOKap/ia CHUXKEHA, 0COOEHHO IIPaBOTrO
JKeJIyZIOUKa;

3) IICEB/I0/TUACTOJIMYECKUH BaDUAHT UMEET MECTO
y HAI[UEHTOB C BBIPAYKEHHOH KuieBUAHOU /edopma-
nyey rpyHON KJIETKU U AwiaTarueil KOpHA aopThl.
CTpyKTypHBIE U3MEHEHHS COIPOBOMKIAIOTCS YBEJIU-
YyeHHeM Pa3MepOB JIEBOTO JKEJIY/I0UKa, IPUobpeTaro-
IIIETO B 3TOT MOMEHT I1apoobpasuyto ¢hopmy [17, 18].

CocTostHIE CEP/IEUHO-COCYITUCTOH CHCTEMEBI IIPU
COeIMHUTEIbHOTKAHHOH JTUCIIJIa3UY NIPEeJICTaBIIAET-
cs1 Hanbosiee M3ydeHHBIM. llcciemoBaHUs TMOCIIEN-
HUX JIET CBU/IETEILCTBYIOT O CYIIIECTBEHHBIX H3MeEHE-
HUAX U B JPYTUX OpraHax U cUCTeMax, OJHAKO OHU
elre HeJIOCTATOYHO U3YUEHbI.

leneTnuecKku JeTepMUHUPOBAHHAS HENOCTA-
TOYHOCTD COEJIUHUTEIHPHOUM TKAaHU MOKET COIIPOBO-
JKJaThesl AUCHYHKIUEH OPOHXOJIETOYHOU CH-
CTEMBI, OJJHUM U3 IPOSBIEHUA KOTOPOH SIBJISAETCS
TpaxeoOpOHXUAIbHAS AUCKUHE3HA — Cy»KEHUE TIPO-
cBeTa Tpaxeu W OPOHXOB BO BPEMs BBIIOXA BCJIEI-
CTBHE IIPOJIAOUPOBAHUS UX CTEHOK. MexaHusM ee
pas3BuTHUsA 00YCIIOBJIEH TEM, UTO B OPOHXAX KPYITHOTO
U CpelHero Kajubpa UMeeTcs] MOIIHBIH COeIHHU-
TeJIbHOTKAHHBIN KapKac, YIPYTOCTb KOTOPOTO CHU-
JKaeTcsl 3a CYET MEePBUYHON «C1aboCTU» COETUHU-
TeJIbHOH TKaHu. Mopdosornyeckue H3MeHEHUs
IIpUBOAAT K HAPYIIEHUI0 (GYHKIWH MBIIIEYHO-
XPAIIEBOTO KapKaca TpaxeoOpOHXUAJILHOTO JiepeBa
U aJIbBEOJIAPHOU TKAHU, JieJiasi UX MOBBIIIEHHO 3J1a-
CTHYECKUMH, B PE3YJIbTATE YeT0 (POPMUPYIOTCS TPa-
Xe0OpOHXOMET TN, TPaXeoOPOHXOMAJIAIUsI, OPOH-
XODKTa3WH, B PsJIE CJIyYaeB C PA3BUTHEM HUJTHOIATH-
YeCKOT0 CIIOHTAHHOTO ITHEBMOTOPAKCA.

V nerel ¢ puciiasued COeqUHUTEILHOU TKAaHU
YacTO BBISABJIAETCS OPOHXOJIETOUHAS ITaTOJIOTHUA [19,
20]. Tak, Mo HamMINM JJAHHBIM, 3TOT CUHJIPOM IIpU
OPOHXMATHHOM acTMe OTMedaeTcst B 66.7 % ciIyJaes,
YTO 3HAYUTEJIBHO IPEBBIIIAET JAAHHbBIE TOIYJISIH-
OHHBIX HcciieIoBaHul (9.8—34.3 %) U MOTBEPIKAAET
€ro poJIb B pa3BUTUM OpOHX000CTpyKIHU [18, 21].

W3 KIUHUYECKUX 0COOEHHOCTEN TeUeHUs1 OpOH-
XHAJIBbHOHN aCTMBI y 3TOTO KOHTHHTEHTA JIeTEH OTMe-
YJaTcsA: BereTaTUBHAA OKpacKa IIPUCTYIA; [IPH JieT-
KOW OpOHXHAJIBHOM acTMe — «HEMOW» BapHaHT

disturbance in the musculo-cartilaginous framework
of the tracheobronchial tree and alveolar tissue,
making them highly elastic, resulting in tracheo-
bronchomegaly, tracheobronchomalacia, bronchiec-
tasis, in some cases idiopathic spontaneous pneumo-
thorax have developed.

In children with connective tissue dysplasia,
bronchopulmonary pathology is often revealed [19,
20]. So, according to our data, this syndrome in
bronchial asthma is observed in 66.7% of cases,
which exceeds the data of population studies signifi-
cantly (9.8-34.3%) and confirms its role in the de-
velopment of bronchial obstruction [18, 21].

From the clinical characteristics of the bronchial
asthma course in this contingent of children, the fol-
lowing are noted: vegetative coloring of the attack;
silent form of bronchospasm in mild bronchial asth-
ma, a high proportion of the bronchial tree anoma-
lies in moderate and severe one; complications in the
form of spontaneous pneumothorax and subcutane-
ous emphysema; inadequately little response to
bronchospasmolytics; broncho-obstructive disor-
ders being associated predominantly with proximal
airway [22].

The gastrointestinal tract, as one of the
most collagen-rich organs, in case of connective tis-
sue dysplasia is inevitably involved in the pathologi-
cal process, which is manifested by intestinal micro-
diverticulosis, impaired digestive juices excretion
and peristalsis of hollow organs. Hypomotor gall-
bladder dyskinesia is detected with mitral valve pro-
lapse in 59.8% of cases, with left ventricular pseudo-
chords — in 33.3% of cases. In patients with pathol-
ogy of the digestive system and prolapse more often
than without it, cardia insufficiency (40—64.3%), hi-
atal hernia (14.0—45.2%), abnormalities in the gall-
bladder development (20-52.7%), dolichosigma
(40—84.6%) are found [23, 24]. Patients with dyspla-
sia suffer from a variety of generally chronic diseas-
es, and a significant cause of their development is a
violation of the epithelial and stromal relationships
during inflammation, which are regulated, in partic-
ular, by the tissue immunity system. According to
T.N. Lebedenko, the dominant form of Helicobacter
pylori-associated gastritis in this contingent of pa-
tients is pangastritis with mild or moderate atrophy
of the gastric mucosa [24]. In children with signs of
dysplasia, chronic gastroduodenitis has some clinical
features: an atypical, blurred clinical picture, a ten-
dency to have torpid course [18, 23, 25].

According to a number of authors, connective
tissue dysplasia syndrome with a high frequency
(72%) is detected in children with renal patholo-
gy, including acute and chronic pyelonephritis, glo-
merulonephritis, interstitial nephritis. A risk factor
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OpoHXOCIIa3Ma, MPU CPETHETSIKETION U TKEI0NH —
BBICOKHH y/IEJIbHBINA BeC aHOMAJIUH OPOHXUATIBHOTO
JlepeBa; OCJIOKHEHUS B BUJIE CIIOHTAHHOTO ITHEBMO-
TOpakca ¥ IOJKOKHOH 5MGbU3eMbl; HeaJeKBaTHO
MaJIbIii OTBET Ha OPOHXOCIIA3MOJIUTHYECKHE TIpera-
paThl; MPEUMYIIECTBEHHO MPOKCUMAJIbHBIN XapakK-
Tep OPOHX00OCTPYKTHUBHBIX HApYyIIeHU! [ 22].

Kery1ouHO-KHIIIEeYHBIH TPaKT, KaK OIUH
n3 Haubosee OOraThIX KOJJIATEHOM OPTaHOB, IPHU
JVCILJIA3UU COeJUHUTEIbHON TKAaHU HEN30EKHO BO-
BJIEKAETCS B MATOJIOTUYECKUN MIPOIIECC, UTO IIPOSIB-
JISIeTCsl MUKPOJUBEPTUKYIE30M KUIIIEYHUKA, HAPY-
[IEHUSIMUA SKCKPEIUU IUINEBAPUTETbHBIX COKOB U
MIEPUCTAJILTUKU  TOJIBIX OPraHoB. JluCKUHEe3us
JKEJTIYHOTO IMy3BIPS IO TUIIOMOTOPHOMY THITY BbISIB-
JITeTCS TIPU TIPOJIAIICE MUTPAJIbHOIO KJalmaHa B
59.8 % ciiyuaeB, pu JIOKHBIX XOPaX JIEBOTO KEJIy-
Jlouka — B 33.3% ciiydaeB. Y OOJIbHBIX C ITaTOJIOTHEHN
OpraHOB MMHIIEBAPEHUs U IIPOJIATICOM Yallie, 4eM 6e3
Hero, OOHAPYKUBAIOTCsA HEOCTATOYHOCTh KapIuH
(40-64.3 %), TPBI?KK MUIIEBOHOTO OTBEPCTHS Jra-
dparmel (14.0-45.2 %), aHOMIUU Pa3BUTHS JKETU-
HOrO my3bipsa (20—-52.7 %), monuxocurma (40—
84.6 %) [23, 24]. IlaniueHTHI ¢ AUCIIA3UEN CTpajia-
0T pa3HOOOPA3HBIMU U, KaK MPABUJIO, XPOHHUYECKHU-
MU 3a00JIEBaHUAMHU, CYIIIECTBEHHON MPUYNHOM pas-
BUTHS KOTOPBIX SIBJISIETCS HAapyIIEeHUE BIIUTETHU-
aJIbHO-CTPOMAJIbHBIX B3aWMMOOTHOILIEHUH IIPH BOC-
MaJIEHUH, KOTOPbIE PETYJIUPYIOTCS, B YaCTHOCTH, CU-
CTEMOH MECTHOTO HWMMYyHHTeTa. Ilo MHEHUIO
T.H. Jlebenernko, romuHupyioiei ¢dopmoii Helico-
bacter pylori-acconMupoOBaHHOTO TACTPUTA y STOTO
KOHTHUHTEHTa OOJIbHBIX SIBJISIETCS IAHTACTPUT CO
¢1ab0¥ WJIM yMEPEHHOU aTpOodHeEN CIIM3UCTON 060~
JIOUKHU TeJia Keayaka [23]. ¥V nmereit ¢ mpusHakamu
JIUCIUIA3UUM XPOHUYECKUH TacTPOAYOJIEHUT HMeeT
HEKOTOpPble KJINHUYECKHE OCOOEHHOCTU: HETHIINY-
Hasl, CTEpTas KJIMHUYECKas: KapTUHA, CKJIOHHOCTD K
TOPIIUIHOMY TeueHuto [18, 23, 25].

ITo maHHBIM psiZia ABTOPOB CHHAPOM COEIUHMU-
TEJIbHOTKAHHOU JIUCIIA3HMU C BBICOKOM YacTOTOM
(72 %) BBISAIB/ISIETCA Y ZIETEH ¢ TOUYEUYHOM MATOJIO-
rHei, B TOM YHC/IE C OCTPBIMH U XPOHHYECKUMU
nuesioHepPUTOM, IJIOMepPyIOHEDPUTOM, HHTEPCTU-
nuagbHbIM HedputoM. PaKTOPOM PHCKA PAa3BUTHS
OCTPOTO MHeJoHepPUTa MOTYT CIY’KUTh aHOMAJIMH
TKAHEBOU CTPYKTYPHI, IPOSIBJISIOIINECS CHIKEHHUEM
COoJlepsKaHUs OTAEIbHBIX BUIOB KOJIJIaT€Ha WJIN Ha-
pYILIEHWEM KX COOTHOIIEHUS. ECTh JaHHBIE O TeHe-
paIM30BaHHON HEMMMYHHON MeMOpaHOIaTHH, 00y-
CJIOBJIEHHOW TIPOTPECCUPYIONIEN  JlereHeparuei
KOJIJIareHa C MPEUMYIIEeCTBEHHBIM BOBJIEUEHHEM
TJIOMEPYJIAPHBIX 6a3aIbHBIX MeMOpaH. Y O0JIbHBIX ¢
HedPONTO30M HMMEIOTCS HapyleHus GopMUpOBa-

for the development of an acute pyelonephritis can
be tissue structure abnormalities manifested by a de-
crease in proportion of certain types of collagen or a
disturbance of their ratio. There is evidence of a gen-
eralized non-immune membranopathy caused by
progressive collagen degeneration with a predomi-
nant involvement of glomerular basement mem-
branes. Patients with nephroptosis have disorders in
the formation of elastic and collagen fibers with sec-
ondary degenerative changes in the latter. Pyelone-
phritis in these patients often occurs latently, with
little symptoms, manifests itself, as a rule, only by
urinary syndrome, is characterized by bilateral le-
sions and membrane-destructive processes [18, 26].
Hemorrhagic syndrome is one of the mesen-
chymal dysplasia manifestations, and therefore can
be considered within the framework of connective
tissue dysplasia syndrome. So, in mitral valve pro-
lapse, disturbances are found in different parts of the
hemostasis system: platelet aggregation function,
von Willebrand factor activity and the final stage of
blood coagulation. However, patients with prolapse
often show signs of hemorrhagic syndrome: frequent
nosebleeds, petechial-spotty skin rashes, excessive
bleeding of gums, prolonged bleeding when cut.
However, it should be noted that the relation-
ship between the external phenotypic signs of con-
nective tissue dysplasia and the morphological mark-
ers, and function of internal organs has been insuffi-
ciently studied. Questions concerning the frequency
and clinical significance of single minor develop-
mental anomalies; concerning combination of exter-
nal manifestations of dysplastic syndrome with the
nature and degree of involvement of the central and
autonomic nervous systems and internal organs in
the systemic pathology of the connective tissue; con-
cerning the clinical form of manifestations of inter-

nal organs lesions — these questions remain unclear.

CONCLUSION

Based on the above, it seems necessary to fur-
ther study the role of connective tissue dysplasia in
the formation and development of internal organs
diseases for the sake of its early diagnosis, clinical as-
sessment, prevention and treatment of related dis-
eases.
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HHA 2JIACTUYECKUX U KOJIJIAr€HOBBIX BOJIOKOH C BTO-
PUYHBIMU JUCTPOPUUECKHMU H3MEHEHUAMH I10-
cinequaux. [IuenonedpuTr y 3THUX HAlMEHTOB valle
NIpOoTeKaeT CKPHITO, MaJIOCUMIITOMHO, IIPOABJIAETCH,
KakK IIpaBUJIO, JIMIIb MOYEBBIM CHUHAPOMOM, Xapak-
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TEPU3YETCsI IBYCTOPOHHOCTHIO MOPAYKEHUA U MeM-
OpaHOJECTPYKTUBHBIMU IIporieccamu [18, 26].
I'emopparuueckuii CHHAPOM SIBJISETCA O/I-
HUM W3 TIPOSBJIEHUH Me3eHXUMAaJIbHbBIX TUCILIA3UI
U, CJIeJIOBATEIbHO, MOXKET paccMaTPUBAThCA B paM-
KaX CHHJIPOMA JUCIUIA3UU COEIMHUTETbHON TKAHMU.
Taxk, mpu mpoJiarnce MUTPAJIbHOTO KyIamaHa obHapy-
JKUBAIOTCS HAPYIIEHUS B Pa3HBIX 3BEHBAX CHUCTEMBI
remMocTasa: arperaruoHHON QYHKIIUM TPOMOOITU-
TOB, aKTUBHOCTH (pakTopa BusiebpaHyia u KoHeU-
HOM 3Talle CBePThIBaHUA KpPOBHU. BmecTe ¢ Tem y ma-
[MEeHTOB C IIPOJIATICOM HEPEKO BBISABJIAIOTCS IPU-
3HAKU reMOPPAarunyecKoro CHHAPOMA: YacThle HOCO-
Bble KPOBOTEUEHUs, IeTeXUATbHO-IISATHHUCTBIE BBI-
CBIIIAHUSA HAa KOXKe, MOBBIIIEHHAss KPOBOTOUUBOCTH
JleceH, JUTNTeIbHOe KPOBOTeUeHNe IIPU Iope3ax.
OnHako HEeOOXOAMMO OTMETUTh, YTO B3aUMO-
CBSI3b MEXKIY BHENIHUMH (DEHOTHITMYECKUMH IIPHU-
3HAKAMU COEJUHUTETbHOTKAHHOMN JAUCIUIA3UU U 0CO-
O6eHHOCTAMU MOPGOJIOTHH U (PYHKIIUU BHYTPEHHHX
OpraHOB U3y4yeHa HefocTaTouHO. OcTaroTesl HesCHbI-
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MU BOIIPOCHI O YaCTOTE U KJIMHUYECKOH 3HAYUMOCTU
OT/ZIETPHBIX MAJIbIX AHOMAJIUH Pa3BUTHUs, O COUeTa-
HUY BHEITHUX MPOSIBJIEHUN JIUCILIACTUYECKOTO CHUH-
JIPOMa C XapaKTepOM U CTEIEHBIO BOBJIEUEHHOCTHU
[IEHTPAJIbHOW W BETreTaTUBHOH HEPBHOU CUCTEM U
BHYTPEHHHUX OPraHOB B CHCTEMHYIO IIaTOJIOTHIO COe-
JINHUTEJILHOW TKaHU; O KJIMHIUYECKO! (opMe IIpOosiB-

JIEHUH MTOPasKEHUU CO CTOPOHBI BHYTPEHHUX OPTaHOB.

3AKJ/IIOYEHME

Vcxo/ist U3 U3JI0KEHHOTO BHIIIE, TIPE/ICTABIIsIEeT-
cs1 HeoOXOTUMbBIM JlajIbHElIIIee U3yUeHHe POJIH JIUC-
ITA3UH COETUHUTETHHON TKAaHU B GOPMHUPOBAHUH U
pasBuTHH 3a00JI€BaHUN BHYTPEHHHUX OPTaHOB C Iie-
JIbI0 PaHHEH ee JUArHOCTHUKH, KIMHUYECKOH OIeH-
KU, MPOQUIAKTUKY U JIEUEHUS CBSI3aHHBIX C HEH 3a-
6os1eBaHU.

KoH@aukT nHTEpecoB. ABTODHI 3afABJAIOT
00 oTCyTCTBUY KOH(DIINKTA UHTEPECOB.
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CBEJAEHUA NJId ABTOPOB

TPEBOBAHUA K IIPEJOCTABJIEHUN IO
MATEPHAJIOB JJIA IIYBJINKAIIN N

B JOURNAL OF SIBERIAN MEDICAL
SCIENCES

B Journal of Siberian Medical Sciences (manee —
JSMS) ny6IuKyI0TCSI HayYHbIe 0630pbI U CTaThH IO
MEIUIMHCKHUM HayKaM, IIOJITOTOBJIEHHBIE TI0 MaTe-
pUasiaM OpUTHHAJIBHBIX HAyYHBIX HCCJIEI0OBAHUM.
JSMS BBIXOAUT 4 pasa B TrOf,.

TpeboBaHUs, MPeABIABIAsAEMble K MyOIUKaIIM-
saM B JSMS, chopMyIupOBaHbI ¢ yueToM TpeboBa-
HUU, TPETbABJISIEMBIX K PEIEH3UPYyEMbIM HAyYHBIM
W3IAaHUAM, B KOTOPBIX JIOJI3KHBI OBITH OIyOJTUKOBA-
HbI OCHOBHBIE HAyuHBbIE PE3yJIbTaThl JUCCEPTAIUN
Ha COMCKAHWE YYEeHOU CTEIleHHW KaHJuaaTa U JIOK-
TOpa HayK.

CraTbu, OTIIpAaBJIEHHbIE aBTOPAMH B JIPyTHE U3-
JlaHusA 1/UIU HalledaTaHHbIE paHee B HUX, K OIy-
OJITMKOBAaHUWIO HE TPUHUMAIOTCS.

I[Ipy omnucaHWM HAYYHO-HCCJIETOBATETbCKUX
KJIMHUYECKUX PabOT ¢ TPUBJIEYEHHEM UYeJIOBEKa
B KauecTBe 00hEKTA KMCCJIEIOBAHUS aBTOPHI JOJIK-
HBI YKa3aTh, COOTBETCTBOBAJIM JII OHU MEXK/IyHa-
POIHBIM M POCCUHCKHM 3aKOHOJIATEJIbHBIM aKTaM
0 IOPUJIMYECKUX U DTUUECKUX MPUHITUIIAX MEeTUKO-
OMOJIOTHYECKUX UCCJIeTOBAHUH Takoro poza. He mo-
IyCKAeTCs WCIOJIb30BaHUEe (DaMUJINH, WHUIINAJIOB
0OJIPHBIX M HOMepPOB ucropuil 6ose3uu. [Ipu omnu-
CaHUM SKCIIEPUMEHTOB Ha >KMUBOTHBIX HEOOXO/IH-
MO yKa3aTh, COOTBETCTBOBAJIO JIX COJIEPKAHUE U UC-
T0JIb30BaHUE JTAO0OPATOPHBIX JKUBOTHBIX IIPABUJIAM,
MPUHSTHIM B yUPEKJIEHUH, PEKOMEH/IAIUAM HallH-
OHAJIBHOT'O COBETA II0 HUCCJIEIOBAHUAM, HAI[LIOHAIb-
HBIM 3aKOHAM.

ABTOpCKUE ITpaBa cOOJIIOIAI0TCS B COOTBETCTBUH
¢ I'paxkganckuM KoziekcoMm Poccutickoit ®eepamun
(4. 4) ¥ APYTUMH JIEUCTBYIONIUMUA HOPMATHBHBIMU
JIOKyMeHTaMU. ABTOPBI HECYT MOJHYIO0 OTBETCTBEH-
HOCTb 3a COJIEp>KaHUe CTaTewn.

B penmakuuioo JSMS aBTOpHI JIOJIKHBI TIPEIOCTA-
BUTb:

1) 5/1eKMpPOHHYK 8epcurd cmambvu, IMOATOTOB-
JIEHHYIO B COOTBETCTBUH € TPeOOBAHUAMHU K 0(POpM-
JIEHUIO CTaTel, N3JI0’KEHHBIMU HUXKE;

2) opu2uHa/ cmambsu B TIEYaTHOM BH/IE C YKa3a-
HHUEM FOpo/ia, AaThl, GaMHUJINH C TIO/IITHUCHIO KaK0TO
aBTopa (Ha IocJie/THeH CTpaHullEe), BU30H «B meuatn»
U MOANHUCHI0 (Ha TEPBOU CTPAHWUIIE) 3aBEAYIOIIETO
kadeapoi NI UHOTO IOJI>KHOCTHOTO JIUIA OPTaHU-
3aruu, Ha 6a3e KOTOPOH BBITIOJTHEHO HUCCJIE/IOBAHUE.

ABTOPBI IIPEIOCTABJISIIOT CTAThU B PEIAKITAIO JIMUHO
WJIH TI0 TIOUTE;

3) coenacue Ha TyOJUKAIUIO cTaTbu B JSMS
1 00pabOTKy IepCOHAJIbHBIX JIAHHBIX aBTOPOB (3a-
MTOJTHSIETCS KaK/IbIM aBTOpoM) (cM. Ha catite HTMY:
WWW.Nngmu.ru,/cozo/mos);

4) nnsa corpyaaukoB ®I'bOY BO HI'MY Muss-
npaBa Poccum (manee — HI'MY) — skcnepmuoe
3axarveHue OTAeaa KOOpAWHAIUU (defepabHbIX
IporpaMM, KOHKYPCHBIX TPOEKTOB U WHHOBAITHOH-
HOTO Pa3BUTHsA YIIPABJIEHUS 10 HayKe, MHHOBAIIU-
sam u nabopmaTtuzanuu HI'MY (em. www.ngmu.ru);
JIJIsl CTOPOHHUX aBTOPOB — HANpAs/ieHue Ha ony-
6auxosaHue Ha GUPMEHHOM OJIaHKe OpraHU3aIluH,
Ha 0a3e KOTOPOU BBIIIOJIHEHO OPUTHUHAJIPHOE HAyd-
HOE HCCJIeJIOBAaHUE, 32 IOAIHCHI0 OTBETCTBEHHOTO
JIOJI3KHOCTHOTO JIUTIA.

IIPABUJIA O®POPMJIEHU A
PYKOIIUCEM

1. TexcT cTarpu HabUpaeTcs B TEKCTOBOM PeTaK-
tope Microsoft Word, Open Office u ap., Bce noss
2 cMm, mpudt Times New Roman, kermp 12, mMex-
CTPOYHBIN UHTEPBAJ 1,5. TeKCT cTaThul HEOOXOAUMO
HaINpaBUTh B peflakiuio JSMS B BUJlEe OT/EILHOTO
¢daiina ¢ ykazanuem OO mepBoro aBTopa — IBa-
HoB WL.U. Tekct.doc. Jlomyckaercst oTipaBka ¢aiios
B dhopmarax doc, docx.

2. ®1O aBTOpPOB HAOWPAETCA CTPOYHBIMH OyKBa-
MU KyPCHBOM Ha PYCCKOM f3bIKe. VIHUIMaIIbI IOMe-
matoTesa nepes hbamuiauel apropa. IlopAamok, B KOTo-
poM OyAyT yKasaHbl aBTOPbI, OMPEIEIAETC UX CO-
BMECTHBIM DellleHUEeM.

3. Topon u HazBaHme MecT PabOTHI aBTOPOB
0hOPMJISIOTCSI CTPOYHBIMU OYKBaMH KYpPCHBOM
Ha PYCCKOM sI3bIKE.

4. CraThs I0JXKHA COZIepKaTh AaHHOTAIIUIO HA pycC-
CKOM fI3bIKe. B aHHOTAIINH JTOJIKHBI OBITH N3JI03KEHbI
LIeJIU UCCJIEIOBAHM I, OCHOBHBIE ITPOLIE/TY PbI, PE3YJIb-
TaThl OPUTUHAJIBHBIX UCCJIEZIOBAHUN U BBIBOALL. 1oz
aQHHOTAllMed IOMeIaeTcsl IMOA3arosoBok «Kiroue-
BBIE CJIOBA», IIOCJIE HETO JI0 10 KJIIOUEBBIX CJIOB WU
KOpOTKUX (pas, KOTOpble OyAyT CIOoCOOCTBOBATH
MPaBUJIbHOMY WH/IEKCUPOBAHHUIO CTAaThbU B IIOHC-
KOBBIX CHCTEMAaX U CHCTeMaX ITUTUPOBAHUSA. AHHO-
TaIUI0 HEOOXOIMMO HAIPaBUTh B pefakmuio JSMS
BMECTE C TEKCTOM CTAaThU B BHUJIE OT/IEJIbHOTO (haiiia
¢ ykazauuem OO nepsBoro aBropa — MBanos M.N.
anHotanus.doc. Tak:ke IPeOCTABIISAIOTCS CBEIEHU S
0 KaXKJOM W3 aBTOPOB: (GaMUJINA, UM, OTUECTBO
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(ITOJTHOCTBIO HA PYCCKOM fI3BIKE U B TPAHCIUTEPA-
[IMH), yUeHble 3BaHU U YUeHas CTENEHb, IOJIXKHOCTD,
MecTo paboThl, pabouuii TesiedOH U aJIpec JIEKTPOH-
Ho# noutsl (e-mail). CBegeHnsa HeOOXOAUMBI 1151 00-
paboTku nmybsukanui B 6a3e TaHHBIX PocCHICKOTrO
WH/IEKCA HAYYHOTO IUTHUPOBAHUS U JPYTUX CHUCTE-
MaX IIUTUPOBAaHUA. AHHOTAIIWs, KJIIOUEBBIE CJIOBA,
nH(poOpMaIus 00 aBTOpax U Ha3BaHUE YUPEK/IeHUN
JIOJI’KHBI OBITh TaK)Ke IMPEIOCTaBJIeHbl HA aHIVIMN-
CKOM sI3bIKE.

5. TabuIrel MOMeEIAITCS B TEKCT cTaThu. Ta-
GJIUIBI JIOJIKHBI OBITH IPOHYMEPOBAHBI IOCJIEZO-
BaTEJIbHO B COOTBETCTBUU C MOPSAAKOM, B KOTOPOM
OHU YIOMHHAIOTCA B TeKcTe (Hampumep, Tabi. 1,
Tabyu. 2 U T. 71.).

6. PrCyHKU BCTaBJIAIOTCA B TEKCT CTAThU, A TaK-
JKe IIPEJIOCTABJIAIOTCS B BHJIE OT/AETbHBIX IPOHYMe-
poBaHHBIX (daiiyoB ¢opmaTa .jpg unu .gif ¢ paspe-
eHueM He MeHee 300 dpi. PUCYHKU JTOJZKHBI OBITH
KOHTPACTHBIMHU M YETKUMH, OYKBBI, UMPBI U CUM-
BOJIBI HA HUX JIOJIKHBI OBITh Pa3JIMINMBbI. PrcyHKa-
MU CYUTAIOTCA I'padUuKy, peHTreHorpaMMbl, GhOTo-
rpadun unu JoOble Apyrue rpadudeckue oObek-
ThI. oTorpaduu yoiel He TOKHBI ObITH Y3HABae-
MBIMH, JTUOO0 K HUM JIOJIKHO OBITH ITPUJIOZKEHO ITHCh-
MEeHHO€e pa3pellleHre Ha UX IMyOJIuKanuo. PucyHku
JIOJKHBI OBITh NMPOHYMEPOBAHBI IOCJIEIOBATETHHO
B COOTBETCTBUU C MOPAJAKOM, B KOTOPOM OHHU BIIEp-
BbI€ YIIOMUHAIOTCS B TEKCTE — PHUC. 1, PUC. 2 U T. [I.
IMoamucy pasMerialTcs B TEKCTE IO PUCYHKAMU.
B moxmmucsax k MukpodoTorpadusiM yKas3bIBaeTCs
CTeIleHb YBeJTMYEHU U CII0COO OKPACKH.

7. B TeKCcTe cTaThU UCIOJIB3YIOTCS CIIEYIOIINE 3a-
TOJIOBKU: BBeJIEHUE, IIeJIb MCCJIEZIOBAHUS, MaTepua-
JIBI I METOJIBI, PE3YJIbTAThI K 00CYK/IEHUE, 3aKTIOUe-
HUe, CIIHCOK JINTePaTyPhI.

8. Hlcnonb3yoTes TOJIBKO CTAaHZAPTHBIE OOIIe-
NIpUHATHIE COKpaleHus (ab6pesuartypsl). He mpu-
MEHSIOTCs COKpAIlleHUsi B Ha3BaHUU cTaThu. [loji-
HBIU TEPMUH, BMECTO KOTOPOT'O BBOAUTCS COKpalle-
HUe, OJKEH IPEIIEeCTBOBATh IEPBOMY HCIIOJIH30-
BAHUIO TOTO COKPAIIIEHUS B TEKCTE.

9. O6sI3aTeIPHO HAJIMYUE CIHCKA JIUTEPATYPBL.
Bubnnorpadudeckue CChIIKY B TEKCTE CTATHU IAI0T-
cs apabckumu mudpaMu B KBaJIpaTHBIX CKOOKAaxX, B
IIOJTHOM COOTBETCTBUY C HyMepaIllel CIIUCKA JIUTe-
paTypbl. CChLIIKH B TEKCTE CTATHH J0JI’KHBI JaBAThCS
MOCJIEZI0BATEIBHO 10 Bo3pacTtaHumo: [1]...[2]...[3]... »
T. 7. Pa3BepHyTOE ONMICaHNEe HCTOYHUKA B CITHCKE JIH-
TepoaTypsl npegocrasisaoTes no I'OCT 7.0.5-2008.
Croucok JiuTepaTyphl JIOJIKEH CofepKaTh Iy0siu-
Kalu¥ 3a IOcJefHue 5 JeT. B chucke JuTepaTyphl
Bce HHGOPMAIIMOHHBIE HCTOUHUKY ITEPEUHCIIAIOTCS
B IIOPSI/IKE UX ITUTUPOBAHUS.

10. Pemaxnusa JSMS Geper Ha cebst mpucBoeHNE
KaKJIoi my6sukyemoi cratbe HoMepa Y/IK u ocy-
IIIeCTBJIEHIE TOJTHOTO IePEBO/IA CTAThU HA aHIJIMH-
CKUU A3BIK.

11. CTaThy, HE COOTBETCTBYIOIINE YKA3aHHBIM pe-
JIaKIed TpebOBaHUAM, K ONMYOJIMKOBAHUIO He IIPH-
HUMAIOTCA.

IMMOPAAJOK PEIEH3MMPOBAHUA
PYKOIIUCEM, IPUHUMAEMBIX
AJA ITIYBJINKAIINN

1. Pykomnucu crared, HOCTyIUBIINX B pPeJaKIIUIO,
HAIIpaBJIAIOTCA JJIs PEelleH3UPOBaHUA 4YJeHaM pe-
JIAKITIOHHOTO COBETA C ILIeJIbI0 UX HKCIEPTHOU OlleH-
K{ Ha IpeAMeT COOTBETCTBUsA TpeboBaHUAM JSMS
u Bplcuiell arTecTaniMOHHON KOoMHCCUU ITpu MuHU-
cTepcTBe 00pa3oBaHusA U HayKu PO.

PerteH3eHTB! yBEeZOMJIAIOTCA O TOM, YTO B LIEJIAX
obecrieyeHNs1 aBTOPCKUX U JIPYTHX HENMYIIECTBEH-
HBIX [IPAaB IPUCJIAHHbIE PYKOIIMCH He TIOJJIeKaT pas-
IalleHNI0, KOIIMPOBAHUIO, paclpocTpaHeHuo. Pe-
[IeH3UPOBaHUe IIPOBOJIUTCA AaHOHUMHO.

IIpu oTka3e B HaIIpaBJIeHUU Ha pelleH3upOBaHue
Ipe/icTaBJIEHHON aBTOPOM PYKOIIMCH peJlaKIvs Ha-
IIpaBJjisieT aBTOPY MOTHUBUPOBAHHBIN OTBET B 3JIEK-
TPOHHOM BUJIE.

Pepaknusa >kypHasia 10 NHCbMEHHOMY 3aIlpoCy
HaIlpaBJiseT aBTOpaM pelleH3UN Ha I[OCTyIHBIINE
MaTepUasIbl B 3JIEKTPOHHOM BH/Ie. ABTOPBI 00s3aHbBI
y4ecTh 3aMeYaHUs PeleH3eHTOB U BHECTU B CTaThIO
COOTBETCTBYIOIIYE UCIIPABJICHU S UJIU IIPEJIOCTABUTD
MOTHUBHUPOBAHHBIA OTBET O HECOIVIACUU C 3aMeYaHU-
SIMU pelleH3€eHTa.

PepaknmonHas KoJjlerus IpUHUMAET pelleHne
0 BO3MOXKHOCTH IIyOJIMKAIIMY CTATHH WJIH OTKJIOHS-
eT e€ 110 pe3yJIbTaTaM pelleH3UPOBaHUA.

Peniensuu xpaHATCA B pefaKLiuU JKypHaJa B Te-
JeHue 5 JIET C MOMEHTA Iy O TMKaTIIH.

2. Peflakiiuieii He JIOMyCKAIOTCA K ITyOJIMKAIIAN:

— CTaThH, TEMAaTHUKA KOTOPBIX HE COOTBETCTBYET
Hay4HOMY HallpaBJIeHUIO XKy pHaJIa;

— CTaThb{, aBTOPHl KOTOPBIX OTKAa3bIBAIOTCH
OT TEXHUYECKOU JIOpabOTKYU CTaTel;

— CTaTbhbU, aBTOPBI KOTOPHIX He BHECIIU KOHCTPYK-
TUBHBlE 3aMeYaHHs pelleH3eHTa B TEKCT CTaTbu
U He IpeI0CTaBUIIN MOTHBHUPOBAHHBIN OTBET O HECO-
IJIaCUU C 3aMeYaHUAMHU pelleH3eHTa.

B ciryuae OTKJIOHEHU CTaThU peJaKIIis HAIIpaB-
JIsIeT aBTOPY MOTHUBHPOBAHHBIN OTKa3. Pepakius
JSMS He XpaHUT PYKOIUCH, HEe IPUHATHIE K ITeYaTHU.
Pykomvcy, NpuUHATHIE K IyOJIMKalUK, HE BO3Bpa-

LIAIOTCA.
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