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Yb-cnekrpodoromerpudeckoe onpeaeaenue ouc-[3'(3,5-au-rper-
OyTII-4-TUAPOKcHU(eHII)Iponi|cyabduaa u goaenmni(3,5-
TUMETWI-4-TUAPOKCUOEH3 ) cyIbduaa

IMunko T.I'., TepentreBa C.B., IBanoBckasa E.A.

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

Uv spectrophotometric determination of bis-[3’(3,5-di-tret-butyl-
4-hydroxyphenyl)propyl]sulfide and dodecyl(3,5-dimethyl-4-
hydroxybenzyl)sulfide

Shinko T.G., Terentyeva S.V., Ivanovskaya E.A.

Novosibirsk State Medical University

AHHOTAIIUA

Buc-[3'(3,5-1u-TpeT-0yTHia-4-ruApokcud e nponualcyabbus U AoAenui(3,5-IUMeTHII-4-TUAPOKCUOEH3IT)
cynbbum — GeHoTbHBIE CEPOCOiepIKATIIe AHTUOKCUIAHTHL. 1]eJ1b HACTOSINETO UCCIIEZIOBAHNS — pa3paboTKa CIeKTPO-
boToMeTprUeCKUX METOAMK /IJIsl YCTAHOBJIEHUS TOJJIMHHOCTH U KOJIMYECTBEHHOTO OIPE/IESIEHUS ATUX cyOcTaHui. B
XO/Ie BJIUJAIINU METOAUKU MOCTPOEHBI KaJTMOPOBOYHbIE TPAaUKH JIJIS1 OIEHKU JIMHEWHOCTH B Ualla30He KOHIIEHTPA-
oui 0.001-0.01 % s 6uc-[3'(3,5-1u-TpeT-0yTHia-4-rugpokcudeHumnponuwilcyibduna U1 0.0005—-0.005 % — as
nmonenui(3,5-IMMeTUI-4-THAPOKCuOeH3um)cyabbuna. Koabdunuent xoppensnuu ais 6uc-[3'(3,5-Au-TpeT-0yTHI-4-
TUIPOKCUDEHUIT)TPOITIII]CYyTb(HIA COCTABUI 0.999, /TSI AOAEINII(3,5-TUMETHII-4-TUIPOKCUOEH3 M) cy1bdua — 0.996;
pe/ies1 00HAPY>KEeHU I, PACCUMTAHHBIH C TOMOIIBIO JJAHHBIX KAJTUOPOBOUYHOTO rpaduKa, COCTABUII 3.14 - 10751 3.75 - 1075 %,
IpeJiesl KOJIMYECTBEHHOTO O0HApY»KeHUsI — 0.00103 U 0.00108 % s 6uc-[3'(3,5-Au-TpeT-0yTHII-4-TUIPOKCU]PEH )
nponui]cynbduaa u oaenui(3,5-IMMeTHI-4-THPOKCUOEH3WT)CY Ib(HIa COOTBETCTBEHHO. BesinurHa OTHOCUTETHHOTO
craHapTHOrO oTKJI0HeHHsI (RSD) pH OIleHKe MPEeIU3UOHHOCTH 00€UX METOIMK He IIPEBBICHIIA IOMYCTUMBIX 2 %.

Takum 06pa3om, pazpaboTaHHbIE METOAUKHA MOTYT HCIIOJIb30BAThCS /IJIsI YCTAHOBJIEHUSI TTOIJTMHHOCTH U KOJIMYe-
CTBEHHOTO onpezeneHus ouc-[3’(3,5-1u-TpeT-0y THI-4-TUAPOKCUPEH ) TPONUII]cyabduia u 1oenui(3,5-IuMeTHI-4-
TUAPOKCUOEeH3MIT)cyIbbua.

Karoueewvte caosa: cuiekTpodhOTOMETPH S, AHTUOKCU/IAHT, BAJTU/AINS METOUKH.

ABSTRACT

Bis-[3’(5-di-tret-butyl-4-hydroxyphenyl)propyl]sulfide and dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide are new
phenolic sulfur-containing antioxidants. The purpose of this study is to develop spectrophotometric techniques for es-
tablishing the authenticity and quantification of these substances. During the validation of the procedure, calibration
graphs were constructed to assess linearity at concentrations ranging from 0.001 to 0.01% for bis [3’(3,5-di-tret-butyl-
4-hydroxyphenyl)propyl]sulfide and from 0.0005 to 0.005% for dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide. The
correlation coefficient for bis-[3’(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]sulfide was 0.999, for dodecyl(3,5-dimethyl-
4-hydroxybenzyl)sulfide — 0.996; the detection limit calculated using the calibration graph data was 3.14 - 1075 and
3.75 * 1075%, the limit of quantification was 0.00103 and 0.00108% for bis-[3’(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]
sulfide and dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide respectively. The value of relative standard deviation (RSD) in
assessing the precision of both methods did not exceed the permissible 2%.

Thus, the developed methods can be used to establish the authenticity and for the quantification of bis-[3’(5-di-tret-
butyl-4-hydroxyphenyl)propyl]sulfide and dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide.

Keywords: spectrophotometry, antioxidant, method validation.
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BBEJAEHWE

Buc-[3'(3,5-11-TpeT-0y THII-4-TUAPOKCUDEHIIT)
nponwilcynbdun  u goaenu(3,5-AUMeTHII-4-
TUAPOKCUOEH3WT)Cyab(ua — (EeHOTbHBIE CEPOCO-
JlepKallie aHTUOKCHAAHTHI, pa3paboTaHHBIE HA
kadenpe opranmyeckorr xumuun OI'BOY BO «Ho-
BOCUOUPCKUH TOCYZApPCTBEHHBIA I€TATOTHYECKUI
yHuBepcuTeT» coMecTHo ¢ PI'BYH «HoBocubup-
CKU{ WHCTUTYT Opranmdeckod xmmunm um. H.H.
BopoxiioBa» CO PAH. IlpenBaputesibHble HUCHBI-
TaHUA TOKa3ayu, 4yTto Owuc-[(3,5-Au-TpeT-0yThi-4-
TUAPOKCUbEHUIT) Tponui]cynbbus u 1oaenui(3,5-
JIIMETHJI-4-THAPOKCUOEH3UIT)CYTbOUT C1oco6-
HBl HEUTPAIN30BaTh CBOOOJHBIE PAZUKAJIBI B OP-
raHu3Me 4YeJsoOBeKa, H30BITOK KOTOPBIX YTHETaeT
3alUTHbIE (PYHKIUU WUMMYHHOU CHUCTEMBI, IIPHU-
BOAUT K TOBPEXIEHUIO KJIETOK U IIPENATCTBYET
UX BOCCTAHOBJIEHHIO; AKTUBUPYIOT PpereHepaTop-
HbBIE TIPOIECCHl HA KJIETOUHO-MeMOPAaHHOM YPOB-
He U ABJAITCA 3OGEeKTUBHBIM HHAYKTOPOM KJIIO-
4yeBbIX (epMeHTOB GuoTpaHcdopmanuu. Ha ocHo-
BaHUM YKAa3aHHBIX CBOUCTB IPEZIIOJIaTaeTcs BO3-
MOoKHasi  3(pQdeKTuBHOCTh  Ouc-[3'(3,5-1u-TpeT-
Oy THII-4-TUIPOKCUOEH3UI) IPOTUII]cyIbbuma u
nozenui(3,5-TUMeTHII-4-THIPOKCHUOEH3UII) CYIIhb-
duma npu KOMITJIEKCHOM JIEYeHU U T0OPOKAYECTBEH-
HBIX (MHOMBI, GUOPOMBI, JTUITOMBI U IP.) ¥ 3JI0KaUe-
CTBEHHBIX (PaK MOJIOUHOH JKeJIe3bl, JIETKUX, Iede-
HU 4 Ap.) HOBooOpa3oBaHUi, 3a601eBAaHUI TIEUeHHU
(remaTUThI, IUPPO3BHI), BOCIAIUTETBHBIX ITPOIECCOB
(racTpuT, IyOIEHUT, XOJIEIUCTUT U AP.), UIIEMITJe-
ckoit 6osie3nu cepzna. Takum ob6pasom, 6uc-[3'(3,5-
IU-TPEeT-0yTUI-4-TUPOKCU(EHUT) TPOIUI]|CYTb-
bunx u momenua(3,5-AUMETUI-4-TUAPOKCUOEHBHIT)
cynbdua MOTYT paccMaTpPUBAThCS B KadecTBe IEp-
CIIEKTUBHBIX JIEKAPCTBEHHBIX CyOCTaHIIUH.

K kauecTBy (apmaneBTHyecKux cyOCcTaHIIHN
MIPeIbABIISAIOTCS Cepbe3Hble TPebOBaHMs, KOTO-
pble peayu3yloTcs B BUJle KOMILJIEKCHOM CTaHap-
TH3AIUH CYOCTAaHIHMI IO Pa3JIMYHBIM IIOKa3are-
JISIM, TAKUM KaK MOJJINHHOCTD, PACTBOPUMOCTbD, KO-
JINYECTBEHHOE OIIpeJieyieHre, HaJlndyue IpHuMecel
u ap. CoOTBETCTBUE MPOU3BOIUMBIX CYOCTAHITHI
U JIEKapCTBEHHBIX IIPENapaToB CTaHAApTaM Kade-
CTBA TOATBEPIK/AETCS IIyTEM IPOBeZeHus apma-
[IEBTUYECKOT0 aHA/IN3a C IPUMEeHEeHUEM CIIeI[UaIb-
HO paspaboTaHHBIX MeTOomuK. [ys 6uc-[3'(3,5-mu-
TpeT-0y TUII-4-TUAPOKCUOEH3UII) TPOTUII|CyIh(u-
na U pojenui(3,5-TuMeTHII-4-THAPOKCUOEH3MIT)
cynbduma, Kak IMepPCHeKTUBHBIX (apMareBTude-
CKHUX cyOCTaHIIUH, ellle He YCTaHOBJIEHBI IapaMeTPhl
CTaH/IAPTU3AIUH U, COOTBETCTBEHHO, He pa3paboTa-
HBI METOJUKH, IIO3BOJISIONINE C HEOOXOUMOH CITel-
UPUYIHOCTHIO, TOYHOCTHIO U TPEITU3NOHHOCTHIO OIfe-
HUTDH KQYECTBO TAHHBIX CYOCTAHITHH.

INTRODUCTION

Bis-[3°(3,5-di-tret-butyl-4-hydroxyphenyl)
propyl]sulfide and dodecyl(3,5-dimethyl-4-hy-
droxybenzyl)sulfide are phenolic sulfur-containing
antioxidants developed at the Department of Or-
ganic Chemistry of Novosibirsk State Pedagogical
University in conjunction with the Novosibirsk In-
stitute of Organic Chemistry named after N.N. Vo-
rozhtsov. Preliminary tests showed that bis-[(3’(5-
di-tret-butyl-4-hydroxyphenyl)propyl]sulfide and
dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide can
neutralize free radicals in the human body, an ex-
cess of which inhibits the protective functions of
the immune system, leads to cell damage and pre-
vents their recovery; activate regenerative process-
es at the cell-membrane level and are an effective
inducer of key biotransformation enzymes. Based
on these properties, it is suggested that bis-[3’(3,5-
di-tret-butyl-4-hydroxyphenyl)propyl]sulfide and
dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide
may be effective in the comprehensive treatment of
benign (myomas, fibromas, lipomas etc.) and ma-
lignant (breast, lung, liver etc.) tumors, liver dis-
eases (hepatitis, cirrhosis), inflammatory processes
(gastritis, duodenitis, cholecystitis etc.), coronary
heart disease. Thus, bis-[3(3,5-di-tret-butyl-4-
hydroxyphenyl)propyl]sulfide and dodecyl(3,5-
dimethyl-4-hydroxypbenzyl)sulfide can be consid-
ered as promising drug substances.

Serious requirements are placed on the qual-
ity of pharmaceutical substances, which are im-
plemented in the form of a comprehensive stan-
dardization of substances with respect to various
parameters, such as authenticity, solubility, quan-
titative evaluation, presence of impurities etc. The
compliance of the produced substances and drugs
with quality standards is confirmed by pharma-
ceutical analysis using specially developed meth-
odologies. So far no standardization parameters
and, accordingly, no methods have been developed,
that allow to assess the quality of bis-[3’(3,5-di-
tret-butyl-4-hydroxyphenyl)propyl]sulfide and
dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide, as
promising pharmaceutical substances, with neces-
sary specificity, accuracy and precision.

AIM OF THE RESEARCH

Selection of spectrophotometric conditions for
the quantitative determination and authentication
of bis-[3'(3,5-di-tret-butyl-4-hydroxyphenyl)pro-
pyllsulfide and dodecyl(3,5-dimethyl-4-hydroxy-
benzyl)sulfide. The method of spectrophotometry
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IIEJIb ICCJIEIOBAHUA

ITon6op crIeKTpoPOTOMETPHUUECKUX YCIOBHUH
JUIS KOJTUYECTBEHHOTO OIPEJIeJIEHUSI U yCTaHOBJIE-
HUA TOJJIMHHOCTH Ouc-[3'(3,5-1u-TpeT-0yTHii-4-
TUIPOKCUOEH3MI) MPONWI|cybduaa U AOAEIHI
(3,5-TUMeTHII-4-TUAPOKCUOEH3WI)cyabduma. Me-
TOJ| CIIeKTPOOTOMETPUU B YABTPAPHOIETOBOM /TU-
amazone (Y®-cuexktpodoromerpun) ObLI BBHIOPAH,
TIOCKOJIbKY SIBJISIETCS HAJIEKHBIM U B TO 7K€ BpEMs
IIPOCTHIM B HCIIOJIHEHUH. KpoMe TOro, aHam3 Xu-
MHYECKOU CTPYKTYPBI HCCIEAYEMBIX CYOCTaHITUH
MOKa3aJ1 BOBMOKHOCTb ITPUMEHEHU ST JTAHHOTO METO-
Jla B UX (papMaIneBTHYECKOM aHAJIU3E.

MATEPUAJIBI 1 METO/AbI

Ilpubop. CrekTpbl TMOIJIOIIEHUS U 3HAUEHUS
ONITUYECKOHN IIJIOTHOCTH IIOJIYYEHBI HA OFHOJIyYe-
BOM AaBTOMAaTH3HMPOBAHHOM CIEKTPOdOTOMETpE
C®d-56 (OO0 «OKB Criektp», Poccus).

Mamepuaavl. B xauecTBe 0OBEKTa HCCIIENO-
BaHUs WCIIOJIb30BAJIIM 00pasIpl cybcTaHIME Ouc-
[3'(3,5-mu-TpeT-6y THII-4-THAPOKCUGDEHUII) TPOITHII]
cynbduna cepun 54050 W AOAENMII(3,5-AMETHII-
4-rugpokcudeHmwn)cynbduna cepud 53280, Ipeno-
craByienasie HUU xumun antrokcuganTos (HoBocu-
OupCK). /1711 IPUTOTOBJIEHIS PACTBOPOB HUCCIIEYEMOM
CyOCTaHIIMM HCIIOJIB30BAJICS CIIUPT STUJIOBBIA 95%.

Baaudayus aHaaumuueckoti memoouxu. B pam-
KaXx BaJIUIAI[UN pa3pabaThIBAEMbIX METOIHK IIPOBO-
J1jIach OIeHKa UX CHeNU(pUIHOCTH, IPEIU3NOHHO-
cTH (TIOBTOPSAEMOCTH), JIMHEHHOCTH, IPABUJIBHOCTH,
IIpe/IeIoB OOHAPYKEHUS U KOJIMYECTBEHHOTO OIIpe-
nesieHus [1, 2]. Banuganuio MeTOANK IPOBOAUIIN B
COOTBETCTBUHU C 00miell (papMakomelHOH craThei
(O®C) 1.1.0012.15 «Bayuganus aHAJIUTHUYECKUX Me-
TOIHUK», 00pabOTKY pe3yJIbTaTOB — B COOTBETCTBUU
¢ O®C 1.1.0013.15 «Cratuctuueckas ob6paboTka pe-
3YJIBTATOB XUMUUECKOTO SKCIIEPUMEHTa» [1].

IIpn omeHke cnenquUPUUHOCTU METOAUK
cpaBHUBAJUCH yiabrpaduoseToBble (Y®) crexTphbl
PpacTBOPOB HCCIIEAYEMBIX CyOCTaHIINH U YO-CIIEKTPHI
SKBUBAJIEHTHBIX CMECEN pacTBOpUTesed Oe3 06aB-
JIEHUS UCCIIEAYEMBIX CyOCTaHIUN. YP-CIeKTp cMe-
cell pacTBOPUTEJIEH He NOJIKEH O0OHAPYKUBATh MaK-
CUMYMOB ¥ MUHHMYMOB IIOIVIOIIEHU I, XapaKTEePHBIX
Jisa  Y®-cekTpoB  6uc-[3'(3,5-AU-TpeT-0y THI-4-
TUJIPOKCUOEH3I)Tponii]cyrbduia u roaenuii(3,5-
IIUMETHUJII-4-TUJIPOKCUOEeH3UIT)CyIbhua.

[Ipenu3uoHHOCTH (HOBTOPSAEMOCTH/
cxoxuMocTh). OIEHHBAasOCh OTHOCUTEJIBHOE
craHzapTHOe oTKIoOHeHHe (RSD, %) Mex 1y pesysib-
TaTaMu 10 TOBTOPEHUH H3MEpPEeHHs OITUYECKOH
IJIOTHOCTH 0.005 U 0.002% pacTBopoB 0uc-[3(3,5-
IU-TPeT-0y TUII-4-TUAPOKCUOEH3UII) TPOITHII]CYIb-

in the ultraviolet range (UV spectrophotometry)
was chosen because it is reliable and at the same
time simple to perform. In addition, analysis of the
chemical structure of the investigated substances
showed the possibility of using this method in their
pharmaceutical analysis.

MATERIALS AND METHODS

The device. Absorption spectra and optical
density values were obtained on a single-beam au-
tomated spectrophotometer SF-56 (OKB Spectrum,
Russia).

Materials. As an object of research, we used
samples of substances of bis-[3’(3,5-di-tret-butyl-
4-hydroxyphenyl)propyl]sulfide series 54050 and
dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide se-
ries 53280 provided by the Research Institute of
Chemistry of Antioxidants (Novosibirsk). Ethyl al-
cohol 95% was used to prepare solutions of the test
substance.

Validation of analytical methods. As part of
the validation of the developed methods, their spec-
ificity, precision (repeatability), linearity, accuracy,
detection limits and quantitative determination
were assessed [1, 2]. The methods were validated
in accordance with the General Pharmacopoeial
Article (GPA) 1.1.0012.15 “Validation of Analytical
Methods”, the results were processed in accordance
with the GPA 1.1.0013.15 “Statistical Processing of
the Results of a Chemical Experiment” [1].

When assessing the specificity of the
methods, the ultraviolet (UV) spectra of the solu-
tions of the studied substances and the UV spectra
of equivalent solvent mixtures without adding the
studied substances were compared. The UV spec-
trum of solvent mixtures should not show the ab-
sorption maxima and minima characteristic of the
UV spectra of bis-[3’(3,5-di-tret-butyl-4-hydroxy-
phenyl)propyl]sulfide and dodecyl(3,5-dimethyl-4-
hydroxybenzyl)sulfide.

Precision (repeatability / conver-
gence). The relative standard deviation (RSD, %)
between the results of 10 replicates of the measure-
ment of the optical density of 0.005% and 0.002%
solutions of bis-[3'(3,5-di-tret-butyl-4-hydroxy-
phenyl)propyl]sulfide and dodecyl(3,5-dimethyl-4-
hydroxybenzyl)sulfide respectively was evaluated.
RSD should not exceed 2% [3].

To establish linearity, 10 solutions of the
test substance in 95% ethanol were prepared in
the concentration range of bis-[3’(3,5-di-tret-bu-
tyl-4-hydroxyphenyl)propyl]sulfide 0.001-0.01%
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dunma u noaenun(3,5-TUMETUI-4-TUIPOKCUOEHBHI)
cysibduaa cooTBeTcTBEHHO. RSD He J0/I’KHO ITPEBBI-
math 2 % [3].

JIJIs1yCTaHOBJIEHUSIT U H € H H O C T U OBLIN IPHU-
TOTOBJIEHHI 10 PACTBOPOB UCCIIEAYEMOU CYOCTAHITNH
B 95% BTHUJIOBOM CIIMPTE B JMAMIa30HE KOHIIEHTpPa-
nui ouc-[3'(3,5-1u-TpeT-0y THII-4-TUIPOKCU(D EHIUIT)
nponuilcynbduma 0.001-0.01 % u momenui(3,5-
JIIMETHJII-4-THAPOKCUOEH3UI)CYIbduaa — 0.0005—
0.005 %. KamubpoBouHbIi rpadUK MOCTPOUTH HA
OCHOBE JIJAaHHBIX W3MEPEHHBIX ONTHYECKHX IIJIOT-
HOCTEH PaCTBOPOB OTHOCHUTEJIBHO WX HOMUHAJIb-
HOHN KoHIeHTparnuu. OIEeHKY JUHEHHOCTU IIPOBO-
JUIA 10 3HAYEHHI0 KOo3(h@UIIUEHTa KOPPEISIIINU
(r = 0.990), pacCYUTAHHOTO 10 METO/TY HAMMEHBIITUX
KBa/[paToB.

[IpaBUJIBHOCTHh METOAUK KOJUUECTBEH-
HOrO ompezenenus 6uc-[3'(3,5-AU-TpeT-0yTHII-4-
TUIPOKCUDEHU) PO Cybduaa U Joenu(3,5-
JIUMETUII-4-TUAPOKCUOEH3 W) CyTbDHIa OIIeHU-
BaJlach Ha OCHOBAHUH COOTBETCTBHUS JIMHEWHOCTH
U TPENU3UOHHOCTH YCTAHOBJIEHHBIM KPUTEPUSIM
MIPUEMJIEMOCTH U CTaTUCTHYECKU HE3HAYUMOTO OT-
JIAYMsI CBOOOTHOTO UJIeHa ypaBHEH U TMHEHHOH 3a-
BUCHUMOCTH OT HYJIA [4, 5]

a<t(95%,n-2)-S, @

I7ie a — cBOOOAHBIN YIeH ypaBHEeHU A JINHEHHOU 3a-

BHUCHUMOCTHU;

t — xoadunuenT CTHIOZIEHTA;

95 % — OBepUTeIbHAS BEPOATHOCTD;

N — KOJIMYECTBO U3MEPEHUH;

S, — craHJapTHOE OTKJIOHEHHE CBOOOZHOrO
YJIeHa JINHEWHOH 3aBUCUMOCTH.

Ilpenen obuapyxeunus (IIO) u mpe-
el KOJHUYECTBEHHOTO OINpEeJleJeHUs
(ITKO) paccuMThIBAJIKCH JIJIsI 0OEUX UCCIIEyEMBIX
cybcTaHIIME Ha OCHOBE JIAHHBIX COOTBETCTBYIOIIE-
ro KaJuOpOBOUYHOTO rpaduka, COrJIaCHO ypaBHEHU-
am (2) u (3):

[0 =3.35y / a; 2
IIKO =108y / a, (3)

rze Sy — cTaHAapTHAs OIINOKA;
a — HAKJIOH COOTBETCTBYIOUIEH KaIuOpPOBOY-
HOH KPUBOI.

PE3YJ/IBTATDBI 1 OBCY:KJIEHUNE

B xoze pe1BapUTEIBHBIX HCCIIEOBAHUH OBLIIO
YCTaHOBJIEHO, YTO CIIEKTPHI IOIVIOIIEHUS B yJIbTpa-

and  dodecyl(3,5-dimethyl-4-hydroxybenzyl)sul-
fide 0.0005-0.005%. A calibration graph was con-
structed on the basis of the data of the measured
optical densities of the solutions in relation to
their nominal concentration. The linearity was es-
timated by the value of the correlation coefficient
(r = 0.990) calculated by the least squares method.

The correctness of the quantitative de-
termination of bis-[3’(3,5-di-tret-butyl-4-hydroxy-
phenyl)propyl]sulfide and dodecyl(3,5-dimethyl-4-
hydroxybenzyl)sulfide was evaluated on the basis
of linearity and precision compliance with the es-
tablished acceptance criteria and statistically insig-
nificant difference of the absolute term of the linear
dependence equation from zero [4, 5]

a<t(95%,n-2)-S, @

where a — absolute term of the linear equation;
t — Student’s coefficient;
95% — confidence coefficient;
n — number of measurements;
S, — linear standard deviation.

The detection limit (DL) and the
limit of quantitative determination
(L QD) were calculated for both studied substanc-
es based on the data of the corresponding calibra-
tion graph, according to equations (2) and (3):

DL =3.3Sy / a; 2
LQD =108y / a, (3)

where Sy — standard error;
a — slope of the corresponding calibration
curve.

RESULTS AND DISCUSSION

During preliminary studies, it was found that
the absorption spectra in the ultraviolet range
(230—300 nm) of solutions of bis-[(3’5-di-tret-
butyl-4-hydroxyphenyl)propyl]sulfide in various
solvents (95% ethyl alcohol, aqueous-alcoholic
solution of HCIl, aqueous-alcoholic solution of
NaOH) have the same structure and stable mini-
mum and maximum absorption (A ; =245 + 2 nm,
A..= 277 + 2 nm). Thus, for further studies of
bis-[3°(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]
sulfide, 95% ethyl alcohol was used as a solvent.
The absorption spectra in the ultraviolet range of
dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide in
various solvents (95% ethyl alcohol, aqueous-al-
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¢uoseToBoM nmamazoHe (230—300 HM) pacTBOPOB
ouc-[(3,5-1u-TpeT-0y THII-4-THIPOKCUDEHUII)ITPO-
nulcynbduia B pa3IMIHbIX pacTBOpUTENAX (95%
CIIUPTE 3THJIOBOM, BOJTHO-cIIpTOBOM pactBope HCI,
BOJIHO-cIIUpTOBOM pacTBope NaOH) nmeroT onuHa-
KOBYIO CTPYKTYPY U CTaOUIbHbIE MUHUMYM U MaKCH-
MyMIorjiomenus (A . =245+ 2HM,A_ =277+ 2HM).
Takum obpaszoM, /i1 JAJbHEUIINX HUCCIEAOBAHUI
6uc-[3'(3,5-1u-TpeT-0y THI-4-TUAPOKCUGDEHII)ITPO-
nuwi]cynbdua B KAaYeCTBE PACTBOPHUTENS HCIOJIb-
30BaIU 95% CIUPT ITUJIOBHINA. CHEKTPHI HOTJIONIE-
HUA B YIBTPAPHUOIIETOBOM AUATIA30HE AOAENH(3,5-
JIUMETHI-4-TUPOKCUpeHI)CyTbdUia B pas3add-
HBIX PACcTBOPUTEJIAX (95% CIIPTE STUIIOBOM, BOJTHO-
cnuptoBoM pactBope HCl 1 BogHO-cimpTOBOM pac-
TBope NaOH) uMmeroT pa3jimyHyIo CTPYKTYpy. B 95%
CIIUPTE 3TUJIOBOM, BOJHO-cipTOBOM pactBope HCl
HA6JTI0IAI0TCs CTaOUIbHbIE MUHUMYM U MaKCHMyM
norsiomenusa (A . =260 + 2 HM, A_ = 280 + 2 HM).
CnexTp cyOCTaHIIUM B BOJHO-CIIIPTOBOM PacTBOPE
NaOH wumeeT cTaOUJIBHBIA MAaKCUMYM HOTJIONIEHU ST
(A, = 258 + 2 HM). YeIbHBIN KO3PPHUIHEHT CBETO-
nornomenus E, GbUI pacCanTaH A5 Pa3IUIHBIX
pacTBOPOB U OKAa3aJscs BBINIE JJIsI CIIUPTO-BOIHO-
1mes109Horo pacrsopa (E fow = 245.16), 4eM /115 pac-
TBOpa B 95% cnupTe stunosom (E , J1om = 42.27). I1os-
TOMY JIJIs JAJIBHEUTITUX UCCIEA0BAHUH Aoaenn(3,5-
IUMeTHUI-4-TUAPOKCUeHMIT)cyIbduIa B KauecTBe
pacTBOpUTEJISI HCIOJIB30BAJICS BOJIHO-CIIUPTOBOM
pacteop NaOH (0.1M NaOH : 95% C,HOH—4: 6).

Cneuuguurocms. YO-cekTpsl 0.005% pacTBO-
pa  6uc-[3'(3,5-1u-TpeT-0yTHI-4-TUAPOKCHUDEHIT)
npomwicyibduaa €W - COUPTAa STHJIOBOTO  95%
(puc. 1, 2) He UMeT OOIMNX MAKCUMYMOB U MHUHHU-
MYMOB ITOTJIONIEHU S, UTO CBUJETETHCTBYET O JIOCTHU-
JKEHUHW HeOoOXOUMOU CrelupUIHOCTA METOIHKHU.
Crektp  0Ouc-[3'(3,5-AU-TpeT-0y THII-4-TUIPOKCH-
dermmuponuilcyibdusa UMeeT XapaKTEPHBIH
MaKCUMyM HpH A= 277 + 2 HM U MUHUMYM IIpU
A, = 245 + 2 HM. OTU JIaHHBIE MOTYT MCIIOJIb30-
BaThCA MPH ONPe/ieIeHUN TOAJIMHHOCTH HCCTIey-
eMoil cybcraunuu 6uc-[3'(3,5-1U-TpeT-6yTHI-4-
rusipokcudeHmI)nponuilcyabduaa.

Y®-cmekTphl 0.002% pacTBopa aoaenu(3,5-
JIUMETHJII-4-TUAPOKCUOEH3UI)CYIbGUAAa U BOTHO-
cnuproBoro pactsopa NaOH (0.1M NaOH : 95%
C2H5OH — 4:6) (puc. 3, 4) He UMEIOT OOITUX MAKCH-
MYMOB I MUHUMYMOB ITOTJIOIIEHU I, YTO CBUETEb-
CTBYET O JIOCTH)KEHUHU HEOOXOMUMOU CHEIUPUIHO-
ctu mertonuku. CrmekTp nmozmenu(3,5-AUMETHII-4-
ruipokcudeHmwI)cyTbduaa HUMeeT XapaKTePHBIN
MaKCHMyM IIpu A = 258 + 2 HM. DTO XapaKTep-
HOe JIJIs TAaHHOU cyOCTaHIIUH cMellleHre MaKCUMYy-

coholic HCI solution and aqueous-alcoholic NaOH
solution) have a different structure. In a 95% al-
cohol ethyl, aqueous-alcoholic HCI solution, stable
minimum and maximum absorption are observed
(A,,=260 +2nm,A =280 + 2 nm). The spec-
trum of the substance in an aqueous-alcoholic
NaOH solution has a stable absorption maximum
(A,,,,= 258 £ 2nm). The specific light absorption co-
efficient £, was calculated for various solutions
and turned out to be higher for an alcohol-aqueous-
alkaline solution (E,, , . = 245.16) than for a solu-
tion in 95% ethyl alcohol (E frem = 42.27). There-
fore, for further studies of dodecyl(3,5-dimethyl-
4-hydroxybenzyl)sulfide, a aqueous-alcohol solu-
tion of NaOH (0.1 M NaOH: 95% C,H,OH — 4: 6)
was used as a solvent.

Specificity. UV spectra of a 0.005% solution of
bis-[3°(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]
sulfide and 95% ethyl alcohol (Fig. 1, 2) do not have
common absorption maxima and minima which
indicates the achievement of the necessary speci-
ficity of the technique. The spectrum of bis-[3(3,5-
di-tert-butyl-4-hydroxyphenyl)propyl]sulfide has a
characteristic maximum atA_ =277 +2nmanda
minimum at A_, = 245 + 2 nm. These data can be
used to determine the authenticity of the test sub-
stance bis-[3’(3,5-di-tret-butyl-4-hydroxyphenyl)
propyl]sulfide.

UV spectra of a 0.002% solution of
dodecyl(3,5-dimethyl-4-hydroxybenzyl)
sulfide and a aqueous-alcohol solution of
NaOH (0.1 M NaOH : 95% CHOH — 4 : 6)
(Fig. 3, 4) have no common maximum and minimum
absorption, which indicates the achievement of the
necessary specificity of the technique. The spectrum
of dodecyl(3,5-dimethyl-4-hydroxyphenyl)sulfide
has a characteristic maximum at A __ = 258 + 2 nm.
This shift of the absorption maximum, characteristic
of this substance, as compared with the solution in
95% ethyl alcohol (A_, =280 + 2 nm) can be used to
determine the authenticity of the studied substance
dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide.

Precision. Evaluation of the repeatabil-
ity / convergence of the results of 10 repeti-
tions of the optical density measurement of a
0.005% solution of bis-[3’(3,5-di-tret-butyl-4-
hydroxyphenyl)propyl]sulfide (A _, = 277 nm)
and a 0.002% solution of dodecyl(3,5-dimethyl-
4-hydroxybenzyl)sulfide (A , = 259 nm) showed
good reproducibility with RSD = 2 and 1.4% re-
spectively, which meets the established criterion
of acceptability [1, 6, 7]. The results of statistical
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Puc. 1. YO-CrieKTp pacTBOPUTENSI — CIIMPTA STUIIOBOTO 95%
Fig. 1. UV spectrum of solvent — ethyl alcohol 95%
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Puc. 2. Y®-crektp pacrsopa 6uc-[3'(3,5-A1-TpeT-0y THI-4-TH/IPOKCUDEHIT) IPOITHII |cy b uaa
Fig. 2. UV spectrum of bis-[3’(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]sulfide solution

Ma IIOTJIOIIEHHSI [0 CPABHEHUIO C PACTBOPOM B 95%
cnupre 3TUA0BOM (A = 280 + 2 HM) MOXKET HC-
MI0JIb30BAThCA MPHU OIPE/IEIEHUN TOTAHHOCTH HC-
cJIelyeMoH cyOCTaHIUU OenI(3,5- TUMETHII-4-
TUZIPOKCUOEH3T)CyIbdua.

Ilpeyusuonrocms. OlieHKa MTOBTOPSEMOCTH/
CXOZIUMOCTH PEe3yJIbTaTOB 10 MOBTOPEHUU H3Mepe-
HHS ONTUYECKOU IIJIOTHOCTH 0.005% pacTBopa Ouc-

processing obtained during the assessment of pre-
cision data are presented in Table 1.

Also, to assess the precision of the technique,
control charts of individual values and moving
ranges of optical densities for each of the solutions
were constructed (Fig. 5, 6). None of the values on
the charts goes beyond the upper / lower control
boundaries, which indicates the absence of influ-
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Fig. 4. UV spectrum of dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide solution

[3'(3,5-mu-TpeT-0y THII-4-TUAPOKCUDEHHIT) mpo-
mui]cyabduaa (A = 277 HM) B 0.002% pacTBopa
Jomenui(3,5-TMMeTHII-4-THAPOKCHOEH3 M) CYIbg -
ma (A = 259 HM) IPOAEMOHCTPUPOBAJIA XOPOUIYIO
BocrpousBoauMocTh ¢ RSD = 2 u 1.4 % cooTBeT-
CTBEHHO, YTO Y/IOBJIETBOPSIET YCTAHOBJIEHHOMY KPH-
TepUI0 IIPUEMJIEMOCTH [1, 6, 7]. Pe3ynbTaThl cTaTh-
CTUYECKOU 00pabOTKH IOJIYUEHHBIX B XO/I€ OLIEHKH
MPENU3UOHHOCTH JIAHHBIX MTPEJICTABJIEHBI B TA0I. 1.

ence on the analysis results of nonrandom (special)
factors and testifies the statistical controllability of
the analysis processes [2].

Linearity. Calibration graphs for the substanc-
es bis-[3(3,5-di-tret-butyl-4-hydroxyphenyl)pro-
pyllsulfide and dodecyl(3,5-dimethyl-4-hydroxy-
benzyl)sulfide are shown in Fig. 7, 8. The correla-
tion coefficient () between the 10 measured optical
densities and the corresponding nominal concen-
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Tao6uuna 1. [ToBTOpsieMOCTh/CXOIUMOCTh PE3YIHTATOB U3MEPEHHUS ONITUYECKOH IIJIOTHOCTH HUCCJIElyeMbIX CyOCTaHITUI
Table 1. Repeatability / convergence of the measurement results of the optical density in the investigated substances

Cy6cTaHnus, KOHIIEHTPAuI %
Substance, concentration %

Onrtuyeckas IIJIOTHOCTD

0,
Optical density RSD, %

Buc-[3'(3,5-1u-TpeT-0y THII-4-TUAPOKCUPeHT) Tponulcyabdu, 0.005 %
Bis-[3'(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]sulfide, 0.005%

Honenuin(3,5-TUMeTHII-4-THAPOKCUOEH3UI)CyIbdUI, 0.002 %

Dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide, 0.002%

0.434 3\
0.4866
0.4476
0.5021
0.4553
0.4719
0.4593
0.4766

-

0.4882

0.4752 J
0.4097 A
0.3961

0.4611

0.3883

0.3664

0.3888

0.3851

0.3894

0.377

0.3977 Y,

.

IIpumeuanue. RSD — oTHOCHUTEIBbHOE CTAH/IADTHOE OTKJIOHEHUE.

Note. RSD — relative standard deviation.

Tak:ke 7151 OIIEHKU MPEU3UOHHOCTA METO M-
KU OBLJIM TIOCTPOEHBI KOHTPOJIBHBIE KapThl WHIU-
BHU[yaJIbHBIX 3HAYEHUN U CKOJIb3AIIUX Pa3MaXoB
ONTUYECKUX TJIOTHOCTEH JJIsI KasKJ0r0 M3 PacTBO-
poB (puc. 5, 6). Hu ogHO U3 3HaUEeHUH Ha KapTax He
BBIXOJIUT 32 BEPXHHUE/HUKHUE KOHTPOJIbHBIE T'Da-
HUIIBI, YTO TOBOPUT 00 OTCYTCTBUH BIIUAHUSA HA pe-
3yJIBTaThl aHAJINW3a HECTYYaHHBIX (CIEIHaTbHBIX)
(GaKTOPOB ¥ CBUMIETEJIBCTBYET O CTATHCTUYECKOH
VIIPaBJISEMOCTH IIPOLIECCOB aHAIU3a [2].

Jluneiinocms.  KanubpoBouHble  rpaduku
I cybcranmuii  6uc-[3'(3,5-AU-TpeT-0yTHI-4-
TUAPOKCUDEHUIT) TPOITHJI]cyTbDua v Joenu(3,5-
JIIMETHJII-4-THAPOKCUOEH3UIT)CYIb(MHUAA MIPEICTaB-
JieHsl Ha puc. 7, 8. Koaddburuent koppessauu (1)
MEKy 10 U3MEPEHHBIMU ONITUYECKUMU IJIOTHOCTSI-
MH U COOTBETCTBYIOIIIUMH UM HOMUHAJTbHBIMU KOH-
IIEHTPaIUsAMU PacTBOpa HCCAeAyeMON CyOCTaHITUH
cocTaBUJI 0.999 mist 6uc-[3'(3,5-Au-Tper-0yTHia-4-
ruzpokcudeHmwmnponmwilcyibbuna U 0.996 A
Iozenuii(3,5-TUMeTHII-4-TUAPOKCUOEH3UIT)CYITh-
¢uma, 9TO COOTBETCTBYET YCTAHOBJIEHHOMY KpPUTE-

trations of the test substance solution was 0.999
for bis-[3 ‘(3,5-di-tret-butyl-4-hydroxyphenyl)pro-
pyllsulfide and 0.996 for dodecyl(3,5-dimethyl-4-
hydroxybenzyl)sulfide, which corresponds to the
established criterion of acceptability [1, 8]. The re-
sults of statistical processing of data obtained dur-
ing the study of linearity are given in Table 2.

The correctness of the procedures for bis-
[3°(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]sul-
fide and dodecyl(3,5-dimethyl-4-hydroxybenzyl)
sulfide is confirmed by the correspondence of the
parameters of linearity and precision, as well as a
statistically insignificant difference of the absolute
term of the linear dependence equation from zero
for each of the methods [9, 10].

The detection limit and the limit of quantitative
determination calculated on the base of calibration
graphs data were 0.0000314 and 0.00103% for bis-
[3’(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]sul-
fide and 0.0000375 and 0.00108% for dodecyl(3,5-
dimethyl-4-hydroxybenzyl)sulfide respectively (see
Table 2).
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Puc. 5. KoHTposibHAS KapTa HHAUBUAYAIbHbBIX 3HAYEHUH ONITHYECKOH TUIOTHOCTH 0.005% pactBopa 6uc-[3'(3,5-Au-Tper-
OyTuI-4-TuapokcudeHum)nponcyabduna (A) u 0.002% pacTBopa 1o1enwI(3,5-AUMETIII-4-THAPOKCUGEHIT)CYIbdu-
71a (B) (== BEepXHSISA U HUXKHSSI KOHTPOJIHbHBIE TPAHUIIBI; == CPEHSS JIUHUs; ¢ OT/IeIbHbIe 3HAYEHHS)

Fig. 5. Control chart of individual values of optical density of bis-[3’(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]sulfide
solution, 0.005% (A) and of dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide solution, 0.002% (B) ( == upper and lower
control boundaries; == middle line; ® separate values)

puio pueMJIeMOCTH [1, 8]. Pe3ysibTaThl cTaTUCTHAYE-
CKOI 00pabOTKMU JAHHBIX, IOJyYEHHBbIX B XO/Ie HC-
cJIeIOBAHUS IMHEHHOCTH, IPUBE/IEHHI B Ta0JI. 2.

IlpasuavHocmvy MeTonuk nans 6uc-[3'(3,5-mu-
TpeT-OyTuruApokcudeHwI)Iponwilcyabduma U
noaenus(3,5-1MMeTHII-4-TUAPOKCUOEH3WIT) CYIhb-
duma moaTBEPIKAAETCSA COOTBETCTBUEM IIAPAMETPOB
JIMHEHHOCTU U TPEIU3UOHHOCTH, a TaK)Ke CTaTH-
CTUYECKH HE3HAYNMBIM OTJIMYHEM CBOOOTHOTO UJjIe-
Ha ypaBHEHU s JIMHEHHON 3aBUCUMOCTH OT HYJIsI 11T
Kask[01 U3 METOJHK [9, 10].

Ilpeden obOHapydceHuss W npeden Koaude-
CMEeHHO20 onpedeneHU, PACCUUTAHHbIE Ha OCHO-
Be JIAHHBIX KaJIMOPOBOYHBIX I'PA(UKOB, COCTABUIIN
0.0000314 ¥ 0.00103 % nns 6uc-[3'(3,5-Au-TpeT-
Oy THII-4-TUApOKCU( eHIII)TPONII]cyIbduaa u
0.0000375 1 0.00108 % A71s1 momenui(3,5-TUMEeTUII-
4-TUAPOKCUOEeH3UT)CyIbGUIa COOTBETCTBEHHO (CM.
TabII. 2).

CONCLUSION

As a result of the studies, it was established that
UV spectrophotometry can be used for confirmation
of the authenticity and for quantitative determination
of the substances bis-[3’(3,5-di-tret-butyl-4-hydroxy-
phenyl)propyl]sulfide and dodecyl(3,5-dimethyl-4-
hydroxybenzyl)sulfide. The data obtained can also be
used to develop methods for the quantitative determi-
nation or determination of impurities by high perfor-
mance liquid chromatography using a UV spectropho-
tometric detector [11]. However, to fully complete the
development of spectrophotometric methods for the
quantitative determination of bis [3'(3,5-di-tret-bu-
tyl-4-hydroxyphenyl)propyl]sulfide and dodecyl(3,5-
dimethyl-4-hydroxybenzyl)sulfide, it is also necessary
to evaluate internal and inter-laboratory reproducibil-
ity, accuracy and stability of the methodology, which
will be the object of further research.
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Puc. 6. KoHTposibHas KapTa CKOJIB3SIINX PA3Max0B ONTUYECKOHN IVIOTHOCTH 0.005% pacTBopa 6uc-[3'(3,5-1u-TpeT-
OyTIII-4-TUIpoKcudenuT) mponuwi]cynbdusa (A) u 0.002% pactBopa AoAenui(3,5-TUMeTHII-4-TUAPOKCUOEH3 U ) CyTb-

duna (B) (== BepXHssA KOHTPOJIbHAS IPAHUIIA; == CPEJH:AA JINHUA; ¢ OT/eJIbHbIE 3HAUEHNUS)

Fig. 6. Control chart of the moving ranges of optical density of bis-[3’(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]sul-
fide solution, 0.005% (A) and of dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide solution, 0.002% (B) ( == upper control
boundary; ==middle line; ¢ individual values of the moving ranges of the optical density of the test solution)
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Fig. 7. Linearity of bis-[3°(3,5-di-tret-butyl-4-hydroxyphenyl)propyl]sulfide
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Fig. 8. Linearity of dodecyl(3,5-dimethyl-4-hydroxybenzyl)sulfide

Ta6umuia 2. Pesysibrarsl 06pabOTKH JAHHBIX, TOJIyYEHHBIX B XOJI€ UCCIEJ0BAHUS JINHEHHOCTH
Table 2. The results of processing the data obtained in the study of linearity

Cyb6cTaHiust Kounentpanus, % g;gf;fgf:ﬂ ’ s a 110, % IIKO, %
Substance Concentration, % . . DL, % LQD, %
Optical density
Buc-[3'(3,5-11- 0.001188 0.1029 \
TpeT-0yTHII-4-
TUJIPOKCUGDEHIIT) 0.0019 0-1494
POUJI|cyTbhU 0.002375 0.1957
Bis-[3'(3,5-di-
tret-butyl-4- 0.003166 0.2388
hyd henyl 0.0038 0.32
‘ ro?ypléaély) 3 3237 0.999 78.5 0.0075 0.0000314 0.00103
propylJsulfide 0.00475 0.371
0.00665 0.5309
0.0076 0.6304
0.0095 0.7498
0.0114 0.8904 j
Homenun(3,5- 0.00052 0.209 \
JUMETUII-4-
TUPOKCUOEH3HUI) 0.00104 0.2381
cynbdun 0.00156 0.3683
Dodecyl(3,5-
dimethyl-4- 0.00208 0.4692
hyd b 1 0.0026 0.61
sﬁﬁé’;‘y enzyl) 47 >o.996 210.76 0.0534 0.0000375 0.00108
0.00312 0.6898
0.00364 0.8642
0.00416 0.9064
0.00468 1.0678
0.0052 1.134 Y,

[Ipumeuanue. r— ko3bPUIUEHT KOPPEIAINN; 8 — YIJIOBOU K03(pdULINEHT ypaBHEHU JIMHEHHON 3aBUCUMOCTH; a — CBODOOI-
HBIH WieH ypaBHeHUs JIMHeHHOU 3aBucuMocty; [10 — npesesn o6Hapyskenust; ITKO — mpe/ies KOJIM4eCTBEHHOTO OIIPe/IeIeH s,

Note. r— correlation coefficient; 8 — angular coefficient of the equation of linear dependence; a — absolute term of the equation
of linear dependence; DL — detection limit; LQD — limit of quantitative determination.
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3AKJIIOYEHUNE

B pesynbprare TpOBEJEHHBIX WCCJIETOBAaHUMN
ObLIa yYCTAHOBJIEHA BO3MOXKHOCTHh WCIOJIb30Ba-
HUus Y®-crnekTpodoTOMeTpuUu AJs1 TMOATBEPIK/E-
HUA TIOAJIMHHOCTA W KOJHYECTBEHHOTO OIIpefie-
JieHusi cybcrannuii 6wuc-[3'(3,5-AU-TpeT-0yTHI-4-
TUIPOKCUDEHU)TPOTHII]cyTbduaa U JoAenu(3,5-
JIIUMETUJI-4-TUIPOKCUOeH3mm)cynbdua. Ilomyuen-
HBIE JAHHBIE TAKKE MOTYT OBITh UCIIOJIb30BAHBI IIPU
pa3paboTKe METOAMKU KOJIMYECTBEHHOTO OIIpeie-
JIEHWS WUJIH OTIPeZieJIEeH s IPUMeCe MeTOIOM BhICO-
K03(pDEKTUBHOM KUTKOCTHON XpoMaTorpaduu mpu
UCHOoIb30BaHUU  YO-cneKTpodOTOMETPUIECKOTO
JerekTopa [11]. OHAKO /Il TIOJTHOTO 3aBEPIIEHU
pa3paboTku CreKTPOHOTOMETPUUECKUX METOIUK
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AHHOTAIIU A

BBenmenue. I'uneprnpoaykius GUOpO3HON TKAHU KaK KOHEUHBIH 3TAll XPOHUYECKOT'O BOCIAJIEHUS MIPOCTATHI
ycyTy0JIsieT HapyIleHre YPOJUHAMUKY U 3aMe/IJIsSIeT BbI3ZI0POBJIEHHE.

IMens. OupeneauTh BO3MOKHOCTD MOBBIIIEHUS 3G (PEKTUBHOCTH JI€UeHUA OOJIBHBIX XPOHUUECKUM abaKTepu-
aJIbHBIM IIPOCTATUTOM 3a CUET aHTUCKJIEPOTHUECKOU (DEPMEHTOTEPATINH; I0KA3ATh €€ TIO3UTUBHOE BJIUSIHIE HA YPOIU-
HAMUKY ¥ MUKPOITUPKYJISAIUIO B IIPOCTATE.

MaTepuayibpl U METOJBl. B OTKpPHITOE, IPOCIEKTUBHOE, PAH/IOMHU3UPOBAHHOE, CDABHUTEJIBHOE HCCJIE/I0BA-
HHE BKJIIOUEHBI 60 6OJIPHBIX XPOHHYECKUM abaKTepruaJ bHbIM IpocTaTUTOM KaTteropuu I1la. YuacTHUKY ObLIH pasjie-
JIEHBI Ha JiBe Tpynmbl: ocHoBHYIO (OI, 31 mauenT) u rpymnny cpaBuenus (I'C, 29 naruenTos). [TaruenTs! OI mostyyaiu
6a30BYI0 TEPATIHIO C BKJIIOUEHUEM IIpernapaTa JIOHTH[a3a B BU/I€ PEKTAJIBHBIX CYIIIIO3UTOPUERB 110 3000 ME neiicTBy10-
IIETO BENECTBA TPHIKBI B HEMIEITIO, 20 CYyNIIO3UTOpHeB Ha Kypc. IlaruenTs! I'C mostyyaan uAeHTHYHYI0 6a30ByI0O Tepa-
MMUI0 B COUETAHUU C PEKTAJIBHBIMH CYIIIO3UTOPUAMU, COIEPIKAIIUMHU 500 MT' METUJIypallijia — TaK:Ke 3 pasa B Hefle-
JII0, BCETO 20 CYIIIO3UTOPHEB Ha KYPC.

AP PEeKTUBHOCTD JIeUEHHsI OIIEHUBAJIN 110 IMHAMHUKE IOKa3aTeseld MOYEUCITYCKAHUS U MUKPOIUPKYJISAIUH, IO
yMeHbIIIeHU10 6aJ1yI0B 10 1Kaze cumntoMoB National Institutes of Health — Chronic Prostatitis Symptom Index (NIH-
CPSI) ¢ 110 CHUYKEHUIO YHCTIa JIEHKOIIUTOB B ceKpeTe MmpocTaThl. OTIMYHBIA pPe3y/IbTaT IMo/[pa3yMeBasl CHUKEHHE CyM-
MBI 6as110B 110 mKkasie NIH-CPSI 10 14 1 HIKe, YrcJIa JEHKOIIUTOB B CEKPETe IIPOCTAThI — JI0 10 B [10JIe 3PEHUS U MeHee,
yIIydIlleHre TIoKa3aTeseld YPOAUHAMUKN U MUKPOIIUPKYJIAIIUY HA 40 % u 60Jiee OT UCXOTHOTO.

PesyabTaTsl. BOI OT/IMUHBIN PE3yaIbTaT ObLI IOCTUTHYT Y 21 60J1bHOTO (67.7 %), B 'C — y 14 manueHToB (48.3 %).
Xopoluii pe3yJibTaT OTMEU€EH y 9 marueHToB (29.1 %) Ol u y 11 (37.9 %) B I'C. Cpeu MaI{ieHTOB, ITOJIyYaBIIHX JOHTH/1a-
3y, TOJIbKO B OJTHOM ciiydae (3.2 %) He 6b1710 a¢pdekTa, a B I'C TakoBBIX OBLIIO B UeThIpe pasa 60sblile (4 manuenTa; 13.8 %).

BeIBO/ABI. AHTHCKJIEpOTHYECKAs (PEPMEHTOTEpAIUS IIPENApAaTOM JIOHTH/Ia3a B BUJIE PEKTAJIBHBIX CYIIIO3UTO-
pueB criocobCcTBOBaIA IOCTOBEPHOMY YMEHBIIIEHUIO BHIPAJKEHHOCTH CUMIITOMATHKH IIPOCTATUTA, YIYUIIEHUIO TTapamMe-
TPOB YPOAUHAMHUKU U MUKPOIIUPKYJISIUHU ITPOCTATHL.

Knaroueswvle crosa: IIPOCTATUT, JIEUEeHUEe, JIOHTUuaa3a, ¢)epM€HTOTepal’[Hﬂ, YpOAMHaAMUKA, MUKPOOUPKYJIAOUA B IIPO-
crare.

ABSTRACT
Introduction. The fibrous tissue hyperproduction as the final stage of chronic inflammation of the prostate
exacerbates the disturbance of urodynamics and slows recovery.
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Aim. Todetermine the possibility of increasing the effectiveness of treatment of patients with chronic abacterial pros-
tatitis due to antisclerotic enzyme therapy; to prove its positive effect on urodynamics and microcirculation in the prostate.

Materials and methods. An open, prospective, randomized, comparative study included 60 patients with
category IIla chronic abacterial prostatitis. The participants were divided into two groups: the main group (MG, 31 pa-
tients) and the comparison group (CG, 29 patients). MG patients received the baseline therapy with the inclusion of
Longidaza in the form of rectal suppositories, 3000 IU of the active substance three times a week, 20 suppositories per
course. CG patients received identical baseline therapy in combination with rectal suppositories containing 500 mg of
methyluracil — also 3 times a week, a total of 20 suppositories per course.

The effectiveness of treatment was evaluated by the dynamics of urination and microcirculation parameters, by a
decrease in scores on the National Institutes of Health — Chronic Prostatitis Symptom Index (NIH-CPSI) scale and by a
decrease in the number of white blood cells in the prostatic secretion. An excellent result implied a reduction in the total
score on the NTH-CPSI scale to 14 or lower, the number of leucocytes in the prostate secretion — to 10 in the field of view

or less, and an improvement in urodynamics and microcirculation by 40% or more from that of initial.

Results. In MG an excellent result was achieved in 21 patients (67.7%), in CG — in 14 patients (48.3%). A good
result was observed in 9 patients (29.1%) of the MG and in 11 (37.9%) of the CG. Among patients receiving Longidaza there
was no effect only in one case (3.2%), and four times as many in the CG (4 patients; 13.8%).

Conclusions. Antisclerotic enzyme therapy with Longidaza in the form of rectal suppositories contributed to a
significant decrease in the intensity of symptoms of prostatitis, an improvement in urodynamic parameters and prostate

microcirculation.

Keywords: prostatitis, treatment, Longidaza, enzyme therapy, urodynamics, microcirculation in the prostate.

BBEJAEHUNE

XpOHHUUYECKOE BOCIAJIEHUE [TPOCTATHI YacTo 00-
Hapy»KUBAIOT CJIyYallHO MpU maroMopdosioruye-
CKOM HCCJIEZIOBAHUY OIEPAI[HOHHOIO MaTeprasia
i GUOIITAaTOB, KOT/Ia XUPYPIUUECKOE BMeIIaTe b
CTBO OBLJIO BBIIIOJIHEHO IO TIOBOZY HEBOCIIAJINTEJIb-
HOro 3abo0sieBaHus (HOOpOKAUECTBEHHAS TUIEPILIa-
3Usl MPOCTAThl, 3JI0KAYECTBEHHbIE HOBOOOpPA30Ba-
Hus). JIokazaHo, YTO MHTEHCUBHOCTb BOCIIAJIEHUS
KOPPEJIUPYET CO CTENEHBIO BHIPAKEHHOCTU CHMIITO-
MOB HH?KHUX MOYEBBIBOAAIUX IyTel [1—3]. Exuno-
JIYLIWS TI0 TOMY BOIIPOCY HET, HO ITPe00JI1aIaeT TOY-
Ka 3PEHMs, YTO OCHOBHOU IPUYMHOHN SIBJISIETCS I10-
Tepsi AJIACTUYHOCTU TKAHEH BCJIEJICTBHE CKJIEPO3U-
pOBaHUs KaK KOHEYHOIO 3Tala BOCIAJIUTETHHOTO
mporiecca [4—5]. ITaTodu3UOIOTHS BOCIATUTETb-
HOT'O TIpoIlecca B MPOCTATE€ TUIIMYHA: aJIBTE€PATHB-
Hy10 (pasy MOBpEXIEHUs KJIETOK CMEHSET DKCCy/Aa-
TUBHAs (haza COCYAUCTON PEAKI[UN Ha TIOBPEIK/IEHIE
(BBIXO/T KM/TKOCTH U KJIETOK KPOBH U3 COCY/IOB B TKa-
HH), 3aTeM HacTymaeT nposudepaTuBHas ¢asa 3a-
JKUBJIEHHS W Pelapanuu. 3aBepiieHre IpPOayKTHB-
HOU (a3bl BOCIIAJIEHUS COITPOBOXKAAeTC (opMupo-
BaHHeM ouara pubposa/ckyeposa [6], T. e., ecJii Boc-
MaJIEHUe He Pa3pelniioch B OCTPyo (asy, — BKIIIO-
YAIOTCS MEXaHU3MBI TATOJIOTMUECKOTO 3a3KUBJICHUS
yepe3 U30bITOYHYIO IPOAYKITUI0 hrbdposa [7].

B dopmupoBanuu ¢ubposa GOJIBIIYIO POJIb
UTPAeT KOoJIJIAT€H — OCHOBHOM IIPE/ICTABUTETb IPYTI-
bl BHEKJIETOYHBIX IIPOTENHOB. BOJIBIIIUHCTBO Cy6-
THUIIOB KoJu1areHa ¢popMupyoT pubpusiist [8], koTo-
phle y4acTByOT B (DOPMUPOBAHUHU «TKAHEBOTO CKe-
JieTa», OTBETCTBEHHOTO 3a MPOYHOCTb M PACTSIKU-
MOCTb TKaHEH, 00eClHeurnBaT KJIETOYHYI0 MHUIpPa-

INTRODUCTION

Chronic inflammation of the prostate is often
an incidental finding during a pathomorphologi-
cal study of surgical material or biopsy specimens
when surgical intervention was performed for a
non-inflammatory disease (benign prostatic hyper-
plasia, malignant neoplasms). It has been proven
that the intensity of inflammation correlates with
the severity of symptoms of the lower urinary tract
[1-3]. There is no unanimity on this issue, but the
prevailing point of view states that the main rea-
son is the loss of tissue elasticity due to sclerosis as
the final stage of the inflammatory process [4-5].
The pathophysiology of the inflammatory process
in prostate gland is typical: the alterative phase,
characterized by cell damage, is replaced by the
exudative phase with a vascular reaction to the
damage (the exit of fluid and blood cells from the
vessels into the tissue), then the proliferative phase
of healing and repair begins. The completion of the
phase of productive inflammation is accompanied
by the formation of a focus of fibrosis / sclerosis [6],
that is, if the inflammation is not resolved in the
acute phase, the mechanisms of pathological heal-
ing through excessive production of fibrosis are ac-
tivated [7].

In the formation of fibrosis, collagen plays an
important role — it is the main representative of the
group of extracellular proteins. Most of the colla-
gen subtypes form fibrillae [8], which are involved
in the creation of “tissue skeleton”, which is respon-
sible for the strength and distensibility of tissues,
provide cell migration and adhesion, tissue repair
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IAIO U a/IT€3UI0, BOCCTAHOBJIEHHE TKAHEH TOCJIe M0-
Bpexennsa [9—11]. CyiecTByOT JBa cH6aaHCHPO-
BAaHHBIX Pa3HOHATPABJIEHHBIX IIPOIECCA: CHHTE3
KoJinareHa (HeoOXOAMMBIH [JIA 3aKUBJIEHUSA odyara
BOCITaJIEHUS) U €ro fAerpaganus. IIpy HapyuieHUu
aTOro HasaHca MPOUCXOAUT U30BITOYHOE 00pa3oBa-
Hue $uOPO3HOU TKAHU, HAapyIIaolee GYyHKIUIO IT0-
cTpasasiero oprana [12—-15]. Tak, dopMupoBaHue
IIOCTTYOEPKYJIE3HOH CTPUKTYPHI MOUETOUYHUKA MO-
JKET MPUBECTH K THOEIH UIICUIaTEPATILHOU IMOYKH,
Jla’Ke B CJIy4ae ee U3JieueHus oT TyOepkysiesa [16].
XpoHUUeCKoe BOCHAJIEHHE IPOCTAThl MOXKET
3aBepIIATHCS/OCTIOKHATECA (HUOPO30M Iepuype-
TPaJIbHBIX TKAaHEW, YTO U SABJISETCS OCHOBHOH IpH-
YMHOU HaApYIIEeHUs MOYEHCIIYCKAaHUs y OOJIbHBIX
XPOHHYECKUM mpocratutoM [17, 18]. Opranusm
CTPEMUTCH JIOKAJIM30BaTh OYar BOCHAJIEHUS, OKPY-
JKUB ero ¢pubpo3HOH Kamcynou. V36pITouHOE 00pa-
30BaHHUE KOJIJIAT€HA, BEI3BAHHOE OCTPHIM BOCIIAJIH-
TeJIBHBIM IIPOIIECCOM B IIPOCTATE, B CJIyUYae ero pas-
pellleHrsT Ha HAaYaJIbHBIX CTAAUSIX BOCIIAJIEHUS MO-
JKeT ObITh 00paTuMbIM [1]. Pu6PO3, COMPOBOKAAIO-
MUY XPOHUYECKOE BOCHAJIEHUE ITPOCTATHI, MOXKET
TaKyKe PaCIPOCTPAHATHCSI HA COTpUS Cavernosum,
YTO JIOKa3aHO HKCIIEpUMEHTAJIbHO [19]. [Too6HBIN
(eHomeH oTuacTH OOBACHAET SPEKTUJIBHYIO JIUC-
(GyHKIUIO y 60JTBHBIX XPOHIHYECKUM ITPOCTATHUTOM.
IIpu peTpOCHEKTHBHOM aHAJIW3€e HCTOPUi 60-
JIe3HU 2316 MY’KUHH, ITPOOIIEPHPOBAHHBIX 110 IIOBO-
Iy 1oOpOKavYeCTBEHHOM TUIEPIIJIA3UH U paKa IIpo-
CTaThl, YCTAHOBJIEHA TOJIOKUTEJIbHAS KOPPEJIAIHS
MEX/y CTeleHblo (GuOpo3a U 3JI0KAaYeCTBEHHBIM
IepepoK/IeHNeM IIPOCTaThl. BMecTe ¢ TeM BeposT-
HOCTb OOHAPY?KEHU S TPOCTATUUECKOU HHTPARIIUTE-
JIMaJIbHOYM HEOIIJIA3WU 2-U CTeleHu Oblyia BBIIIIE IIpU
mpeobJialJaHuX BOCIAJTHUTEbHBIX U3MEHEHHH [20].
OG6Hapy:KUJIH, YTO HAKOILJIEHHE KOJLJIaTe€HA ITPU
XPOHUYECKOM OaKTepHuaJibHOM IPOCTATHUTE IPOKC-
XOJIUJIO KaK Iy TEM YCUJIEHUS CUHTe3a de Novo, TaK U
3a CYET SKCIPECCUU T€HOB, CBS3AHHBIX C PEMOJIEJIH-
pOBaHUEM KOJLIATE€HA, IPOAYIUPOBAHHOTO B XPO-
HUYeCKoU dase BocmaieHus [17].
ITaTomopdosioruyeckoe wuccaeoBaHue OHO-
IITATOB IIPOCTAThl PAbOYMX XUMUUECKOTO IIPOU3-
BOJICTBA, CTPAJAIONIUX XPOHUUECKUM ITPOCTATUTOM,
YCTaHOBUJIO IIPOTPECCUPYIOMTUNA PUOPO3 CTPOMEI C
ABJIEHUAMU TIEPUTJIAH/TYJIAPHOTO U MIEPUBACKYJIAP-
HOoro ckJjeposa [21]. IloguepkuBaioT, uTo (GHHOPO3
Mpe/icTaTeIbHOM KeJle3bl BJIUSET Ha Pa3BUTHE pac-
CTPOHCTB MOYEHCIYCKAHUs/CUMIITOMOB HUKHUX
MOUEBBIX IyTeH U pe3yJIbTaThl ONEPATHUBHBIX BMe-
matesabcTB. OIHAKO JaHHbIE HKCIEPUMEHTATbHBIX
HICCJIEZIOBAHUH CBUJIETEJIHCTBYIOT O TOTEHIINAIbHON
BO3MOKHOCTHU perpecca ¢pubpo3a mpu yCTpaHEHUH

after damage [9—11]. There are two balanced oppo-
sitely directed processes: collagen synthesis (neces-
sary for the healing of the focus of inflammation)
and its degradation. A disturbance in this balance
leads to the excessive formation of fibrous tissue,
and dysfunction of the affected organ [12—15]. Thus,
the formation of post-tuberculous ureter stricture
can lead to the loss of the ipsilateral kidney, even if
it is cured of tuberculosis [16].

Chronic inflammation of the prostate can be
culminated in / complicated by fibrosis of periure-
thral tissues, which is the main cause of urinary
disorders in patients with chronic prostatitis [17,
18]. The body seeks to localize the focus of inflam-
mation, surrounding it with a fibrous capsule. The
excess formation of collagen produced by the acute
inflammatory process in the prostate, if resolved at
the initial stages of inflammation, may be revers-
ible [1]. Fibrosis accompanying chronic inflamma-
tion of the prostate can also spread to corpus cav-
ernosum, which has been experimentally proven
[19]. A similar phenomenon partly explains erectile
dysfunction in patients with chronic prostatitis.

A retrospective analysis of case reports of 2316
men operated on for benign hyperplasia and pros-
tate cancer showed a positive correlation between
the degree of fibrosis and the malignant degenera-
tion of the prostate. However, the probability of de-
tecting prostatic intraepithelial neoplasia of the 2n¢
degree was higher with the prevalence of inflam-
matory changes [20].

It was found that the accumulation of collagen
in chronic bacterial prostatitis occurred both by
the enhancement of its synthesis de novo and due
to the expression of genes associated with remod-
eling of collagen produced in the chronic phase of
inflammation [17].

A pathomorphological study of prostate biopsy
specimens of chemical production workers suffer-
ing from chronic prostatitis revealed progressive
stromal fibrosis with periglandular and perivas-
cular sclerosis [21]. It is emphasized that prostate
fibrosis has an influence upon the development of
urinary disorders / lower urinary tract symptoms
and the results of surgical interventions. However,
data from experimental studies indicate the poten-
tial for resolution of fibrosis provided that the cause
of the disease is eliminated and the enzymatic ef-
fect on this process of drugs that promote collagen
degradation is applied [22].

Thus, it was proved (mainly by experimental
studies) that if acute inflammation of the prostate
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MPUYUHBI 3a00JIeBaHUs U (PEpMEHTATUBHOM BO3-
JIEHICTBUH Ha 3TOT IIPOIIECC C IOMOII[BIO ITPENapaToB,
CII0COOCTBYIOIIUX IerpaZlalluy KoJlareHa [22].

Takum oO6pazoM, JoKa3aHO (IPEUMYIIECTBEHHO
SKCIIEPUMEHTAIbHBIMU PabOTaMu), UYTO €CIU IIPHU
OCTPOM BOCITaJIEHUH IPEZICTATEIbHOMN KeJe3bl (u-
Opo3 MOKeT OBITh MUHUMAJIBHBIM, TO XPOHUYECKOE
BOCITaJIEHHE COIPOBOXK/IAETCS Pa3BUTHEM CKJIEPO-
THUYECKUX PEaKI[UH BIJIOTH JI0 IIOJTHOTO PyOIleBaHU
MMapeHXUMBI.

IEJIb NCCJIEAOBAHUNA

OnpeziesiNTh BO3MOKHOCTDH TIOBBILIEHUA 3(]-
(exTUBHOCTH JIeueHUsT OOJBHBIX XPOHHYECKUM
abaKTepHaJIbHBIM IIPOCTATHUTOM 32 CUeT aHTHUCKJIEe-
poTuueckoll epMeHTOTepanuy; A0Ka3aTh ee MO3U-
THUBHOE BJIUSHUE HA YPOAUHAMHUKY U MHUKPOIIUPKY-
JIAIIUIO B IIpOCTATe.

MATEPUAJIBI 1 METO/1bI
Juzalin ucciieZJoBaHUSA: OTKPBITOE, IPOCIeK-
THUBHOE, PaHJOMU3UPOBAHHOE, CPaBHUTEJIBHOE.

B uccnenoBanue BKIIOUEHBI 60 OOJIBHBIX XPOHIYE-
CKUM abaKTepHaJbHBIM IIPOCTATUTOM KaTErOpUH
IIIa. YyacTHUKOB pas3/esinjn Ha 2 TPYIIbl: OCHOB-
uytwo (OI, 31 nanuent) u cpasuenus (I'C, 29 mamu-
eHntoB). Ilanuentsl OI' mosyuasau 6asoByIO Tepa-
IIUIO C BKJIIOUEHHEM IIpernapara JIOHTHAa3a (Mexay-
HapOJHOE HEMaTEeHTOBAaHHOE HAaMEeHOBaHUE — OOB-
ruasyponuziaza asoxkcumep (bovhyaluronidasum
azoximerum)) B BHJIE PEKTAJIBHBIX CYIIIO3UTOPH-
eB 1o 3000 ME /IefiCTBYIOIIETO BEIECTBA TPUIK/IBI
B HeJIeJII0, 20 CYIIIO3UTOpUEB Ha Kypc. bazoBas Te-
panus BKJIIOYaJia HeCcTepOou/IHbIe ITPOTHUBOBOCIIAIN-
TeJIbHBIE ITPENapaThl, HEUPOTPOITHBIE BEIIECTBA, AH-
TUONIPOTEKTOPHEI, BeHoToHUKHU. [laruenTs! I'C mosty-
YyaJIu U/IEHTUYHYI0 6a30BYIO TEPAIIUIO B COUYETAHUU
C PEKTaJbHBIMU CYNIO3UTOPUAMU, COAEPKAIIIMU
500 MT MeTUJIypaluia — TakKe 3 pas3a B HeJeJllo,
BCero 20 CyIIO3UTOpHEeB Ha Kypc. i yrpoleHus
KOHTPOJIS U MTOBBIIIEHUS ITPUBEPKEHHOCTH K JIeUue-
HUIO cXeMa Tepanuu Oblia yHuUDHITUPOBaHa. Jleue-
HUe BCerzia HauMHa/IN B IIOHEJIeJIbHUK; MalueHThI
CaMOCTOATEJIFPHO BBOAWJIN CYHIIO3UTOPUN B MIps-
MYIO KUIIIKY B IOHE/IEJIbHUK, CPEAY U IIATHUILY B Te-
4JeHUe 7 HeJl; B IIOCJIEIHION0 cpely Kypc JledeHUs 3a-
BepIIaJIA U B YeTBEPT-IIATHUILY IPUXOVIIN HA KOH-
TPOJIbHOE 00CJIe/IOBAHUE.

Kpumepuu sxatouerus 6bLIH CIIeyIONIYE:

1. BospacTt 20-50 seT.

2. JlmarHo3 «XpoHHYeCKUil abaKTepruaIbHbIN
IIPOCTATUT C IpU3HAKAMU BOCHAJIEHUSA» — KaTero-
pusa Illa no knaccudukanmuu HarmoHaAbHBIX WH-
ctutyToB 37m0poBbs (National Institutes of Health
(NIH) CIIIA) B TeyeHue He MEHEE 2 JIET.

gland can cause minimal fibrosis, then chronic in-
flammation is accompanied by the development of
sclerotic reactions up to complete scarring of the
parenchyma.

AIM OF THE RESEARCH

To determine the possibility of increasing the
treatment effectiveness in patients with chronic
abacterial prostatitis due to antisclerotic enzyme
therapy; to prove its positive effect on urodynamics
and microcirculation in the prostate gland.

MATERIALS AND METHODS

The study design: open, prospective, random-
ized, comparative. The study included 60 patients
with chronic abacterial prostatitis of I11a category.
Participants were divided into 2 groups: the main
group (MG, 31 patients) and the comparison group
(CG, 29 patients). MG patients received baseline
therapy with the inclusion of Longidaza (the in-
ternational nonproprietary name is bovhyaluroni-
dase azoximer (bovhyaluronidasum azoximerum))
in the form of rectal suppositories with 3000 IU of
the active substance three times a week, 20 sup-
positories per course. Baseline therapy included
non-steroidal anti-inflammatory drugs, neuro-
tropic substances, angioprotectors, venotonics.
CG patients received identical baseline therapy in
combination with rectal suppositories containing
500 mg of methyluracil — also 3 times a week, a
total number of 20 suppositories per course. To
simplify control and improve adherence to treat-
ment, the medication regimen was unified. The
medication always started on Monday; patients
self-administered the rectal suppository on Mon-
day, Wednesday and Friday for 7 weeks; on the
last Wednesday the course of treatment was com-
pleted, and on Thursday-Friday they came for a
follow-up examination.

The inclusion criteria were as follows:

1. Age 20—50 years.

2. Diagnosis of chronic abacterial prostatitis
with signs of inflammation — category IIla accord-
ing to the National Institutes of Health classifica-
tion for at least 2 years.

3. Total score on the NIH scale — Chron-
ic Prostatitis Symptom Index (NIH-CPSI) is at
least 15.

4. Presence of prostate secretion in the na-
tive preparation, obtained by means of an expelling
massage of the prostate gland, of at least 15 leuko-
cytes in the field of view by light microscopy.
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3. Cymma 6asnnoB mo mkase NIH — Chronic
Prostatitis Symptom Index (NTH-CPSI) He meHee 15.

4. Haynuuve B HaTUBHOM IIpemapaTre ceKpeTa
IIPOCTATHI, OJIYYEHHOTO IIyTEM U3TOHSIONIETO Mac-
ca’ka IpeJIcCTaTeIbHOM KeJle3bl, He MeHee 15 JIeHKo-
[IUTOB B I10JI€ 3pEHU IPU CBETOBON MUKPOCKOIIHH.

5. OrcyTcTBHE POCTa MAaTOreHHOU MUKPOQIIO-
PBI B cexpeTte npezacTaTesabHol kenesbl (I1K) / a5-
KyJIATeE.

6. Coryacue Ha y4yacTue B UCCJIe/IOBAaHUMU.

Kpumepuu ucxarouenus:

1. Bospact Mosoke 20 u cTapiie 50 JIeT.

2. Jlio0ble OHKOJIOTHYECKHE 3a00JIeBaHU .

3. Jliobble comaTyeckue 3ab60eBaHUA B CTa-
¥ 060CTPEHU S WU JIEKOMITEHCAIIIH.

4. BUY-undeknus B 11000H CTaAM.

5. AJKOrosn3M M HapKOMAaHUS.

6. Hasymune MHOPOJHBIX TEJI B MOYEBOM ITy3BIPE.

7. BeccummToMHOe TeueHME 3a60I€BAHUS NN
CyMMapHOe KOJIUYECTBO CUMIITOMOB XPOHHUUECKOTO
npocratuTa 1o mkasue NIH-CPSI menee 15.

8. Poct maToreHHOI MUKPOQJIIOPHI B CEKpeTe
IT2K / asixyssite B TuTpe 60tee 103 KOE/mut.

9. Hanuuwme nHbpeknui, nepesaBaeMbpIX I0JIO-
BBIM IIyTEM.

10. JIro6ble ocTpble UM 0OOCTPEHNE XPOHUUE-
CKUX HH(PEKITMOHHBIX 3a00JIEBAaHUMH.

11. 3abosieBaHUSA [TO3BOHOYHUKA C HEBPOJIOTH-
YecKuM J1epUIIUTOM.

Bce mamueHTHI MPOXOAMJIM CTAaHZAPTHOE 00-
CJIeZIOBaHUE, BKJIIOUABIIEE OIPE/EIEHHe ITPOCTa-
tocnernuduyeckoro auturena (IICA), 3-crakaHHYIO
npoby MOYH, MaJIBIIEBOE PEKTAJIbHOE HCCJIeI0Ba-
Hue (ITP1), TpaHCpeKTaJIbHOE YJIBTPA3BYKOBOE HC-
cinenoBanue (TPY3U), sazepHyto mormsepdiioyme-
Tpuio, ypodoyMeTpuio. BeceM BBIOTHAIN KIUHU-
yeckoe U OaKTEPHOJIOTHYECKOEe HCCJIeZIOBAHUE ce-
KpeTa IIpe/cTaTesIbHON >Kesie3bl. Takke OOJIbHBIE
€CaMOCTOATeJbHO 3anoaHAau onpocHuk NIH-CPSI,
TepeBeIeHHBIA Ha PYCCKUU A3BIK.

Ilepen HauajoM Tepanmuu BceM IallieHTaM
onpeziesisiIi YPOBEHb JIOKAJIbHONH MUKDPOLUPKYJIA-
OUU METOZOM JIa3€pPHOU I0IIepdIOyMeTpUn II0-
cpezicTBOM oTeuecTBeHHOro annapara JIAKK-01; uz-
MepeHUe IIPOBOIUIN Ha IPOMEXKHOCTH B TOUKE IIPO-
eKIuu mpocTaTel. JlazepHas mormsepoBckas (ioy-
metpus (JI/I®) sBysieTcs COBPEMEHHBIM METOOM
HEUMHBA3WBHOM OIEHKH COCTOSIHUS MUKDPOLUPKY-
JIAIVY, OCHOBAaHHBIM HA N3MEHEHUU YaCTOTHBIX Xa-
PaKTepHCTHUK JIA3epHOTO JIy4a, 30HUPYIOIIETO TKa-
HH, IIPU €70 OTPAKEHUH OT JBHKYIIIUXCA KOMIIOHEH-
TOB KPOBH, B IIEPBYIO0 OUEPETH — SpUTPOITUTOB. KoMm-
IBIOTEPHAsA 00pabOTKa MOJIyYeHHOH JI0IJIEPOrPaM-
MBI TIO3BOJISET BHIUUCIUTH UHTEIPAJIbHBIN MTOKa3a-

5. Lack of growth of pathogenic microflora in
the secretion of the prostate gland (PG) / ejaculate.

6. Consent to participate in the study.

The exclusion criteria:

1. Age under 20 and over 50.

2. Any oncological diseases.

3. Any somatic diseases in the stage of exacer-
bation or decompensation.

4. HIV infection at any stage.

5. Alcohol and drug addiction.

6. Presence of foreign bodies in the bladder.

7. Asymptomatic course of the disease or the
total number of symptoms of chronic prostatitis on
the NTH-CPSI scale being less than 15.

8. Growth of pathogenic microflora in pros-
tate secretion / ejaculate in a titer of more than 102
CFU / ml.

9. Presence of sexually transmitted infec-
tions.

10. Any acute or exacerbation of chronic infec-
tious diseases.

11. Spinal diseases with neurological deficien-
cy.

All patients underwent a standard examina-
tion, including the determination of prostate-spe-
cific antigen (PSA), three-glass test, digital rectal
examination (DRE), transrectal ultrasound exami-
nation (TRUSE), laser doppler flowmetry, uroflow-
metry. A clinical and bacteriological study of the
secretion of the prostate gland was performed in
all participants. Also, patients independently com-
pleted the NIH-CPSI questionnaire, translated into
Russian.

Before the start of medication the level of local
microcirculation was determined in all patients by
laser doppler flowmetry using the domestic appa-
ratus LAKK-01; the measurement was performed
on the perineum at the projection point of the pros-
tate. Laser doppler flowmetry (LDF) is a modern
method of non-invasive assessment of the state
of microcirculation, based on a change in the fre-
quency characteristics of the laser beam probing
the tissue when it is reflected from moving blood
components, primarily red blood cells. Computer
processing of the obtained dopplerogram allows to
calculate the integral indicator (index) of microcir-
culation (MI), characterizing tissue perfusion. MI
is directly proportional to the velocity of red blood
cells, the number of functioning capillaries and he-
matocrit volume in microvessels; it is expressed in
perfusion units (p.u.). We also took into account 0 —
standard deviation, which reflects the temporal
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Teab (MHAEKC) MUKponupkyasaiuu (MM), xapakTe-
pusytouii nepdysuto Tkane. UM npsamo mpormop-
IIMOHAJIEH CKOPOCTH ABHIKEHUS SPUTPOIMTOB, KO-
JINYecTBY (YyHKIIMOHUPYIOIIUX KAIUJIJISIPOB U Be-
JIMYMHE TEMATOKPUTA B MUKPOCOCY/1aX; BbhIpaskaeT-
cs B Iepy3UOHHBIX efuHUIAX (1. e71.). Takxke yuu-
THIBAJIUCh O — CPETHEKBAIPATUUECKOE OTKJIOHEHHE,
KOTOPOE OTpakaeT BpEMEHHYI0 H3MEHUYHBOCTH KPO-
BOTOKA, K — K03 pHUIIMEeHT Bapuanyu, XapaKTepH-
3YIOIIUN COOTHOIIEHUE BEJIUYUHBI NEPPY3UU TKa-
Hel U ee U3MEHYUBOCTU. BceM marueHTam 0 BMe-
II1aTeJILCTBA BBIMIOJIHAIN YPODIOyMETPUIO, BO Bpe-
MsI KOTOPOU OIIEHWBAJIM MaKCUMAaJIbHYIO0 CKOPOCTH
Moyvencryckanus (Q . ) ¥ CpeTHIOI CKOPOCTh MOYe-
ucnyckanus (Q, ).

KonTposibHOE 00ciie/loBaHNE TPOBOJUIIA Ye-
pe3 7 Heq (Ha 44—45-i neHb). OKOHUYATEIbHBINA pe-
3yJIBTAT JIEUEHUsI ONPEEsISIIA Yepe3 MECSI] ToCye
BBEJIEHUS TIOCJIETHETO CYIITO3UTOPHS (30 + 2 THS).
B TeueHHe 3TOro BpeMeHH MAIUEHTHI He TOIyJasn
HUKAKOTO JIEUYEHHU .

PesysibraThl JieueHUsl pacleHHBaJId B Tpaja-
IUU: OTJIUYHBIE, Xopolue, HeT 3dderra. OTaANY-
HBIH pe3ysIbTaT MOAPa3yMeBasl CHUKEHHE CYyMMBI
6asutoB o mkase NIH-CPSI 10 14 u HUKe; yMeHb-
IIIeHVEe YWCJIa JIEMKOIMTOB B HAaTUBHOM MasKe Ce-
KpeTa TIpe/iCTaTeJTbHOU JKeJie3bl IIPU CBETOBON MU-
KPOCKOITHH /IO 10 B II0JIEe 3PEHUsI U MEHee; yIydIie-
HHe T0Ka3aresed YpoAUHAMUKA U MUKPOITUPKYJIs-
MU Ha 40 % u OoJiee OT UCXOAHOTO. XOPOIIUH pe-
3yJIBTAT O3HAYAJI CHUKEHHE CyMMBbI 0aJIJIOB 10 TITKa-
sie NTH-CPSI Ha 30 % u 60jiee 110 CpaBHEHHIO C HC-
XOZHBIM, HO Oo0Jiee 15; YMEHBIIIEHUE YHCIIa JIEHKO-
[IUTOB B HATUBHOM Ma3Ke CeKpeTa IIpeCcTaTeIbHOU
JKeJIe3bl IIPU CBETOBOM MUKPOCKOIIUK Ha 30 % u 60-
Jiee 10 CPAaBHEHHUIO ¢ UCXOIHBIM, HO BBIIIIE 10 B TIOJIE
3peHusl; VYJydllleHWe IIOKa3aTeJled YpOoJAuHaMU-
KA ¥ MUKPOLIUPKYJISIUU HA 20—39 % OT UCXOITHO-
ro. Eciiu mo okoHYaHUH TPOBEZIEHHOTO Kypca Tepa-
iy cymma 6asitoB o mkasie NITH-CPSI ocraBasacek
BBIIIIE 15 ¥ YMEHBIIIEHUE TI0 CPABHEHUIO C UCXOTHBIM
OBLIIO MeHee, YeM Ha 30 %, COXpaHAJCS JIEHKOIH-
TO3 CEKpeTa MPOCTAThl M OTCyTCTBOBAJIO 3HAUHMMOE
yJIydIlleHHe IToKa3aTesel 1Mo pe3yipraraM ypodJio-
ymerpuu u JIJI®, cuurtanu, 4To JieueHue ObLJIO He-
9ddEKTUBHO.

Cratuctuueckas o6paboTKa pe3ysabTaToB IIPO-
Be/ieHA HA TIEPCOHAJIBHOM KOMITBIOTEPE C TIOMOIIHIO
nporpamm Microsoft Excel 2007 u Statistica for
Windows 6.0. Ompezensin cpeqHion apudMeTH-
yeckyio (X), OTKJIOHEHUEe OT cpeHel apudmernye-
CKOH (x — X), ;lajlee pacCUMTHIBAJIN CPETHEKBA/Ipa-
THYECKOe OTKJIOHEHUE (0) U CPEHIOI0 OMTUOKY OTHO-
CUTEJbHON BeJUUYUHBI (m). [y peleHust Bompoca

variability of blood flow, K — coefficient of varia-
tion, which characterizes the ratio of tissue perfu-
sion and its variability. Prior to the intervention,
all patients underwent uroflowmetry, during which
the maximum urinary flow rate (Q__ ) and the aver-
age urinary flow rate (Q, ) were evaluated.

Control examination was performed after
7 weeks (on the 44—45™ day). The final treatment
result was evaluated one month after the last sup-
pository administration (30 + 2 days). During this
time patients received no medication.

The treatment results were regarded in grada-
tion: excellent, good, no effect. An excellent result
implied a reduction in the total score on the NIH-
CPSI scale to 14 and below; a decrease in the num-
ber of leukocytes in the native smear of prostate
secretion under light microscopy to 10 in the field
of view or less; improvement of urodynamics and
microcirculation by 40% or more from the initial.
A good result meant a reduction in the total score
on the NIH-CPSI scale by 30% or more compared
to the initial, but more than 15; a decrease in the
number of leukocytes in the native smear of pros-
tate secretion under light microscopy by 30% or
more compared to the initial, but above 10 in the
field of view; improvement of urodynamics and mi-
crocirculation by 20—39% of the initial one. If at the
end of the course of therapy the total score on the
NTH-CPSI scale remained higher than 15 and the
decrease compared to the initial was less than 30%,
the leukocytosis of the prostate secretion remained
and there was no significant improvement in the re-
sults of uroflowmetry and LDF, then the treatment
was considered inefficient.

Statistical processing of the results was car-
ried out on a personal computer using the pro-
grams Microsoft Excel 2007 and Statistica for
Windows 6.0. The arithmetic mean (x), the devia-
tion from the arithmetic mean (x — x) were deter-
mined, then the standard deviation (o) and the
average error of the relative value (m) were calcu-
lated. To solve the question of the randomness of
the discrepancies of the observed average (rela-
tive) values, the average error of the difference of
the two means was calculated. The results were
presented as mean + error of the mean (M + m).
Then, by comparing the average values of two
sample populations (M1 and M2), the Student
t-test was calculated and the significance level
p was determined. When assessing the reliabil-
ity of the results of the first stage of the study, a
non-parametric analogue of the Student t-test was

22
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0 CJIyIaWHOCTH PACXOXKIEHUU HAOJIIOIaeMBIX CPeJl-
HUX (OTHOCHUTEJIbHBIX) BEJIMUUH BBIUUCIISIIIA CPEJI-
HIOIO OITUOKY Pa3HOCTH JIBYX cpe/iHuX. [ToyueHHbIe
PEe3YJIbTAThI MPEJICTABIISIJIN KaK CPeHee + OIMOKa
cpenneit (M + m). lajiee TIOCPEICTBOM CpaBHEHUS
CpeJIHUX 3HAUEHWH JIBYX BBIOOPOUYHBIX COBOKYITHO-
crert (M1 u M2) Beraucisiu t-kputepuii CThIO/IEHTa
U OTIPeJIesIsiid YPOBEHb 3HAUUMOCTH p. IIpu olieHKe
JIOCTOBEPHOCTH PEe3yJIbTaTOB IEPBOT0O ATalla UCCJIe-
JIOBAaHUSI IIPUMEHSJIA HellapaMeTPUUECKUA aHaJIOT
kputepusa CThiofeHTa — KpuTepuii Manua — Yurt-
HU. CTAaTUCTUYECKU 3HAYUMBIMHU CUHMTAJIM Pa3jIv-
YU TIPH P < 0.05.

PE3YJ/IBTATBI 1 OBCYXK/IEHUNE

W3yuaemble TPYIIIbI UCXOTHO OBLIN perpe3eH-
TAaTUBHBI, KAKUX-TUOO Pa3JMYUN 0 HU3y4aeMbIM
rapaMeTpaM JI0 Hayaja JiedeHHs He ObLio. Panee
OBLIO YCTAHOBJIEHO, YTO XPOHUYECKOE BOCIIAJIEHUE
accoruupoBaHo ¢ Gpubpo3oM u uTo GUOPO3 MpocTa-
THI KOPPEJIUPYET C YXYAIIEHUEM MHUKPOIUPKYJIs-
WU ¥ yPOAUHAMUKH [23], TOsTOMY cTeneHb ¢hpubpo-
reHe3a Mbl OIIEHWBAJIU II0 3TUM KOCBEHHBIM JIaH-
HbIM. HapyIiieHre MUKPOIIUPKYJIAIUYA — KJIFOYEBOH
MOMEHT XPOHHYECKOT'O BOCIIAJIEHUs; €€ BOCCTAHOB-
JIeHVe 3aKOHOMEPHO NMPUBOJIUT K CHUKEHUIO OTEKa
TKaHEH, yJIy4IllaeT OTTOK BOCHAJIUTEJIBHOTO CeKpe-
Ta, YTO OITOCPEIOBAHHO KYIHUPYET BOCIIATUTEIHHBIE
peakiuu. I3MeHeHNe HHAEKCA MUKPOITUPKYJISIUN
Ha ¢oHe pepMEHTOTEPATINH IIPEJICTABIEHO Ha PHC 1.

ITo mapameTpy 0 (cpegHEKBaipaTHYECKOe OT-
KJIOHEHHE, KOTOPOE OTPAKaeT BPEMEHHYIO U3MeH-

14 -

12 -

used — Mann — Whitney U-test. The differences at
P < 0.05 were considered statistically significant.

RESULTS AND DISCUSSION

Both groups were initially representative;
there were no differences in the studied parameters
before treatment. It was previously established that
chronic inflammation is associated with fibrosis
and that prostate fibrosis correlates with worsening
microcirculation and urodynamics [23]; therefore,
we estimated the degree of fibrogenesis from these
indirect data. Disturbance of microcirculation is
a key point in chronic inflammation; its restora-
tion naturally leads to a decrease in tissue edema,
improves the outflow of inflammatory secretion,
therefore indirectly stops inflammatory reactions.
The change in the microcirculation index against
the background of enzyme therapy is presented in
Fig. 1.

According to o parameter (standard deviation,
which reflects the temporal variability of blood
flow), statistically significant differences were also
obtained both in MG (dynamics is from 3.6 + 0.4
initially to 4.1 + 0.1 at the end of therapy and
4.8 + 0.5 one month after treatment) and in CG,
in which this indicator remained stable through-
out the observation period (3.5 + 0.4, 3.7 + 0.4,
3.6 £ 0.3 respectively).

Thus, a statistically significant improvement in
microcirculation was achieved in the main group.

HUcxoano / Initially

Cpasy nocJie Tepanuu
Immediately after therapy

Yepes 1 Mec 1I0CJIe Tepanuu
1 month after therapy

——O0I'/MG ——TIC/CG

Puc. 1. [luHaMIKa UH/IEKCA MUKPOITUPKYJIAIAN
Fig. 1. Dynamics of the microcirculation index

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

23



doi: 10.31549/2542-1174-2020-1-17-30

Kyavuasens E.B., Bapanuyxosa A.A. / Journal of Siberian Medical Sciences 1 (2020) 17-30

mi/c 25
ml/s

20

(93}

Qmax1 Qmax2 Qmax3

or
MG

Puc. 2. [lunamuka napamerpos ypodaoymerpuu (Q_ , Q

10 l I l l .

— HMCXOJHBIE NaHHbIE; Q. Q

avel

Qaver

rc
CG

Qave2 Qaves

— cpaay I0CJIe TepaIny;

ave2

Qx5 Quyes — TIPH KOHTPOJIBHOM 00CIIEJ0BAHNY YePe3 MeCsIIL [I0CJIe TePaIiy)

Fig. 2. Dynamics of uroflowmetry parameters (Q___, Q,  — initially data; Q__ ., Q

— immediately after therapy;

ave2

Q axy Quve; — during follow-up examination one month after therapy)

YHBOCTh KPOBOTOKA) TaK>Ke ObLIIM ITOJTyYEHbI CTaTH-
CTUYECKH 3HAUUMBble pasauuuns kak B OI' (muHamu-
Ka OT 3.6 + 0.4 UCXO/THO JI0 4.1 + 0.1 IO 3aBEPIIEHUH
Tepanuu U 4.8 + 0.5 yepes3 MecsI] MOoCcJIe JeUeHHUsT),
Tak ¥ B I'C, B KOTOpPOU 3TOT MOKa3aTesJ b OCTaBaJI-
cs1 cTaOUJIBHBIM Bce BpeMsi Habsoenus (3.5 + 0.4,
3.7 + 0.4, 3.6 £ 0.3 COOTBETCTBEHHO).

TakuMm oOpa3oMm, B OCHOBHOW TpyIIle JOCTHT-
HYTO CTATUCTUUECKU 3HAYUMOE YJIyUIIIeHHEe MUKPO-
MUPKYJISIIUU.

BeICTpHIN perpecc BocmaJeHUs U yIydIlIeHue
MUKPOIUPKYIAINUN TPEAOTBPAIAIOT H30BITOU-
Hoe oOpasoBanue ¢ubpPo6IACTOB U MOJIOKUTETH-
HO BJIMSIIOT Ha IapaMeTphl MOYeucIyckaHus. B pe-
3yJIbTaTe CHMIITOMAaTHKa XPOHUUYECKOTO IIpOCTa-
TUTA UCUYE3AET, UYTO MOATBEPIK/IAET CTATUCTUUECKHU
3HAYMMOeE CHUKeHue 0asioB 1o mkajae NIH-CPSI
(puc. 2, 3).

VaydieHre MUKDPOIUPKYJISAIHNNA U MOUYEHCITY-
CKaHHUs CO37]aJI0 TPEANOCHUIKH K KYIHUPOBAHUIO
BOCITaJIEHU S, YTO TIOJITBEPANIIO CTATUCTUUECKH 3HA-
YUMO€e CHIKEHHE UHCJIa JIEHKOIUTOB, 0OHAPY KeH-
HBIX IIPU CBETOBOH MHUKPOCKOIIHMHU CEKPETa IpPOCTa-
ThI (TabIn11a).

TakuMm 00pa3oM, IpPOBE/IEHHE AHTHUCKJIEPOTH-
JecKod (pepMeHTOTepaIuy IIPenapaToM JIOHTH/1a3a
MIPUBEJIO K JIOCTOBEPHOMY CHUKEHHIO BBIPAKEHHO-
CTH CUMIITOMATHUKHU ITPOCTATUTA, YBEJIMUEHUIO MaK-
CHMAaJIbHOM CKOPOCTH IIOTOKA MOYHU W YJIyUIIEHUIO
MHUKPOIUPKYJIAIUY TPOCTATHL.

Rapid resolution of inflammation and improve-
ment in microcirculation prevent the excessive for-
mation of fibroblasts and affect the parameters of
urination positively. As a result, the symptoms of
chronic prostatitis disappear, which confirms a sta-
tistically significant decrease in scores on the NIH-
CPSI scale (Fig. 2, 3).

The improvement in microcirculation and
urination created prerequisites for stopping in-
flammation, which was confirmed by statistically
significant decrease in the number of leukocytes
detected by light microscopy in prostate secretion
(the Table).

Thus, the implementation of antisclerotic en-
zyme therapy with Longidaza led to a significant
decrease in the intensity of prostatitis symptoms,
an increase in the maximum flow rate of urine and
an improvement of prostatic microcirculation.

In general, an excellent treatment result was
achieved in the main group in 21 patients (67.7%),
good — in g patients (29.1%), only in one case (3.2%)
there was no effect. In the comparison group, an ex-
cellent result was observed in 14 patients (48.3%),
good — in 11 (37.9%), and in 4 patients (13.8%) the
therapy was ineffective (Fig. 4).

Currently, some experience has been gained
with the use of Longidaza in urology. D.Yu. Push-
kar et al. [24, 25] found it advisable to prescribe
Longidaza 3000IU once every five days, a total of

24
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25

20

15

Basner / Points

10

(9}

HUcxoano / Initially

or
MG

Cpasy mocJie Jie4eHus
Immediately after therapy

Yepes 1 Mec 1OCIIE JIEUEHHS
1 month after therapy

IrcC
CG

Puc. 3. Pe3ynbrars! oneHkH 1o mkase cumntomoB NIH-CPSI
Fig. 3. NIH-CPSI scale symptoms results

JluHaMKKa BOCIAJIEHUs B [IPOCTaTe B OCHOBHOMU T'PYIIIIE U TPyIIe cpaBHeHus (n = 60)
The dynamics of prostate inflammation in the main group and the comparison group (n = 60)

I'pynma / Group

JIeAKOIUTBHI B CEKPETE IPOCTATHI (YHCJIO B IIOJIE 3PEHU )
White blood cells in the secretion of the prostate
(number per field of view)

OcnoBHas / Main (n = 31):
ucxoHo / initially
cpasy mocJie jeuenus / immediately after treatment
uyepes 1 Mec mmocsie iedeHus / 1 month after treatment

Cpasnenus / Comparison (n = 29):
ucxozHo / initially
cpasy mocsie ieuenns / immediately after treatment
yepes 1 Mec mocJie iedeHusi / 1 month after treatment

37.6 +4.5
14.2 + 3.9
12.1 + 2.8%

35.9+6.3
17.2 £ 2.7
21.4 + 2.1%%

*Pazuuns JAOCTOBEPHBI MEX /Yy UCXOAHBIMH U KOHEYHBIMHU JaHHBIMH.

The differences are significant between the initial and final data.
**Pazn4us JOCTOBEPHBI MEXK/ly IPyIIIIaMU.
The differences are significant between groups.

B 11e/10M OTJIMYHBIN pe3yabTaT JeYeHUs ObLI
JIOCTUTHYT B OCHOBHOHM TIpyIllle y 21 IaIjdeHTa
(67.7 %), XOpoIU# — y 9 HalIUEHTOB (29.1 %), TOJIBKO
B ofiHOM ciiy4ae (3.2 %) He 6b1710 a3 dexTa. B rpymme
CpaBHEHWS OTIMYHBIN PE3YyJIbTaT ObLI y 14 MMaIueH-
TOB (48.3 %), xopommit — y 11 (37.9 %), y 4 namueH-
TOB (13.8 %) Tepanus 6pL1a HeaDEKTHBHA (pHC. 4).

B HacTosiIiee BpeMsi HAKOILJIEH OIpe/ieJIeHHbIN
OIIBIT MPUMEHeHUs JIOHTHAa3bl B yposoruu. J.TO.
ITymkapb ¢ coaBT. [24, 25] counn 1e/1eco00pasHbIM
HazHaUueHUe JIOHTH/Ia3bl 10 3000 €7l. OJIUH pa3 B
MIATh JHEH, BCEro 10 MHBEKIUH, C IIeJIbI0 JIEUeHN U
MpOPUIAKTUKNA PA3BUTUS MIPOrPECCUPYIONIETO (PH-

10 injections, with the aim of treating and prevent-
ing the development of a progressive fibrotic pro-
cess in patients with chronic prostatitis, as well as
for the prevention of infravesical obstruction. V.P.
Avdoshin et al. [26] also noted the high efficiency
of antisclerotic therapy in the comprehensive treat-
ment of patients with chronic prostatitis (the au-
thors used Longidaza in rectal suppositories). A
good result of therapy, according to the authors, is
due to improved microcirculation and the abate-
ment of scar-sclerotic processes in the prostate.

It was shown that the use of Longidaza in the
standard therapy complex reliably contributes to
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OT/JIMYHBIN pe3ysIbTaT
Excellent result

Xopomwii pe3ysbTaT
Good result

Her addexra
No effect

“Fn |
MG CG

Puc. 4. CpaBuutesibHast 3G PeKTHBHOCTD KOMIIJIEKCHOTO JIeueHHU s 60JIbHBIX XpOHHUeCKUM ITpocTaTuToM B OT u I'C
Fig. 4. Comparative effectiveness of comprehensive treatment of patients with chronic prostatitis in MG and CG

6posHoro mporiecca y 60JIbHBIX XPOHHYECKUM IIPO-
CTaTUTOM, a TakKe AJA NpoduIaKTUKU HHpaBe-
3UKaIbHOUN 00cTpyKIuu. B.I1. ABAOIINH ¢ coaBT. [26]
TaK>Xe OTMETUJIU BBICOKYIO 3(PPeKTUBHOCTH aHTU-
CKJIEPOTUYECKOU TEPATIUY B KOMILJIEKCHOM JIEUeHUH
0OJIBHBIX XPOHUYECKUM IIPOCTATUTOM (ABTOPBI ITPH-
MEHSIJIU JIOHTU/Ia3y B PEKTAJIBHBIX CYIIIIO3UTOPHUAX).
XopoImuii pe3ysibTaT TepaluH, M0 MHEHHUIO aBTO-
POB, 00YCJIOBJIEH YJIYUIIEHHEM MHKPOIIUPKYJISAIIHU
U ocsabieHreM pyOI0BO-CKIEPOTHYECKHUX MTPOIeCc-
COB B IIPOCTATe.

ITokazaHo, YTO WCIIOJIB30BAHUE JIOHTU/IA3HI B
KOMILJIEKCE CTaHAaPTHOM TEPAINH JOCTOBEPHO CIIO-
cOOCTBYET HCUE3HOBEHUIO MJIM YMEHBIIEHUIO CHM-
ITOMOB 3a00JIeBaHUsI, PEIPECCUU BOCIAJIUTETBHO-
nposinepaTUBHBIX W3MEHEHUU B IIPECTATENh-
HOH ’Keje3e U CHIIKAET YaCTOTy 0OOCTpeHUi
B 2.8 pasa [27]. JI.A. XogpIpeBa c coaBT. [27] mpoaHa-
JIMBUPOBAJIA PE3YJIbTAThl KJIMHUYECKUX HCCIIEIOBA-
HUH 110 MPUMEHEHUIO JIOHTU/Ia3bI IPU XPOHUYECKOM
IPOCTaTUTE, IMPOBEJEHHBIX B KJIUHUKAX MOCKBEI.
[TpoBeneno ciemnoe, 1IanEeb0-KOHTPOJIUPYEMOE,
PaHJOMHU3UPOBAHHOE  WCCJIEJIOBAHHE, KJIMHUYE-
ckas ¢daza II [25]. B uccienoBanue BKIOYAIH 60Ib-
HBIX XPOHUYECKUM OaKTepHaIbHBIM 1 abaKTepHasIb-
HBIM IIPOCTATUTOM; Pe3YJIbTaThI OIIEHIBAJIN IO IIIKa-
Jie CHMIITOMOB ¥ HOPMAaJTU3aIu OO'beKTUBHBIX TaH-
HbeIX. Okazasoch, 4YTO 3PEEKTUBHOCTH JIEUEeHUS B
TpyIIIe JOHTUAA3HI JocTura 82.1 %, a B TpyIIIIe IJ1a-
1e6o — 71.4 %. B Apyrom cpaBHUTEIHOM, PaH/IOMU-

the disappearance or reduction of disease symp-
toms, to the regression of inflammatory prolifera-
tive changes in the prostate gland, and reduces the
frequency of exacerbations by 2.8 times [27]. L.A.
Khodyreva et al. [27] analyzed the results of clinical
studies on the use of Longidaza in chronic prosta-
titis, conducted in Moscow clinics. A blind, place-
bo-controlled, randomized trial, clinical phase II,
was performed [25]. The study included patients
with chronic bacterial and abacterial prostatitis;
the results were evaluated on a scale of symptoms
and normalization of objective data. It turned out
that the effectiveness of treatment in the Longidaza
group reached 82.1%, and in the placebo group —
71.4%. Another comparative randomized, placebo-
controlled clinical trial revealed a decrease in pros-
tate fibrosis, an enrichment of vascular pattern,
and an increase in blood flow velocity in prostate
vessels according to ultrasound dopplerography in
patients with chronic prostatitis receiving Longid-
aza [28]. In the next study of the same authors [29],
along with Longidaza, local low-intensity magnetic
laser therapy was performed, which improved the
final result of treatment.

The use of Longidaza in rectal suppositories,
and to a greater extent in injections, contributed to
the normalization of interleukins, components of
the complement system, restored the functional ac-
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3UPOBAHHOM, ILIAIE00-KOHTPOJIUPYEMOM KJIUHUYE-
CKOM HCCJIeJTOBAaHUN OTMEUYEHO yMeHbIeHune hpubpo-
3a MpeJCTaTeIbHON 3KeJie3bl, 00OralleHue COCYIH-
CTOTO PUCYHKA, TIOBBINIIEHNE CKOPOCTH TIOTOKA KPOBHU
B COCY/Iax IPEJICTATETbHOU 3KeJIe3bI 110 JIAHHBIM YJIb-
TPa3BYKOBOTO JIOIJIEPOrpadUUYECKOro HCCIIeI0Ba-
HUs Y MAIUEHTOB ¢ XPOHUYECKUM ITPOCTATHUTOM, I10-
JIy4aBIIUX JOHTHa3y [28]. B apyrom uccieoBanuu
ATHUX JKe aBTOPOB [29] HApAMY C JIOHTUIA30H ITPOBO-
JIUJIA  JIOKQJIbHYI0 HH3KOMHTEHCUBHYI MarHUTO-
JIa3epHYIO TEPAIUIO, UTO YJIyUIITHIO KOHEUHBIN pe-
3yJIBTAT JIEYEHU 1.

IIpuMeHeHHe JOHTUA3bl B PEKTAJIBHBIX CYIITIO-
3UTOPUAX, U B OOJIBIIIEN MEPE — B UHBHEKIIUAX, CIIO-
c0oOCTBOBAJIO HOPMAJIU3AIMH HHTEPJIIEHKUHOB, KOM-
IIOHEHTOB CHUCTEMbI KOMIIJIEMEHTA, BOCCTAHABJIMBA-
JI0 (PyHKIIMOHAJIPHYI0 aKTUBHOCTH MOJTUMOPQHHOS-
JIEPHBIX JIEHKOIIUTOB y OOJIBHBIX IOOPOKAUYEeCTBEH-
HOU TUIlepIJIa3uel IMpecTaTeIbHOU KeJIe3bl B CO-
YeTaHWH C XPOHUUECKUM IIPOCTAaTUTOM [30].

Hanuuue ¢ubposa B mpeAcTaTesIbHOH KeJe-
3€ YeJIoBeKa JIOCTOBEPHO YXY/IIIAET JIOKAJTbHYI0 MHU-
KPOIUPKYJIAIUIO, 2 TaKKe HEraTHBHO BJIMSIET Ha
KauecTBO MouenciryckauusA. CieoBaTesbHO, CTe-
TIeHb HapyIIeHUs MUKPOUMPKYJISIUNA U YPOJAUHA-
MUKHU OIIOCPEIOBAHHO CBUJIETEIBCTBYET O (GUOpO-
3UPOBAHUU TPOCTATHI MPH XPOHHUYECKOM IIPOCTa-
tuTe. OMHAKO 3TOT MPOIECC MOXKET OBITH 0OPATHUM
IIPY BKJIIOYEHUH B KOMIIJIEKCHYIO TEPAIIHIO IIPOJIOH-
TUPOBAHHOTO JIeWCTBUS (pepMeHTa THATYPOHUIA3BI
3a cueT yJIyUIlleHUs YKa3aHHBIX BBIIIIE [IOKa3aTeeH,
YTO KOCBEHHO CBH/IETEJILCTBYET O perpecce pubpos-
HBIX U3MEHEHUH.

B HameMm uccite/JoBaHU Y TEPEHOCHMOCTH JIOHTH-
Jlasbl ObLIa XOpOIliasi, HX B OZJHOM CJIydae He pa3BU-
JIMCh CKOJIBKO OBI TO HH OBIJIO 3HAYMMBbIE IOOOUYHBIE
peakiuu. JloHruaaza obJaaeT rHaTypoOHUA3HON
(dbepMeHTAaTUBHOI) aKTUBHOCTHIO MPOJIOHTHPOBAH-
HOTO JIEHCTBUSA, XeJaTUPYIOIIUMHU, aHTUOKCUIAHT-
HBIMU M YMEPEHHO BBIPA’KEHHBIMU HPOTHBOBOCIIA-
JIUTEJIbHBIMH CBOUCTBAaMH, UTO IOJITBEPIUIIOCH JIO-
CTOBEpPHO 00Jiee BBIPAKEHHBIM CHUKEHHEM YHCIa
JIEUKOITUTOB B CEKpETEe MMPOCTAThl B OCHOBHOU T'pyTI-
e manueHToB. JIOHTHa3a OTJIMYAeTCsI CIOCOOHO-
CTBIO HE TOJIBKO JIETIOJTUMEPU30BATh MAaTPUKC COETH-
HUTEJIbHOU TKAaHU B (PpUOPO3HO-TPAHYIEMATO3HBIX
00pa3oBaHUAX, HO U MOAABJIATH OOPAaTHYIO PEryJisi-
TOPHYIO PEAKIINIO, HAIIPABJIEHHYIO HA CUHTE3 KOM-
IIOHEHTOB COeAUHUTEIPHOU TKAHI; 9TO CBOMCTBO 00-
YCJIOBHJIO HapacTaHHeE MOJIOKUTEIBHOTO 3¢ deKTa B
TeueHHe MecsI1a II0CJIe OKOHYAHU A Kypca JIeUeHu .

3AKJIOYEHUE

AHTHCKJIepoTHYecKas pepMeHTOTepaINs Ipe-
rapaToM JIOHTH/ja3a B popMe peKTaIbHBIX CyIIIIO3HU-

tivity of polymorphonuclear leukocytes in patients
with benign prostatic hyperplasia in combination
with chronic prostatitis [30].

The presence of fibrosis in the human prostate
gland significantly worsens local microcirculation
and also negatively affects the quality of urina-
tion. Therefore, the degree of microcirculation and
urodynamics impairment indirectly indicates the
fibrosis of the prostate in chronic prostatitis. How-
ever, when the prolonged-action enzyme hyaluroni-
dase is included in a comprehensive therapy, this
process may be reversed due to an improvement in
the above mentioned parameters, which indirectly
indicates a resolution of fibrotic changes.

In our study, Longidaza tolerance was good,
in no case did any significant adverse reactions de-
velop. Longidaza has prolonged hyaluronidase (en-
zymatic) activity, as well as chelating, antioxidant
and moderately pronounced anti-inflammatory
properties, which was confirmed by a significantly
more pronounced decrease in number of leukocytes
in prostate secretion in the main group of patients.
Longidaza is distinguished by its ability not only
to depolymerize the matrix of connective tissue in
fibro-granulomatous formations, but also to sup-
press the opposite regulatory reaction aimed at the
synthesis of components of connective tissue; this
property has caused an increase in the positive ef-
fect within a month after the end of the treatment.

CONCLUSION

Antisclerotic enzyme therapy with Longidaza
in the form of rectal suppositories contributed to
a significant decrease in the intensity of prostatitis
symptoms, improvement of urodynamics and mi-
crocirculation of the prostate, which justifies the in-
clusion of the drug in the comprehensive treatment
of chronic prostatitis.
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CBEAEHHNA Ob ABTOPAX

KyasuaBena Exarepuna BajgepseBHa — [-p Men.
HayK, npodeccop kadeaps! Tybepkyneza PI'BOY BO
«HoBocuOUPCKUI TOCyZapCTBEHHBIM MeIUIMHCKHUI
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OpraHusainmuoHHHO-(apManeBTUUYECKHE ACIIEKThI
COBEPUICHCTBOBAHU S JIEKAPCTBEHHOI'0 o0ecneueHus gereu (Ha
npumMmepe CaHkr-IlerepOypra)

Hapkesuu 1N.A., Hemartsix O./1., Menasenesa [I.M., CmexoBa WU.E., JlaxyTeko FO0.M., Ctpesakos C.B.

®I'BOY BO «Cankm-Ilemepbypackuil 20cyoapcmeeHHblil XuMuko-@apmayesmureckull yHugepcumem»
Munsdpasa Poccuu

Organizational and pharmaceutical aspects of improving
medicinal provision of children (on the example of St. Petersburg)

Narkevich I.A., Nemyatykh O.D., Medvedeva D.M., Smekhova I.E., Ladutko Yu.M., Strelkov S.V.

St. Petersburg State Chemical Pharmaceutical University

AHHOTAIIA

B paboTe paccmarpuBaeTcs npobiiema obecrieueHus eTei 6e3onacHpIMU 1 3P bEKTUBHBIME JIEKAPCTBEHHBIMU IIpe-
napatamu (JIIT). OTcyTCTBHe JIeKapCTBEHHBIX CPEJICTB, 00ECIIEUNBAIOIINX BO3PACTHOE I03UPOBAHNE AKTUBHBIX HHTPEH-
€HTOB M COOTBETCTBYIOIIUX COBPEMEHHOMY YPOBHIO Pa3BUTHS MEAUATPUH, SIBJISIETCS MPUINHON HepalMOHAIbHBIX (off-
label, unlicensed drug) Haznauyenuii. CoryracHo ompoca 157 axcreptos u3 Caukr-IleTepOypra (Bpaueil BbICIIEH KATETOPHH,
paboTaoIKX B OT/IEJIEHUAX [T€ANATPHIECKOT0 TPOdUIIs), Tepanus «BHE MHCTPYKI[UN» IPeCTaBIeHa 113 MeXK/IyHapO/-
HBIMH HEIIATEHTOBAHHBIMYU HanMeHOBaHUsIMU JIII, OTHOCAIIUXCS K 40 (papMaKoTeparieBTUYECKUM I'PYIIaM — IPEUMy-
IIECTBEHHO B hopmax TabeTok (51.79 %), pacTBOPOB JJist nHBEKIUH (13.86 %), a Takke KarncyJ1 (8.64 %).

PemreHvie mpo6IeMbl «/I€TCKIX JIEKAPCTB» BO3MOXKHO ITyTEM OPTaHU3AI[UN MEJIKOCEPUITHOTO U HH/IUBU/IYaIbHOTO
anTevyHOro U3TOTOBJIEHU NIpenapaToB. Ha ceroguAHui 1eHs Ha Tepputopuu Poccuiickoit @enepannu (PP) 3aperu-
CTPHUPOBAHO IPABO Ha U3TOTOBJIEHUE JIEKAPCTBEHHBIX MIPENApaTOB JIsI METUIIUHCKOTO IPUMEHEHUs y 1648 JTUIeH3 -
aTOB, BOBMOXKHOCTb U3TOTOBJIEHUSI HADKOTUYECKHUX CPEJICTB, ICUXOTPOIHBIX BEIIECTB UMEIOT MeHee 2 % JINIeH3UATOB,
1/4 BceX MPOU3BOJCTBEHHBIX alITEK CKOHIEHTPUPOBAHKI B IBYX cyObekTax PD: Mockge (12 %) u Caukr-IlerepOypre
(9 %). Ilpobiema WHAMBUYATIBHOTO U3TOTOBJIEHU JIEKAPCTBEHHBIX IIPENapaToB BO MHOIOM 00yCJIOBJIEHA HECOBEP-
IIIEHCTBOM HOPMAaTHBHO-IIPABOBOTO PETYIUPOBaHUA hapMaIeBTUUeCKOH /IesITeIbHOCTU B TaHHOH o61actu. Ha ocHOBe
CUCTEMATHU3AIUH PE3YJIbTATOB IJIyOMHHOTO MHTEPBLIONPOBAHUSA PYKOBOJIUTEJIEH IPOU3BOACTBEHHBIX anTek CaHKT-
IleTepOypra mpe/yIoKeHbI IIyTH COBEPIIEHCTBOBAHUS CYLIECTBYOIINX MEXaHU3MOB rOCYyJapDCTBEHHOTO PETYINPOBa-
HUSL.

Karmoueswvtle crosa: JIEKAapCTBEHHOE obecrieuenme IIeTefI, UHAUBUYAJTIbHOE U3TOTOBJIEHUE JIEKADCTBEHHBIX IIPEIapa-
TOB, alITEYHAaA OpraHu3anus.

ABSTRACT

The paper deals with the problem of providing children with safe and effective medications. The lack of medicines
that ensure agerelated dosing of active ingredients and correspond to the current level of development of pediatrics is the
reason for irrational (off-label, unlicensed drug) administrations. According to a survey of 157 experts from St. Petersburg
(doctors of the highest category working in pediatric departments), off-label therapy is represented by 113 international
nonproprietary names of drugs belonging to 40 pharmacotherapeutic groups — mainly in the form of tablets (51.79%),
solutions for injection (13.86%), as well as capsules (8.64%).

The problem of children-appropriate medicines can be solved by organizing small-scale and individual pharmaceuti-
cal manufacturing of drugs. To date, on the territory of the Russian Federation, 1648 licensees have registered the right to
manufacture drugs for medical use, less than 2% of licensees have the ability to manufacture narcotic drugs, psychotropic
substances, 1/4 of all compounding pharmacies are concentrated in two regions of the Russian Federation: Moscow (12%)
and St. Petersburg (9%). The problem of the individual mannfacturing of medicines is largely due to the imperfection in
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regulatory environment in pharmaceutical industry. Based on the systematization of the results of fundamental interview-
ing of compounding pharmacies managers in St. Petersburg, ways to improving the existing mechanisms of state regula-

tion are proposed.

Keywords: medicines provision for children, individual manufacturing of drugs, pharmacy organization.

BBEJAEHMUNE

HecmoTps Ha ycmexu, JHOCTUTHYTBHIE POCCHI-
cKoU (hapMalleBTUUECKOU OTPACIbIO0, TpobiemMa o6e-
CIIeueHUsI JleTel U MOAPOCTKOB Oe30IacHbIMHU U (-
(bexTUBHBIMIY JIeKAPCTBEHHBIMU ITpernapatam (JIIT)
B IIpHEeMJIEMBIX (pOpMax BBIIIYCKA OCTAETCS 10 KOHIIA
He pellleHHON. AHaym3 HaruoHaIbHOTO TIe/THaTPH-
YecKoro (popmysisipa MOKa3bIBAET, UYTO IAXKE B ITOM
JIOKyMeHTEe BO3MOKHOCTH HCIIOJIb30BAHUS y JeTel
U BO3pacTHbIe OTPAHUYEHUS YKa3aHbI IPOU3BOIHU-
TeJIIMU TOJIBKO 71 37.30 % Ipemnaparos; 74.05 %
no3unuii HarumonasibHOTO neuarpudeckoro ¢op-
MYyJIIpa OTHOCATCS K CIUCKY *KM3HEHHO HeoOXOu-
MBIX U Ba)KHEHIITUX JIEKAPCTBEHHBIX IIPENapaToB,
IIPY 3TOM JIMIIB 31.08 % BKJIIOYEHBI B AaHAJIOTHYHBIA
dopmyssp BO3 [1].

Hannuwne "eparuonasnbubix (off-label, unlicen-
sed drug) HasHayeHUU MPOAUKTOBAHO TSKECTHIO
MaTOJIOTUN U OTCYTCTBHEM aJIbTEPHATUBHBIX, pa3-
PEIIeHHbIX K IPUMEHEHUIO B IETCKOU ITPAKTUKE, JIe-
KapCTBEHHBIX IpemnaparoB. [Ipobiema ocIoKHAET-
s TAK Ke OTCYTCTBUEM IIEJIOTO Ps/Ia IETCKUX JIeKap-
CTBEHHBIX (OpPM, 00ECIIeUnBAIONUX BO3PACTHOE JI0-
3UpoBaHMe (PapMaKOJIOTUUEeCKU aKTHUBHBIX HHIDe-
JTUEeHTOB, 3(GGEKTUBHOCTh U YAOOCTBO HCIIOJIB30-
BAHUSA JIJIS1 JIEYEHUs MAITUEHTOB JI0 ToJa, MaIueH-
TOB C YTPOKAIOIIMU KU3HU COCTOSHUSAMU U JIeTel,
HYK/JAIOIUXCS B MAJITMATUBHOM MTOMOIIH [2, 3].

IOEJDb UCCAEAOBAHUA

IIpoBecTu OLIEHKY OpraHU3aIMOHHO-(apMa-
LEBTUYECKUX ACIIEKTOB U OIIPEJETUTH IIyTH COBEP-
IIEHCTBOBAHUS JIEKAPCTBEHHOTO ObOecIieyeHus fe-
Teii Ha mpuMepe CaHkT-IleTepOypra.

MATEPHUAJIBI 1 METO/IbI

O6bekTaMu HCCIe0BaHus Caykuuu Locymap-
CTBEHHBIN peecTp JekapcTBeHHBIX cpeacTs (I'PJIC)
II0 COCTOSTHUIO Ha 24.04.2019 [4], equHbINA peecTp
JUIEeH3ul Poc3ipaBHa/3opa MO COCTOSHHUIO Ha
24.04.2019 [5], aHKETHI SKCIIEPTOB.

IKCIEPTHBIA OIPOC MPOBOAUJICA METOJIOM aH-
KETUPOBAHUA 157 SKCIIEPTOB — Bpauel BhICIIEN Ka-
TErOpUU, KOTOPble UMEIOT CTaXXK PaboThI B OT/EJIe-
HUAX [MEAUATPUUECKOTO TPOGUIIA 5 METUITMHCKUX
opraumuzanuii Cankt-IleTrepOypra oT 10 JieT u 60-
Jiee, Iipu 3TOM 60J1ee 30 % PECIOHEHTOB HETIOCPE-
CTBEHHO YyYaCTBYIOT B (pOPMUPOBAHUY 3aTBOK Ha 3a-

INTRODUCTION

Despite the successes achieved by the Russian
pharmaceutical industry, the problem of providing
children and adolescents with safe and effective
drugs in acceptable presentation remains not fully
resolved. An analysis of the National Pediatric For-
mulary shows that even in this document, the pos-
sibilities of use in children and age restrictions are
indicated by manufacturers for only 37.30% of the
drugs; 74.05% of the National Pediatric Formulary
items belong to the list of vital and most important
drugs, while only 31.08% are included in the same
WHO form [1].

The presence of irrational (off-label, unlicensed
drug) prescriptions is caused by the severity of the
pathology and the lack of alternative medicines ap-
proved for use in pediatric practice. The problem
is also complicated by the lack of a number of chil-
dren’s formulations that provide age-related dosage
of pharmacologically active ingredients, effective-
ness and ease of use for treatment of patients under
1 year of age, as well as patients with life-threat-
ening conditions and children requiring palliative
care [2, 3].

AIM OF THE RESEARCH

Assess organizational and pharmaceutical as-
pects and determine ways to improve the medicine
provision of children using the example of St. Pe-
tersburg.

MATERIALS AND METHODS

The objects of the study were the State Register
of Medicines as of April 24, 2019 [4], the Unified
Register of licenses of Federal Service for Surveil-
lance in Healthcare (FSSH) as of April 24, 2019 [5],
and questionnaires of experts.

An expert survey was conducted using the
questionnaire method in which 157 experts took
part — doctors of the highest category who have
worked in pediatric departments of 5 medical or-
ganizations of St. Petersburg for 10 years or more,
besides more than 30% of respondents directly
participated in the formation of applications for
the purchase of drugs for children. We also con-
ducted in-depth interviews with 15 managers of
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kynku JIIT s nereii. Takke IPOBOAMIIN TyOHH-
HOe MHTEPBBIONPOBAHUE 15 PYKOBO/IUTEJIEN ITPOU3-
BOJICTBEHHBIX aIITEK C OMBITOM PabOThI B TPAKTHYE-
ckoit papmaruu CaukT-IleTepOypra oT 10 yieT u 60-
Jiee, TIPeZIoJIaraBlllee MOJlyYeHNe OT PECIIOH/IEHTa
Pa3BEpHYTHIX OTBETOB B UYACTH OPraHU3AIIMOHHO-
(bapmarieBTUUECKNX ACIEKTOB BHYTPHUANTEYHOIO
W3TOTOBJIEHU JIEKAPCTBEHHBIX [IPENIAPATOB /1A I1e-
JIUaTPHUH.

Jlanaele 00pabaThIBad € HCHOJIH30BAHUEM
nporpammbl Excel 2016 (Microsoft).

PE3YJIBTATHBI U OBCYXKJEHUNE

[osryueHHBIE TAHHBIE CBU/IETEIHCTBYIOT O TOM,
YTO B [TEAUATPUUECKOM IPAKTHKE TEPATIUS «BHE HH-
CTPYKIIMU» TPEJICTaBJIeHa 113 MeXKyHaPOIHBIMHU
HeIaTeHTOBAaHHbIMKU HauMeHoBaHusamvu (MHH).
ITpu aTOM OOparaer Ha cebs1 BHUMAaHUE OCTpasi He-
XBaTKa JIETCKUX JIEKAPCTBEHHBIX (DOPM B KATETOPUU
JOo1 «AHTHOAKTEepUaIbHBIE ITPENAPAThl CHCTEMHOTO
nectBua» (Tadsl. 1).

Crpykrypusanusa accoptuMmenTa «off-label na-
3HAYEHUI» II0 JIEKAapCTBEHHBIM (OpMaM IOKa3aJa,
YTO MPenaparhl IPe/ICTABIEHBI HPEUMYIIECTBEHHO B
dopmax Tabnerok (51.79 %), pacTBOPOB /IJIs1 UHBEK-
nuii (13.86 %), a Tak:ke Kamncyt (8.64 %) (puc. 1).

VYeraHoBJIeHO, UTO B CTPYyKType «off-label Ha-
3HaUeHuU» 33.8 % accopTUMeHTa HEe OPUEHTUPOBA-
HO HAa IeANATPUUECKYIO IPAKTHUKY (PHC. 2).

Pemrenye mMpo6JieMbl «JIETCKUX JIEKAPCTB» IIy-
TeM OpraHU3aI[UU MPOMBIIIJIEHHOTO ITPOU3BO/ICTBA
rnoTpebyeT GOIBIITNX UHBECTUIINH B CTPOUTEHCTBO
(PEKOHCTPYKIINIO, MOJIEPHU3AIHMIO, IEPeOCHAlle-
Hue) hapMaleBTUUEeCKUX MPEATPUATUHN, JIUTETb-
HBIX CPOKOB (3—6 JIeT) peau3aiiuil WHBECTUI[HIOH-
HBIX IIPOEKTOB, a Tak:ke (HOPMHUPOBAHUSA MEXaAHU3-
MOB KOMIIEHCAIIUU TIPOU3BOIUTENAM 3aTpaT IIPHU

compounding pharmacies of St. Petersburg with
experience in practical pharmaceutics of 10 years
or more, which implied receiving detailed answers
from the respondent regarding organizational and
pharmaceutical aspects of the intrapharmacy man-
ufacturing of medicines for pediatrics.

Data were processed using Excel 2016 (Micro-
soft).

RESULTS AND DISCUSSION

The data obtained indicate that in pediatric
practice, off-label therapy is represented by 113
international nonproprietary names (INN). At the
same time, an acute shortage of pediatric dosage
forms in category Jo1 Systemic antibacterial drugs
(Table 1) is noteworthy.

Structuring the assortment of off-label ad-
ministrations by dosage forms showed that the
drugs are presented mainly in the form of tablets
(51.79%), solutions for injection (13.86%), and cap-
sules (8.64%) (Fig. 1).

It was found that in the structure of off-label
administrations 33.8% of the assortment is not in-
tended for use in pediatric practice (Fig. 2).

Solving the problem of children-appropriate
medicines by organizing industrial production
will require large investments in construction
(reconstruction, modernization, re-equipment)
of pharmaceutical enterprises, long terms (3—6
years) for the implementation of investment pro-
jects, and the formation of cost compensation
mechanisms to manufacturers for small volumes
of manufactured batches. In addition, industrial
production is not effectivein the case ofthe release
of drugs with short shelf life, which include most

Ta6auna 1. Crpykrypusanus «off-label Haznauenuit» o papmaxkorepaneBTHYECKOMY /I€HCTBHIO
Table 1. Structuring of off-label administrations by pharmacotherapeutic action

Koz rpynnsl HaumMmeHOBaHMe IpyInbl Kosnmuectso MHH
Group code Group name Number of INN
Jo1 AnTHbaKTEPHAIBHBIE ITPENapaThl CUCTEMHOrO JieiicTBust / Systemic 12

antibacterial drugs
Aoy IIpoTuBOUAapEiHbIE, KUIIIEYHbIE IPOTHBOBOCIIATUTEIbHBIE U IIPOTUBO- 7

MuKpoO6HBIe npenapatsl / Antidiarrheal, intestinal anti-inflammatory and

antimicrobial drugs
Nos [IpoTuBoO3MUIENTHYECKHE TTpenapaTsl / Antiepileptic drugs 7
Log NmMmyHozmenpeccanTsl / Immunosuppressants 6
Ro06 AHTUTHCTAMUHHBIE CPEJICTBA CUCTEMHOTO JielicTBus / Systemic antihistamines 6
Go4 [Ipenaparsl, mpuMeHseMble B yposioruu / Drugs used in urology 5
Jos ITpoTHBOBUPYCHBIE IPENapaThl CUCTEMHOTO JieiicTBrs / Systemic antiviral 5

drugs
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Oxonuanue mabauuywt 1 / The end of the Table

Kop rpynmer HaumenoBaHue rpynmsl Konugectso MHH
Group code Group name Number of INN
No2 Amnaspreruxu / Analgesics 4

Ao3 IIpenapatsl A4 TedyeHnsa GyHKIIMOHAIBHBIX HAPDYIIEHUH JKeTyI09HO- 3

kumeaHo-ro Tpakta / Drugs for the treatment of functional disorders of the
gastrointestinal tract

Co1 IIpenapatsl A5 Jeuenus 3aboneBaunii cepana / Drugs for the treatment of 3
heart disease

Cos Huypetuku / Diuretics 3

Mo1 IIpoTHBOBOCHATUTEIbHBIE ¥ IPOTUBOPEBMATHUECKE ITpenaparsl / Anti- 3
inflammatory and anti-rheumatic drugs

Mo3 MuopeJsiakcaHTHI IeHTpaIbHOTO AeiicTBus / Central action muscle relaxants 3

Nos Ilcuxonentuku / Psycholeptics

Ro3 IIpenapaTsl 1151 JIeueHU s OOCTPYKTUBHBIX 3a00IeBaHUH JbIXaTeTbHBIX Iy TeH
Drugs for the treatment of obstructive airways diseases

Aos IIpenapatsl 11 JedeHus 3a00IeBaHUH [T€UEHU U JKEeTIEBBIBOASAIINX Iy TeH 2
Drugs for the treatment of the liver and biliary tract diseases

Bo1 AntutpomboTuueckue cpesactea / Antithrombotic agents 2

Bos Kposeszamenurenu u nepdysuonnsie pactBopsl / Blood substitutes and 2
perfusion solutions

Cos AuruonporekTops! / Vasoprotectives 2

Co7 Bera-agpenob6sokatops! / Beta-blockers 2

Go1 IIpoTHBOMHUKPOOHBIE IIpernapaThl U aHTUCENTHKY, IPUMEHseMbIe B THHEKOJIO- 2
ruu / Antimicrobials and antiseptics used in gynecology

Ros IIpoTHBOKaMLIEBbIE IPENAPATHI U CPEJICTBA JJIsl JIeYeHUsI IPOCTYAHBIX 3a60- 2
neBauuii / Antitussive drugs and medicines for the treatment of colds

So1 Odranpmosiornueckue npemnapatsl / Ophthalmic drugs 2

Do6 AHTHOMOTHKY U TPOTUBOMUKDPOOHBIE CPE/ICTBA, IPUMEHsIEMbIE B IEpPMATOJIO- 2
ruu / Antibiotics and antimicrobials used in dermatology

Ao2 IIpenapaTsl 1151 JeueHus 3a60IeBaHU, CBA3aHHBIX C HAPYIIIEHHEM KUCJIOT- 1
HoctH / Drugs for the treatment of acid-related diseases

Aog IIpemnapaTsl, CLIOCOOCTBYOIIME MUIIIEBAPEHNUIO, BKII0Yasi pepMeHTHBIE Ipemna- 1
patsl / Digestive aids, including enzyme drugs

A11 Buramuns! / Vitamins 1

A12 MunepanbHble f00aBku / Mineral supplements 1

Bo2 TemocraTuueckue cpeacrsa / Hemostatic agents 1

Bos Antudubpunonutuueckue cpeactsa / Antifibrinolytic agents 1

Co2 AnTurunepreH3uBHbIe cpencTBa / Antihypertensive drugs 1

Cog Ilepudepuueckre BazoauaaTaTopsl / Peripheral vasodilators 1

Cog CpezncTBa, IeHCTBYIOIINE HA peHIH-aHTHOTEH3UHOBYI0 cucTeMy / Drugs acting 1
on the renin-angiotensin system

Do8 AHTHCENTUKHY U ie3uHpHUIIUpyomue cpeacTsa / Antiseptics and disinfectants 1

Ho1 Topmons! runodusa 1 ruroTajgaMmyca 1 ux asasoru / Pituitary and 1
hypothalamic hormones and their analogues

Hoz2 KopTukKocTepouibl CHCTEMHOTO /ieticTBus / Systemic corticosteroids 1

Jo2 IIpoTHBOTrpHUOKOBBIE MIPEMapaThl CUCTEMHOTO ieficTBust / Systemic antifungal 1
drugs

Lo1 IIpoTtuBoOITyXx0JeBhIe pemapaThl / Antineoplastic drugs 1

Los NMmyHOocTUMYyAATOPS / Immunostimulants 1
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20.9

1.4

6.3

BospacTHble orpaHuyeHus He YKa3aHbl
Age restrictions are not specified

PaspeleHo K IpUMEHEHUIO 710 1 Tofa
Allowed for use under 1 year

PazpeliieHo K MIPUMEHEHUIO ¢ 1 TO/[a 710 3 JIET
Allowed for use from 1 to 3 years

Pa3spelieHo K IPUMEHEHUIO ¢ 3 /10 7 JIeT
Allowed for use from 3 to 7 years

PaspereHo K MpUMeHEHHIO € 7 [0 12 JIeT
Allowed for use from 77 to 12 years

Paspemnieno k npruMeHeHUIO ¢ 12 710 18 jeT
Allowed for use from 12 to 18 years

Pasperieno k npruMeHeHuUIo ¢ 18 et
Allowed for use from 18 years

Puc. 2. Crpykrypusanus «off-label Haznauenuii» no ocobeHHOCTAM IIPUMEHEHUs B ieAnaTpuu (%)
Fig. 2. Structuring of off-label adminisrtations by specifics of use in pediatrics (%)

MaJIbIX 00'beMax BBIMMYCKAEMbIX MapTUH MPOAYKTA.
Kpome TOro, IpoMbIIIJIEHHOE IIPOU3BOACTBO ABJIS-
ercsa He 3G (PEKTUBHBIM B CJIydyae BBIIIYCKA JIeKap-
CTBEHHBIX CPEJICTB C KOPOTKUMHU CPOKAMH TOIHO-
CTH, K KOTOPBIM OTHOCSITCsI GOJIBIIITHCTBO JIEKAPCTB
JULST HOBOPOXKZIEHHBIX U IETEH JI0 TO/Ia, a TAaK Ke Ipe-
apaToB, PelenTypa KOTOPhIX HEe BKJIIOUAET TPa -
[MOHHO HUCIIOJIb3yeMble B IPOMBIIIJIEHHOM IPOU3-
BOJICTBE BBICOKOAKTHBHBIE KOHCEPBAHTHI U CTAOH-
JIU3aTopHI [1, 6, 7].

CTOUT OTMETUTH, YTO UHAYCTpHUAIbHAS dap-
MalleBTUUecKass pa3paboTka  JieKapCTBEHHBIX
CPEJCTB Jisl HeJUaTpUU O00OCTPSET TaKiKe P
STHUYECKUX BOIIPOCOB B YaCTH IIPOBEIEHUs OnoMe-
JUITMHCKUX HCCJIeOBAaHUMN, UTO, B CBOIO OUYePEb,
OIpesiesisieT CJAOXKHOCTH, JIJIUTEJIHLHOCTh U BBICO-
KYI0 CTOUMOCTh HHUIIUUPYEMBIX TOTEHIIUATIbHBIM
IIPOU3BOJIUTEIEM MAOKJIUHUYECKUX U KIIMHHUYE-
CKUX UCIIBITAHUH [1].

AJIbTEPHATUBHBIM BapUAaHTOM SIBJISIETCA Op-
TaHU3AIUS MEJIKOCEPUHHOTO U WHAUBUIYAJIBHOTO
anTEeYHOTO W3TOTOBJIEHUS IpEnapaToB IIyTEM CO3-
JaHus (MOIEepHU3AIUY) TPOU3BOACTBEHHBIX alTeK
(bapmarneBTHUECKUX IIEHTPOB) B CcyOBekTax Poc-
cuiickor dejrepariuy, a TakKe MOJEPHU3AIUHU all-
TEeK IMEPUHATAJIBHBIX IEHTPOB, POJUIBHBIX IOMOB
U JIETCKUX CTAIIMOHAPOB B COOTBETCTBUHU C TPebOBa-
HUSAMH HaJIJIeKalledl anTedyHOH U MPOU3BOJICTBEH-
HOHM MPaKTHKH, [IPABUJI 000pOTa HAPKOTUUECKUX U
TICUXOTPOITHBIX BEIIECTB U UX MPEKYPCOPOB U MHBIX
HOPMAaTHBHBIX JIOKYMEHTOB B chepe oOpalieHus je-
KapCTBEHHBIX CPEJICTB [8, 9].

drugs for newborns and children under 1 year of
age, as well as drugs the formulation of which does
not include highly active preservatives and stabi-
lizers traditionally used in industrial production
[1, 6, 7].

It is worth noting that the industrial pharma-
ceutical development of medicines for pediatrics
emphasizes also a number of ethical issues in terms
of conducting biomedical research, which, in turn,
determines the complexity, duration and high cost
of preclinical and clinical trials initiated by a poten-
tial manufacturer [1].

An alternative variant is the organization of
small-scale and individual pharmacy manufactur-
ing of drugs by creating (modernizing) compound-
ing pharmacies (pharmaceutical centers) in the
constituent entities of the Russian Federation, as
well as modernizing pharmacies of perinatal cen-
ters, maternity and children’s hospitals in accor-
dance with the requirements of good pharmacy and
manufacturing practice, rules of circulation of nar-
cotic and psychotropic substances and their precur-
sors and other regulatory documents in the field of
drug circulation [8, 9].

Modification of pharmaceutical care for chil-
dren, associated with the formation of pharmacies
with the right to manufacture drugs (pharmaceuti-
cal centers) offers in the segment of extemporane-
ous dosage forms, can provide a relatively low cost
of the final product, as well as a significant reduc-
tion in patient care.

Journal homepage: http://jsms.ngmu.ru
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Mopuduranus ¢apManeBTHUYEeCKOU ITOMOIIA
JleTsiM, CBsA3aHHasA ¢ (OpPMHUPOBAHUEM amTeKaMu
C IIpaBOM H3TOTOBJIEHUS JIEKADCTBEHHBIX CPEJICTB
(papmaneBTHYECKUMU IIEHTPAMU) MIPEAJIOKEHUS B
CerMeHTe HKCTEMIIOPAJIbHBIX IIPErapaToB, CII0COOHA
00ecIeuynuTh CPAaBHUTEJIHLHO HEBBICOKYIO cebecTou-
MOCTb KOHEUHOTO IIPOZYKTa, a TAKKe CyllleCTBEeHHOe
COKpallleH/€e CPOKOB 00CITyKUBAHU A AIIHEHTOB.

BoisABJIEHO, UTO HA CETOAHSAINIHUN JIEHb HA Tep-
purtopuu Poccutickoit ®enepanyu ecTh IpaBo HA U3-
TOTOBJIEHHE JIEKAPCTBEHHBIX IIPENapaToB JJIs MeU-
IIMHCKOTO IPUMEHEeHUs y 1648 snuneHsuaros. Ilpu
9TOM BO3MOKHOCTHh U3TOTOBJIEHUS HAPKOTHYECKUX
cpefcTB, mcuxoTponHbix BemlecTB Croucka II Tle-
pedYHsT HADKOTUUECKHUX CPEJICTB, TICUXOTPOITHBIX Be-
IIECTB U UX MMPEKYPCOPOB, MOJJIEXKAITUX KOHTPOJIIO
B Poccuiickoit ®enepanuy, cyiiecTByeT y 68 anreu-
HBIX OPraHU3aIUi; IPAaBO Ha U3TOTOBJIEHUE TICUXO0-
TponHbIxX BemecTB Crincka 111 [lepeuns HaproTuye-
CKUX CPEJICTB, ICHXOTPOITHBIX BEIIECTB U UX IIPEKYP-
COPOB, TIOJIJIEXKATIIUX KOHTPOJTIO0 B Poccuiickoii @ene-
paiuu, ecTb y 195 JIMIEH3UATOB, YTO CYMMAapHO CO-
cTaBysgeT MeHee 2 % Peecrpa smmiiensuii Pocspas-
Ha/[30pa B 4acTH (papMalneBTUUeCKOH JeATETbHOCTH.

YcTaHOBJIEHO, YTO 1/4 BCEX MIPOU3BO/ICTBEHHBIX
afTeK CKOHIIEHTPUPOBAHBI B IBYX cyObekTax PD, a
uMeHHO: B Mockge (12 %) u Caukt-IletepOypre (9 %)
(puc. 3, Tabu. 2).

O6paiaer Ha ce6s1 BHUMAaHUE TOT GAKT, UTO IT0-
nasiistioniee (6osiee 50 %) YMCIJIO TIPOM3BOCTBEH-
HBIX alTeK SIBJISIOTCS CTPYKTYPHBIMU IO/Ipas/iesie-
HUAMU MEAUITMHCKUX OpraHu3aIui (puc. 4).

7-9

18‘

5.4

It was revealed that today on the territory of
the Russian Federation 1 648 licensees have the
right to manufacture drugs for medical use. At the
same time, 68 pharmacy organizations have the
opportunity to manufacture narcotic drugs and
psychotropic substances of List II of the Listing of
narcotic drugs, psychotropic substances and their
precursors subject to control in the Russian Feder-
ation; 195 licensees have the right to manufacture
psychotropic substances of List III of the Listing of
narcotic drugs, psychotropic substances and their
precursors that are subject to control in the Rus-
sian Federation, which in total is less than 2% of
the Register of licences of FSSH for pharmaceutical
activities.

It was established that 1/4 of all compounding
pharmacies are concentrated in two constituent en-
tities of the Russian Federation, namely: in Moscow
(12%) and St. Petersburg (9%) (Fig. 3, Table 2).

It is noteworthy that the overwhelming (over
50%) number of compounding pharmacies are sub-
divisions of medical organizations (Fig. 4).

The problem of the individual manufacture of
drugs is largely due to the imperfection of the legal
regulation of pharmaceutical practice in this area.
Based on the systematization of the results of in-
depth interviewing of the compounding pharmacies
managers, ways of improving the existing mecha-
nisms of state regulation are proposed, namely:

1. Since, according to paragraph 3 of the Order
of the Ministry of Health of the Russian Federa-

IenTpanbHBIN defepaabHbIH OKPYT
Central Federal District

CeBepo-3anasHblil deZiepaybHBIA OKPYT
Northwestern Federal District

IO:xHbBIH esrepasbHBINA OKPYT
Southern Federal District

CeBepo-KaBkasckuii penepaibHbIN OKPYT
North Caucasus Federal District

JlanbHEBOCTOUHBIH (pefiepabHbIA OKPYT
Far Eastern Federal District

Cubupckuii berepaybHbIi OKPYT
Siberian Federal District

IIpuBo/BKCKUH denepaTbHbIH OKPYT
Volga Federal District

VYpansckuii denepanbHbIH OKPYT
Ural Federal district

Puc. 3. CTpyKTypu3sanus MpOU3BOJCTBEHHBIX AIITEK I10 TEPPUTOPHUATBHOMY IIpU3HaKYy (%)
Fig. 3. The structuring of compounding pharmacies by territorial factor (%)
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Ta6uuma 2. TOII-10 cy6pekToB Poccuiickoir Peziepaniiu M0 HATHYHUIO TPOU3BOJICTBEHHBIX AIITEK € IPABOM IIPOU3BO/I-

crBa JIII

Table 2. TOP 10 constituent entities of the Russian Federation by the availability of compounding pharmacies with the

right to manufacture drugs

Peruon / Region

KosmuectBo antek / Number of pharmacies

Mocksa / Moscow 200
Canxkrt-Iletep6ypr / St. Petersburg 147
MockoBckas obacts / Moscow Region 81
Huxeropoackas obiacts / Nizhny Novgorod Region 59
CraBpomnosibCKui Kpaii / Stavropol Territory 49
Camapckas o6;1acTh / Samara Region 48
Upxkytckas obaacts / Irkutsk Region 39
Pecniy6iuka Caxa (SIkyTus) / The Republic of Sakha (Yakutia) 40
CrepauioBckas o6sacts / Sverdlovsk Region 38
Pecny6uka Bamkoproctan / The Republic of Bashkortostan 38

[IpobsieMa WHAWBHUYAJIBHOTO W3TOTOBJIEHUS
JIEKapCTBEHHBIX IIPErapaToB BO MHOTOM 00YCJIOBJIE-
Ha HECOBEPIIEHCTBOM HOPMAaTHBHO-IIPABOBOTO pe-
TyJIMPOBaHUSA (papMaleBTHUYECKON JeATEIHPHOCTH B
JIaHHOM obsyacTu. Ha ocHOBe cucTeMaTHU3alUU pe-
3yJIBTATOB TIyOMHHOTO WHTEPBBHIOUPOBAHUS PYKO-
BOJUTEJIEH TPOU3BOACTBEHHBIX AITEK ITPEIJIONKe-
HBI IyTU COBEPIIEHCTBOBAHUSA CYI[ECTBYIOIIUX Me-
XaHU3MOB TOCyAJapCTBEHHOI'O PpPEryJnpoBaHHA, a
HUMEHHO:

1. [Tockomnbky, cornacHo n. 3 mpukas3a MuH3spa-
Ba P® 7511, npu usrorosaenuu JIII ucnosnbayrores
dapmaneBTHUECKHE CyOCTAHITUH, BKIIOYEHHBIE B ['0-
cyaapctBeHHbIH peecTp JIC 171 MeTUITUHCKOTO TIPH-

0.67 0.55 0.36

1.16

38.36

58.91

tion 751n, pharmaceutical substances are used in
the medicines production that are included in the
State Register of Drugs for medical use, it is neces-
sary to amend the Federal Law dated 12/04/2010
No. 61-FZ, paragraph 5, article 13, chapter 6, where
it is indicated that pharmaceutical substances are
not subject to state registration. Moreover, it is ne-
cessary to oblige to register in the State Register of
Drugs the substances available at pharmaceutical
companies purchased (manufactured) by them for
the release of officinal drugs, providing the possi-
bility of dispensing product volumes of up to 0.5 kg
[10, 11].

MenunuHckas opranusanus
Medical organization

AnTeynas opraHuzanus
Pharmacy organization

BoiickoBas yacTh
Military Unit

HayuHo-Hucce1e[0BaTeIbCKUM HHCTUTYT
Research Institute

O6pa3zoBaTebHOE YUPEXKIEHUE
Educational institution

HNHoe
Other

Puc. 4. CTpyKTypH3anus NpOU3BOCTBEHHBIX AIITEK 110 BEZIOMCTBEHHOU npuHazeskHoctu (%)
Fig. 4. Structuring of compounding pharmacies by territorial factor (%)
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MeHeHUsI, He0OXO/IUMO BHECTH u3MeHeHUs B Deje-
PaJIBHBIN 3aKOH OT 12.04.2010 N2 61-®3, 1. 5, cT. 13,
1. 6, T7Ie YKa3aHo, uTo hapMareBTHUYECKHE CyOCTaH-
MU TOCYZaPCTBEHHON PETHCTPAIIUU HE IOJIJIEKAT.
Bostee Toro, He06x01uMO 06513aTh PETUCTPHUPOBATD B
TocymapctBenHoM peectpe JIC cyOCTaHIINU, UMEIO-
muecs Ha GapMareBTUUeCKUX MPeITPUATHAX, TPU-
00peTeHHBIX (POU3BOMMBIX) MU JIJISI BBIITyCKA TO-
ToBbIX JII1, 06ecrieurBast BO3MOKHOCTD OTITyCKa 00b-
€MOB ITPOYKTA B KOJIMYECTBE /IO 0.5 KT [10, 11].

2. Onpenenuts IlopsAaok yTBepKJeHUSA METO-
JMYECKUX PEKOMEHJANui 1Mo TpebOBaHUAM, Me-
TO/IaM KOHTPOJISI KauecTBa W METOAUKAM aHaJIU-
3a JIC, U3rOTOBJIEHHBIX B aliTeKe, B COOTBETCTBUHU C
1. 4 Ilpukaza Muunsgpasa PO 7511: «KauecTBO u3-
rorossieHHOro JIII onpezsensgeTcs ero COOTBETCTBU-
eM TpeboBaHUAM (apMaKOIEWHON CTaThH, OOIIeH
dapmaxkoneirinoii cratbu (O®C) mbo B ciayuae Ux
OTCYTCTBHSI — JIOKyMEHTa B 00J1aCTH KOHTPOJIS Ka-
YecTBa, COZiepIKaIero TpeboBaHUs U METO/IBI OIIpe-
JleJIEHU ST KauecTBa U3roToBaeHHbIX JIIT» [10].

3. BHectu uzmeHnenus B ®eiepaibHbIN 3aKOH OT
08.01.1998 N2 3-®3, 1aB mpaBo alITeUHBIM OPraHU3a-
UM €O 100 % y4JacTHheM B yCTABHOM KaITHUTaJsle TOPo-
J1a pesrepaibHOTO 3HAUYEHM S OCYIIECTBIIATH U3TOTOB-
JleHUe HapKOTUYeCKUX CPE/ICTB U IICUXOTPOITHBIX Be-
1ecTB, BHeceHHBIX B Crincok 1. B Hacrosiee Bpems,
COTJIACHO II. 4 CT. 5 IVI. 1 3TOTO 3aKOHA, «U3TOTOBJIEHHUE
U YHUYTOKEHUE HApPKOTUYECKUX CPEJICTB U IICUXO-
TPOITHBIX BEIIECTB (32 MCKJIIOUEHUEM YHUUTOXKEHU S
KOH(MUCKOBAHHBIX WJIM U3BATHIX U3 HE3aKOHHOTO
0060poTa HAPKOTUUYECKHUX CPEJCTB U ICHUXOTPOITHBIX
BelllecTB), BHeCeHHBIX B Crrcok II, MOryT ocyect-
BJIATHCS BXOAAIIMMU B MYHHUIIUIIAJIBHYIO CUCTEMY
3/]paBOOXPaHEHUs MYHUIUNAJIBHBIMU yHUTAPHBI-
MU IIPEATPUATUSIMU U MyHUITUTIAJTbHBIMU yUPEkKIe-
HUSIMU B IOPSI/TKE, YCTAHOBJIEHHOM HACTOSIIUM (e-
JlepajJIbHBIM 3aKOHOM U IPUHUMAaeMbIMU B COOTBET-
CTBUU C HUM HOPMATHUBHBIMH IPABOBBIMH aKTaMU
PO, npu oxazaHUM MEIUITMHCKOW TOMOIIY Ipaskja-
HaM B P® MeIUITUHCKMMU OPraHU3aIuAMU MYHUILIN-
MMaJIbHOM CUCTEMBI 3IPaBOOXPAHEHU» [12].

4. YOpocTuTh TpebOBaHUSA K JIOMYCKY K J0JIK-
HOCTHM IIPOBU30pPa-aHAJIUTHKA, NPEIOCTABIIAS BO3-
MOZKHOCTh pabOThI TIPU YCJIOBUM YCIEITHOTO IPO-
XOK/IEHUST TPONEAYPhI TTEPBUYHON aKKPEIUTAIHU
CIIelaJInuCTa.

5. Ha ocHOBe mepeuHsi BOCTPeOOBAHHBIX U Ya-
CTO BBIITHCHIBAEMBIX BpayaMU ITPOITUCEN YTBEPAUTH
accopTuMeHT 3KcTeMnopasbHbIX JIIT i uceneno-
BaHUS CPOKOB T'OJTHOCTH.

6. [IpetocTaBUTH ONITOBBIM OPraHU3ALM M IIpa-
BO (pacoBKU CyOCTAHIIUT JIJIs1 IOCTIEAYIOIEN UX pea-
JIN3AaIUU B alITEUHbIE OPTaHU3AI[UH.

2. Determine the Procedure for approving
methodological recommendations on require-
ments, quality control methods and analysis meth-
ods for drugs manufactured in a pharmacy in accor-
dance with paragraph 4 of the Order of the Ministry
of Health of the Russian Federation 751n: “Quality
of the manufactured drug is determined by its com-
pliance with the requirements of the pharmacopeia
article, general pharmacopeia article (GPA), or in
the case of their absence — a document in the field
of quality control containing requirements and
methods for determining the quality of manufac-
tured drugs”[10].

3. Amend the Federal Law of 08/01/1998
No. 3-FZ, giving pharmacy organizations with full
ownership of a federal city the right to manufac-
ture narcotic drugs and psychotropic substances
registered in the List II. Currently, according to
paragraph 4, article 5, chapter 1 of this law, “the
manufacturing and destruction of narcotic drugs
and psychotropic substances (with the exception of
the destruction of narcotic drugs and psychotropic
substances confiscated or withdrawn from illicit
trafficking) included in the List I may be carried
out by municipal unitary enterprises and municipal
institutions included in the municipal health sys-
tem in the manner established by this federal law
and the regulatory legal acts of the Russian Fed-
eration adopted in accordance with it in the provi-
sion of medical care to citizens of the Russian Fed-
eration by medical organizations of the municipal
healthcare system” [12].

4. Simplify the requirements for admission to
the position of pharmacist-analyst, providing the
opportunity to work subject to the successful com-
pletion of the procedure for initial accreditation of
a specialist.

5. On the basis of the list of high-demand and
often prescribed by doctors formulations, approve
the assortment of compounded dosage forms for
the shelf life determination.

6. To provide wholesale organizations with the
right to pack substances for their subsequent sale to
pharmacy organizations.

7. In order to make it possible for pharmacy
organizations to use modern closures, develop and
approve sterilization procedures for modern pack-
aging made of polymeric materials, vials with drop-
per, aerosol dispenser etc. in a pharmacy.

8. To develop a methodology for subsidizing
intra-pharmacy manufacturing of drugs at the re-
gional level.

40
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7. B messax BO3MOXKHOCTH HCIOJIB30BAHUSA all-
TEUHBIMH OPTraHU3aIUsIMH COBPEMEHHBIX YKYIIO-
POYHBIX CPEZICTB pa3paboTaTh U YTBEPAUTH METO-
JIUKY CTEPUJIU3AIUY B YCIIOBUIX AlITEKU COBPEMEH-
HBIX YIIAaKOBOK U3 IOJIMMEPHBIX MaTepHasoB, (a-
KOHOB C KaIleJIbHHUIIEH, C a9PO30JIbHBIM PaCIIbLINTE-
JeM U T. 1.

8. Paspaborarp MeTOAMKY CyOCHUUPOBaHUSA
BHyTpHanTeyHoro wusrotoBiienus JIII Ha perumo-
HaJIbHOM YPOBHE.

3AK/IIOUEHMUE

06006111251 BCe BBIIIENEPEUHCIEHHOE, ECTh OCHO-
BaHUS 3aKJIIOYUTH, UTO BO3MOKHOCTH OKa3aHUS Me-
JUITMHCKOH ITOMOIIY JETSAM JUMHUTHPOBAHBI ACCOP-
tumeHTOM JIIT mpenmymiecTBeHHO B hopmax Tabiie-
TOK, KaIlCyJl ¥ PacTBOPOB JAJis MHBbEKIUH. OIHUM
13 BRXKHEUIIINX HATIPABJIEHUH COBEPIIEHCTBOBAHUS
JIEKapCTBEHHOTO 00ecrieueHus JIeTell Ha CEero/IHAII-
HUH JIeHb [Ipe/ICTaBIIsAeTCA pa3paboTKa COCTAaBOB U
TEXHOJIOTUH JIEKAPCTBEHHBIX (GOPM WHAUBUYaJIb-
HOTO U3TOTOBJIEHUs, UTO, B CBOIO OYepe/b, COIJIa-
cyeTcs ¢ KOHLENIUeH nepcoHuUIMPOBAaHHOU Me-
JIUIHBL C YYeTOM I€HHOCTHO-OPHEHTHPOBAHHOTO
[IO/IXO/la U IIPEeZIoJiaraeT HCIOJIb30BAHHE aKTUB-
HBIX (apMaleBTHYECKUX CyOCTaHIUH, dPdeKTuB-
HOCTbh U COBMECTHUMOCTH OOJIBIIMHCTBA U3 KOTOPBIX
IpejickazyeMa U IpOBEpPeHa MHOTOJIETHUM OIIbI-
TOM TNpUMeHEeHUs B KJIMHUUYECKOH mMmpakTuke. Bo-
Jiee TOro, KOMOWHAIIUY JIEKAPCTBEHHBIX BEIECTB, UX
JI03bI, KPATHOCTD IIPHEMA, a TAKKe BU/I JIEKAPCTBEH-
HOH (OPMBI U IyTh BBEJIEHUS B OPTAaHU3M JJIsI IIpe-
rmapara anTeYHOTO U3TOTOBJIEHUS HOCAT HHUBULY-
JIBHBIN XapaKTep, UTO M03BOJIsIET B MAKCHMATbHOHN
cTeneHu 06eceunTh BapuabeIbHOCTb TEPATIUHU I
Ka’K/JIOTO MTaI[UeHTa.
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CTBEHHBIX CPEZICTB. 2016. NO 3 (16). C. 194—201.

2. Mapuesnuu C.1O., HaBacapasu A.H., Komkosa H.A. Ha-
3HAUYEHE JIEKAPCTBEHHBIX CPE/ICTB HE B COOTBETCTBUHU
¢ oduIaIbHOM WHCTPYKIHEH II0 MeJUIIUHCKOMY
npumenenuio (off-label). Bo3aMoskHBIE TPUYUHBI, BU/IBI
u nocsesicTBus. IIpaBoBoe perynupoBaHue B Pocenii-
ckoit Penepanuu // ParmonanpHas papMakoTepanus
B kapauosoruu. 2017. T. 13, N2 5. C. 667—-674.

3. Gore R., Chugh P.K,, Tripathi C.D., Lhamo Y., Gautam
S. Pediatric off-label and unlicensed drug use and its
implications / Curr. Clin. Pharmacol. 2017. Vol. 12 (1).
P. 18-25.

4. TocynapcTBeHHBII peecTp JIEKAPCTBEHHBIX CPEZICTB.
URL: http://grls.rosminzdrav.ru/Default.aspx. [lara
obpareHus: 05.04.2019.

CONCLUSION

Summarizing all of the above, there is rea-
son to conclude that the possibilities of providing
medical care to children are limited by the range of
drugs mainly in the tablets, capsules and injectable
solutions. One of the most important directions for
improving the drug supply for children today is the
development of the compositions and technology
of individual dosage forms, which, in turn, is con-
sistent with the concept of personalized medicine
taking into account the value-oriented approach
and involves the use of active pharmaceutical sub-
stances, the efficacy and compatibility of most of
which is predictable and verified by many years of
experience in clinical practice. Moreover, combina-
tions of medicinal substances, their doses, dosage
frequency, as well as the type of dosage form and
way of administration of a pharmaceutical prepa-
ration are individual in nature, which allows for
maximum variability of therapy for each patient.

Pharmaceutical activity in the field of intra-
pharmacy production of medicines needs to im-
prove the mechanisms of state regulation.
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dapmarnieBTHYeCKas JIeATEJIBHOCTh B 00JacTu
BHYTPHANITEYHOTO H3TOTOBJIEHUSA JIEKAPCTBEHHBIX
IpenapaToB HY>K/1a€TCA B COBEPIIIEHCTBOBAHUU Me-
XaHU3MOB I'OCyZlapCTBEHHOT'O peryJIMpOBaHUA.

Koudaukr nHTEepecoB. ABTOPHI 3a5BJISAIOT 00
OTCYTCTBUU KOH(IINKTA UHTEPECOB.
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PacruresbHbie (peHOJIbHBbIC COCAMHEHUA B IPOPUIAKTUKE
MeTa00/INYEeCKUX HAPYIIEeHU N IPU HHTOKCUKAIIUU OKCHUIaMU
a30Ta B 9KCIIepUMEHTe
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Plant phenolic compounds in prevention of metabolic
disturbances during nitrogen oxides intoxication
in experiment

Drugova E.S.}, Kushnerova N.F.}, Merzlyakov V.Yu.}, Fomenko S.E.}, Sprygin V.G.}, Momot T.V.2

V.I. Il'ichev Pacific Oceanological Institute (Vladivostok)
2Far Eastern Federal University (Vladivostok)

AHHOTAIIA

IKCIIEPUMEHT, B X0O7Ie KOTOPOTO U3Y4YaJsIu BIUAHHE MPOGUIAKTAUECKOTO BBE/IEHUA SKCTPAKTOB KaJIMHBI U 3JIeyTe-
POKOKKa Ha OHOXMMUYECKHE IIOKa3aTeJ T KPOBU IPH MHTOKCUKAIUK OKCH/IAMH a30Ta, IPOBOAMIIN HA 80 KpbICaX JIU-
HuM «Bucrap». JKUBOTHBIE GBI pa3/iesieHbl Ha 4 TPYNIBL: 1-s1 — HHTAKTHBIE, 2-1 — HHTOKCUKAIUA OKCHUAAMU a30Ta,
3- — BKCTPAKT KaJIMHBI + OKCUJIBI a30Ta, 4-1 — DKCTPAKT 3JIeyTEPOKOKKA + OKCU/IBI a30Ta. VIHTOKCUKAIIUIO OKCUAAMU
a30Ta OCYIIECTBJISIHN B TEUeHNE 6 MUH B KOHIIEHTPAI[UH 4.3 MT/M3 (Ipe/IeIbHO JIOyCTUMast KOHIIEHTPAIus B aTMocdep-
HOM BO37yxe — 0.4 Mr/m3). IHTOKCUKANHsA COMPOBOK/IAIaCh UCTOLIEHUEM CHCTEMbI aHTHOKCUAAHTHOM 3aIIUTHI Opra-
HHU3MAa, Pa3BUTHEM BBIPA’KEHHOH JUCIUIIONPOTENHEMHUH U JUCIUNINIEMUH. BRIXKBaeMOCTb JKMBOTHBIX IIPH MHTOKCH-
KaIlUU U BBEIEHUH SKCTPAKTOB KaJIMHBI U 3JIeyTEPOKOKKA COCTaBUIIA 70 %, TOTJa KaK IpU HHTOKCUKAUK 6e3 mpodu-
JIAKTUYeCKOr'o IIprueMa IIpernapaTos — 40 %.

Takum 06pa3oM, TPODUIAKTHIECKUH TPHEM SKCTPAKTOB KAJIHMHBI U 2JIEyTEPOKOKKA MOXKET OBITh PEKOMEH/I0BAaH
SKUTEJIAM SKOJIOTMYEeCKU HeOIarOnpUATHBIX PETHOHOB JIJISI CHH)KEHH S IOCIIEACTBUH TEXHOTEHHOTO BO3IEHCTBHA.

Karouesvte cnro8a: OKCHUIbI a30Ta, KPOBb, AHTHOKCHIAHTHAS 3aIlUTa, JTUIIOIPOTEUHBI, JTUIU/IbI, SKCTPAKT KAJIUHBI,
SKCTPAKT DJIEYTEPOKOKKA.

ABSTRACT

An experiment, aimed at studying the influence of prophilactic administration of viburnum and eleutherococcus ex-
tracts on biochemical parameters of blood during nitrogen oxides intoxication, was performed on 80 Wistar rats. The ani-
mals were divided into 4 groups: 1t — intact, 2" — nitrogen oxides intoxication, 3¢ — viburnum extract + nitrogen oxides,
4™ — eleutherococcus extract + nitrogen oxides. Nitrogen oxides intoxication was executed for 6 min at a concentration of
4.3 mg/ms3 (the maximum permissible concentration in atmospheric air — 0.4 mg/ms3). Intoxication was accompanied by
depletion of the body’s antioxidant defense system, development of severe dyslipoproteinemia and dyslipidemia. The sur-
vival rate of animals during intoxication preceded by administration of viburnum and eleutherococcus extracts was 70%,
while during intoxication without prophylactic administration of drugs — 40%.

Thus, the prophylactic intake of viburnum and eleutherococcus extracts can be recommended to residents of ecologi-
cally unfavorable regions to reduce the effects of anthropogenic impact.

Keywords: nitrogen oxides, blood, antioxidant defense, lipoproteins, lipids, viburnum extract, eleutherococcus
extract.
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BBEJAEHUE

B cBsI3M ¢ UHTEHCUBHBIM Pa3BUTHEM IIPOMBIIII-
JIEHHOCTHY, aBTOTPAHCIIOPTA, DYHEPreTUKU CyIIle-
CTBEHHO obOocTpuiachk mpobjieMa BJIUSHUS XUMH-
YeCKHX COeTMHEHUH Ha 37]0pOBbe yesioBeka. Ha ce-
TOAHSAIIHUH IeHb OTHUM U3 UCTOYHUKOB 3arpsi3He-
HUA aTMOCHEPHOTO BO3/yXa OKCHIAMU a30Ta ABJIA-
I0TCSI TETIJIOBBIE DJIEKTPUUECKHE CTAHIINU. Bo Bpems
paboTHI TEMI09HEPTETUIECKUX 0OBEKTOB IIPH BHICO-
KHX TeMIIepaTypaxX B KOTJIaX IPOUCXOAUT YaCTUU-
HOe OKHCJIEHHWE a30Ta BO37[yXa U a30Ta TOILJIMBA C
oOpa3zoBaHHEM OKCHJA U JUOKcHja asota [1]. Tak-
JKe TU XUMHUYECKHe TOKCUKAHTHI 00pasyoTcs Ipu
BBICOKOU TeMItepaType (cBbiIie 1300 °C) U BBICOKOM
JIaBJIEHUU B KaMepe CTOPAaHUsI IBUTATEJS IIPU CHKU-
raHUM MOTOPHOTO, aBUAITMOHHOTO U PAKETHOTO TO-
mauBa (IPUMEHSIIOTCS B KauecTBe OKUCIUTee) [2].

AXTHUBHOH (OPMOU OKCHJIOB a30Ta SIBJISIOTCS
HUTPOKCHUJIbHBIE PaJINKajbl. B oprannsm vesoBeka
OHU IONAJIAI0T UHTAJISIIMOHHBIM IIyTEM, C BOAOH U
numed. [Tpu BABIXaHUYM TapOB TUX BEIIECTB MIPO-
HCXOJIUT aKTUBAIMs CBOOOJHOPAAUKABHBIX peak-
[IUH, EPOKCUAANINSA JIUITUIO0B, HApyIIIeHHe JIeTOK-
CUKAIIOHHON (PYHKINU MeYeHU, PA3BUTHE TKAHe-
BOH THIIOKCHUU, CHI?KEHUE COJEP:KAHUA SPUTPOITU-
TOB, ITOBBIIIIEHNE UX 00BEMA, YBEJIUUEHHE TPOHUIIA-
eMocTH MeMOpaH [3]. ATu coeIuMHEHUS OTHOCATCS K
KJIACCY BBICOKOOIIACHBIX XUMUUECKUX BEIECTB, IIPU
JIEACTBUM KOTOPBIX UEJIOBEK UCIBITHIBAET XUMUUE-
ckuii crpece. CireZioBaTeIbHO, MPOKUBAHUE JIIOZAEH
B 30HAX PUCKAa TEXHOT€HHBIX KaTacTpPo(d U B HKOJIO-
TUYeCKU HeOJIaTONPUATHBIX PErHOHAX O00YCJIOBJIU-
BaeT HeOOXOIMMOCTh (PapMaKOJIOTUUECKOH mpodu-
JIAKTUKHU HapylleHU#d 370poBbs. OZHUM H3 CIIOCO-
0OB sABJIsIETCS IPUMEHEHHE MIPENapaToB PACTUTEb-
HOTO IIPOUCXOXK/IEHUs, O0OTAIEHHBIX (DEHOJIbHBI-
MU COEIMHEHUSMH, KOTOpble 00JIaal0T CIIOCOOHO-
CTBIO TOPMO3UTH CBOOOTHOPAIUKATHHbIE PEAKIIHH.
K TakuMm mpemaparamM OTHOCUTCS aNTEYHBINH «IDKC-
TPaKT BJIEyTEPOKOKKA», COAEpIKAIUN B KauyecTBe
JIEACTBYIOIIEr0 Havajla MOHOMepHbIe (PeHOJIbHbIE
coeHEeHUsI, 00JIaIatoNye 3aIUTHHIM 3P deKToM
[IpYU TOKCHYECKOM BO3/I€UCTBUM PA3JINYHBIX XUMU-
YecKUX areHToB (KaaMwuii, cBuHen u ap.) [4]. Oxua-
KO UCIIOJIb30BaHVE KOPHEH U CEMSH IPUBOJIUT K Ka-
TacTpodUIecKOMy CHIKEHUIO 3aI1aCOB 3TOTO pacTe-
HUSAL.

Panee HamMu OBLIM OIyOJMKOBAHBI JIAHHBIE,
CBU/IETEJIBCTBYIOIINE O IIUPOKOM CIIEKTpe OMoJIo-
TUYECKOH aKTUBHOCTU SKCTPAKTOB, BBIJIEJIEHHBIX
U3 OTXOJIOB IepepabOTKU JIUKOPACTYIIErO SITOHO-
T'O CBIpbhs (OCH COIBETUH, KOXKUIIA, KOCTOUKH, CEMe-
Ha U JIPyTHe, COCTABJISIONINE OTKUM II0CJIE OT/EeIe-
HUSA COKA) YCCYPUUCKOH Tairw, 6Jarozaps mposB-

INTRODUCTION

Resulting from the intensive development of
industry, vehicles, and energy, the problem of in-
fluence of chemical compounds on human health
has become much more significant. Today one of
the sources of air pollution by nitrogen oxides are
thermal power stations. During operation of heat
and power facilities at high temperatures, partial
oxidation of air nitrogen and fuel nitrogen occurs in
boilers with the formation of nitrogen oxide and di-
oxide [1]. Also these chemical toxicants are formed
at high temperature (above 1300°C) and high pres-
sure in the compression chamber during the com-
bustion of motor, aviation and rocket fuel (and are
used as oxidizing agents) [2].

The active form of nitrogen oxides are nitro-
xide radicals. They enter the human body by inha-
lation, with water and food. On inhalation of the va-
pors of these substances free radical reactions are
activated, then lipid peroxidation, disturbance of
the liver detoxification function, tissue hypoxia, de-
crease in the content of red blood cells and increase
in their volume as well as in their membranes per-
meability take place [3]. These compounds belong
to the class of highly hazardous chemicals under
the influence of which a person experiences chemi-
cal stress. It means that people living in areas at
risk of technological disasters and in ecologically
unfavorable regions necessitate pharmacological
prevention of health disorders. One of the methods
is the use of herbal preparations enriched in pheno-
lic compounds which have the ability to inhibit free
radical reactions. Such preparations include the
officinal Eleutherococcus extract containing mo-
nomeric phenolic compounds as an active principle
which has a protective effect in case of toxic impact
of various chemical agents (cadmium, lead etc.) [4].
However, the use of roots and seeds leads to a cata-
strophic decline in stocks of this plant.

Earlier, we published data indicating a broad
spectrum of biological activity of extracts received
from waste products of the processing of wild berry
raw materials (axes of inflorescences, skin, ker-
nels, seeds, and others that make up the extract
after juice separation) of the Ussuri taiga, due to
their antioxidant and anti-free radical properties
[5]. It was shown that under the conditions of ex-
perimental models of various intoxications (car-
bon tetrachloride, carbon disulfide, acetone etc.),
a marked prophylactic effect of extracts of pressed
viburnum, Amur grape, Chinese magnolia vine,
European mountain ash, Manchurian aralia, edible
honeysuckle was noted. Based on the screening, we
selected for this experiment an extract from the
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JIEHUI0O UMH aHTHOKCUJAHTHBIX M aHTHPAJIUKAIIb-
HBIX CBOUCTB [5]. BpJIO TOKa3aHO, UTO B YCJIOBUAX
SKCIIEPUMEHTAJILHBIX MOJIeJIEH PAa3JIUYHBIX MHTOK-
cuKanuil (4eThIPEXXJIOPUCTHIN YIJIEPOJ], CEPOYTIe-
POZI, alleTOH | JIp.) OTMEYAJIOCh BBIPA’KEHHOE IPO-
(unakTrUeckoe /eNiCTBUE SKCTPAKTOB OTXKHMMA Ka-
JIMHBI, BUHOTPa/Ia AMYPCKOTO, JINMOHHUKA KUTal-
CKOT0, PAOWHBI OOBIKHOBEHHOM, apaJIn¥ MaHBYKYP-
CKOU, JKUMOJIOCTH ¢he/IoOHOM. Ha ocHOBaHUHM TPO-
BeJIEHHOTO CKPUHUHTA HaMHU OBLJI BRIOPAH IS IIPO-
BeJIEHUs JJAHHOTO JKCIEPUMEHTA 3KCTPAKT M3 OT-
skuMa siroft kasuabl CapskenTa (Viburnum sargentii
Koehne), 3am1aTeHTOBaHHBIN KaK renaTonpPOTEKTOP-
Hoe cpeficTBO (mateHT RU NO 2199249, TY 9168-
079-00480052-07) U KaK DKCTPAKT KaJIMHBI, 00J1a-
JTAIONIUH aHTHUPATUKAIBHOH aKTHBHOCTBIO (TIATEHT
RU No 2220614). XuMHYECKUN COCTaB IIperapa-
Ta OBLJI HICCIJIEZIOBAH C TIOMOIIBIO KUAKOCTHOTO XPO-
marorpada Controller LCC-500 (Pharmacia). 9To
BOJTHO-CITUPTOBBIH (40 %) SKCTPAKT, KOTOPBIH IIPeI-
cTaBJIsieT cOO0H KOMIO3UIIUIO PA3JIMYHBIX KJIACCOB
BEI[ECTB, CPeU KOTOPHIX (DEHOJIbHBIE COEUHEHMS
COCTaBJISIOT CBBINIE 60 % CyXOro OCTaTKa 3KCTPaK-
Ta (OJIUTOMEpPHbBIE MPOAHTOIMAHU/INHBI, KATeXUHbI
U UX MOJUMeEpPHbIE (POPMBI, JTUTHUH, GJIABOHOJIBI U
np.) [6]. B xauecTBe npemnapara cpaBHEHUS UCIIOJIb-
30BaJIM AMTEYHBIN «DKCTPAKT BJIEYTEPOKOKKA», 3a-
IIUTHOE JIeUCTBHE KOTOPOTO IIPU TUIIOKCUU CBS3bBI-
BaIOT C PETYJIUPYIOUTUM BJIUSHUEM Ha YIJIEBOJIHBIN
U JUTUAHBIA 0O0MeH [7]. Takum obGpasom, mpumMe-
HEHUe IIPeIapaToB, OCYIIECTBJIAIOMINX AHTHOKCHU-
JIAHTHYIO 3aIIUTY MEMOPaHHBIX CTPYKTYD IIPU pas-
JIMYHBIX BUAX TOKCUYECKOTO BO3ZIEHCTBU I, SIBJISIET-
1 Ba’KHBIM DTATIOM CUCTEMBI TPOMUIIAKTUKU.

OEJb UCCJIEAJOBAHNA

I/IsyquHe BJINAHUA HpO(l)I/I.TIaKTI/I‘IeCKOI‘O BBE-
JEHUA SKCTPAKTOB KaJIMHbI M J3JIEYyTEPOKOKKAa Ha
OHMOXMMHYECKHE [T0Ka3aTe N KPOBH KPBbIC IIPU WH-
TOKCHKAIlUM OKCHUAaMHU a30Ta.

MATEPHAJIBI 1 METO/ABbI

JKCIIepUMeHT NpOBOAUIU Ha 80 KpbIcax JIU-
HHUU «Bucrap» Maccoil 180—200 T, copep:KaIluxcs B
CTaH/IAPTHBIX YCJIOBUAX BUBapusd. [[JIs MHTOKCHKA-
MU OKCUZAMH a30Ta )KUBOTHBIX ITIOMEIAJIU B CIIe-
[IHAJIBHYIO 3aTPABOYHYIO KaMepy, CKOHCTPYHUPOBaH-
HyI0 110 TuIty Kamep b.A. Kypasasackoro, c aBTOHOM-
HOH CHCTEMOU OUKCTKH U PETeHePAIINH BO3/IyXa, 3a-
JMIAaHHBIMU MMapaMeTpaMH TeMIepaTypsl (20—22 °C)
U BJIA’KHOCTH Bo3zyxa (40—60 %) [8]. ’KuBoTHbIe
OBLIN pasziesieHbl Ha 4 TPYIIBI 110 20 KPBIC B KaXK-
JIOH: 1-s rpynma (KOHTPOJIb) — MHTAKTHBIE YKUBOT-
HBIE; 2-51 — UHTOKCUKAIUA OKCU/IAMU a30Ta B KOH-

pressed berries of Sargent viburnum (Viburnum
sargentii Koehne), patented as a hepatoprotective
agent (patent RU No. 2199249, technical condi-
tion 9168-079-00480052-07) and as a viburnum
extract with anti-free radical activity (patent RU
No. 2220614). The chemical composition of the
drug was studied using a liquid chromatograph
Controller LCC-500 (Pharmacia). This is an aque-
ous-alcoholic (40%) extract which is a composition
of various classes of substances, among which phe-
nolic compounds make up more than 60% of the
dry residue of the preparation (oligomeric proan-
thocyanidins, catechins and their polymeric forms,
lignin, flavonols etc.) [6]. As a comparison drug
the officinal eleutherococcus extract was used, the
protective effect of which in hypoxia is associated
with a regulatory influence on carbohydrate and
lipid metabolism [7]. Thus, the use of drugs provid-
ing antioxidant defense of membrane structures for
various types of toxic effects is an important stage
of the prevention system.

AIM OF THE RESEARCH

Studying the influence of the prophylactic ad-
ministration of viburnum and eleutherococcus ex-
tracts on the biochemical parameters of rat blood
during nitrogen oxides intoxication.

MATERIALS AND METHODS

The experiment was performed on 80 Wistar
rats weighting 180—200 g, kept in standard vivari-
um conditions. For nitrogen oxides intoxication an-
imals were placed into a special exposure chamber
designed according to the type of B.A. Kurlyand-
sky’s chambers with self-contained air purification
and regeneration system with preset parameters
of temperature (20—22°C) and air humidity (40—
60%) [8]. The animals were divided into 4 groups
of 20 rats each: 1 group (control) — intact animals;
2" — nitrogen oxides intoxication at a concentra-
tion of 4.3 mg/m3 (the maximum permissible con-
centration in atmospheric air is 0.4 mg/ms3), the
exposure time being 6 min; 3 group — viburnum
extract + nitrogen oxides; 4" group — Eleuthero-
coccus extract + nitrogen oxides. In the 3'¢ and 4™
groups the prophylactic effect of the viburnum and
eleutherococcus extracts was studied by admin-
istering these extracts to animals for 14 days be-
fore nitrogen oxides intoxication. The experiment
design was borrowed from the work of Yu.A. Ra-
khmanin et al. [9], that is the experiment simulated
an intoxication in a man-made disaster with a mas-
sive release of nitrogen oxides. Rats were removed
from the experiment by decapitation under brief

46

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



doi: 10.31549/2542-1174-2020-1-44-54

Drugova E.S. et al. / Journal of Siberian Medical Sciences 1 (2020) 44—54

[IEHTPaIUH 4.3 MT/M3 (Ipe/IeJIbHO AOMYCTUMAas KOH-
LEHTpaIUs B aTMOC(EPHOM BO3/AYyXE COCTABJISET
0.4 Mr/M3), SKCIIO3UIUs 6 MUH; 3-51 TPYyIIa — JKC-
TPaKT KaJIUHBI + OKCU/IbI a30Ta; 4-s1 TPYIIa — JKC-
TPaKT 3JIEyTEPOKOKKA + OKCUZBI a30Ta. B 3-U U 4-i
rpymmnax ObLI0 M3y4YeHO MPOdHUIAKTHUECKOe JeH-
CTBHE YKCTPAKTa KAJUHBI U 3JIEYTEPOKOKKA IIyTEM
BBEJIEHUS OTUX DKCTPAKTOB JKHMBOTHBIM B TEUYEHHE
14 CyT IO WHTOKCHKAIIUM OKcuaamMu azora. Cxema
SKCIIEPIMEHTA 3aNMCTBOBaHa u3 paboTs! F0.A. Pax-
MaHUWHAa U COaBT. [9], T. €. B 9KCIIepUMEHTe OblyIa CMO-
JIeJINPOBaHA WHTOKCUKAIIUS ITPU TEXHOTEHHOU Ka-
TacTpode ¢ MacCHBHBIM BBIOPOCOM OKCHJIOB a30Ta.
KpbIc BHIBOAMIIN U3 SKCIIEPUMEHTA JIeKAlIUTAIuEH
1071 JIETKUM 3(UPHBIM HAPKO30M Yepe3 60 MUH I10-
cJIe HKCIIO3UIIUH OKCHIAMH a30Ta ¢ cOOJII0/IeHIeM
«[IpaBusI 1 MeX Ty HAPOTHBIX peKoMeHaIuii EBpo-
MeMCKOW KOHBEHIIMH TI0 3aIUTE TO3BOHOUHBIX JKHU-
BOTHBIX, HCIIOJIb3YEMBIX /IJIs SKCIEPUMEHTOB HJIU
B MHBIX Hay4HBIX Iessax» (Ctpacbypr, 1986). Bo-
JTHBIE PACTBOPHI CYXOTO OCTaTKa YKCTPAKTa KaJlu-
HBl U 3JIEYTEPOKOKKA (IIpeiBapUTEFHO O0CBOOOXK-
JIEHHBIE OT CIIUPTA SKCTPAKTHI IIyTEM yIIaPUBAHUSA B
BaKyyMe) BBOAWJIM BHYTPHIKEYIOYHO Yepe3 30H7
B J1o3e 100 MT 00mux ¢heHOJIOB/KT Macchl Tesa [10].
CocTosiHUE aHTHOKCUJJAHTHOH CHCTEMBI OIleHUBa-
JIV TIO BEJITUYMHE AaKTUBHOCTHU CYIIEPOKCU/TUCMY Ta-
361 (CO/T) (xoxt pepmenTa (KP) 1.15.1.1), ypOBHIO BOC-
CTaHOBJIEHHOTO IVIyTaTHOHA U MaJIOHOBOTO JIVAJIb-
nmeruma (MZIA) [11]. AKTUBHOCTD [-TajIaKTO3U A3l
(K® 3.2.1.23) onpenensiyiu o metony A.A. [Tokpos-
cKoro [12], akTHBHOCTb aJlAHMHAMHHOTpaHcdepa-
361 (AAT) (KO 2.6.1.2) — ¢ TIOMOIIBIO CTaHAapT-
HbIX HabopoB Bio-la-test ¢upmbr Pliva-Lachema
Diagnostika S.R.O. (Yexus). OmnpezesieHue coziep-
JKaHUS OKUCJIEHHOUW (OPMBI HHUKOTHHAMHZAJIE-
HuHAUHYKJIeoTuna (HAJIY) mpoBoguiau Mo MeTo-
ny [13]; cymmapHoe coziep:kaHue JIUIIONPOTENHOB
OUeHb HU3KOH U HU3KOU IIJIOTHOCTH, a TAKIKE JIUIIO-
IIPOTENHOB BHICOKOH IJIOTHOCTU — II0 METOAY [14].
KonuuectBo 00mux ¢ocdoaunuioB B 3KCTPaK-
Tax yctaHapauBaiau metoyioM V.E. Vaskovsky et al.
[15]; kosEyecTBO OOIETO XOJIECTEPHHA — METOIOM
OTHOMEPHOH MUWKDPOTOHKOCJIOMHON XpoMaTorpa-
¢um [16].

Cratuctuyeckyio o0paboTKy pe3yJsIbTaTOB JKC-
[IEPUMEHTAJIbHBIX UCCJIE/IOBAHUHN IIPOBOJUIIN C UC-
MOJIb30BAHUEM CTaTUCTHUEecKOro makera InStat 3.0
(GraphPad Software Inc., CIIIA, 2005) ¢ pyHKIHEHR
[IPOBEPKH COOTBETCTBHU A BBIOOPKH 3aKOHY HOPMaJIb-
HOTO pacripeziesieHus. JIJist onpe/iesieHus CTaTUCTHU-
YeCKOU 3HAYNMOCTH PA3JTHINH 111 MEXKTPYIIIIOBBIX
CpPaBHEHHUH B 3aBUCHMOCTH OT [1apaMETPOB pacIipe-
JIeJIEHUST WCIOJIb30BAJIM MMapaMETPUUYECKUH {-TeCT

ether anesthesia 60 min after exposure to nitrogen
oxides in compliance with the Rules and Interna-
tional Recommendations of the European Conven-
tion for the Protection of Vertebrate Animals Used
for Experimental and for Other Scientific Purposes
(Strasbourg, 1986). Aqueous solutions of the dry
residue of the viburnum and eleutherococcus ex-
tracts (previously freed from alcohol by evapora-
tion in vacuo) were administered intragastrically
through a catheter at a dose of 100 mg of total phe-
nols / kg of body weight [10]. The state of the an-
tioxidant system was evaluated by the activity of
superoxide dismutase (SOD) (Enzyme Commission
number (EC number) 1.15.1.1), the level of reduced
glutathione and malondialdehyde (MDA) [11].
The activity of [-galactosidase (EC number
3.2.1.23) was determined by the method of A.A.
Pokrovsky [12], the activity of alanine aminotrans-
ferase (AIAT) (EC number 2.6.1.2) — using stan-
dard Bio-la-test kits (Pliva-Lachema Diagnostika
S.R.0., Czech). The content of the oxidized form
of nicotinamide adenine dinucleotide (NAD*) was
evaluated according to the method [13]; the total
content of very low and low density lipoproteins,
as well as high density lipoproteins — according to
the method [14]. The amount of total phospholipids
in the extracts was determined by method of V.E.
Vaskovsky et al. [15]; the amount of total cholesterol
was determined by the method of one-dimensional
micro-thin-layer chromatography [16].

Statistical processing of the results of experi-
mental studies was performed using the statistical
package InStat 3.0 (GraphPad Software Inc., USA,
2005) with the function of verifying the compliance
of the sample with the normal distribution law.
To determine the statistical significance of the dif-
ferences for intergroup comparisons depending
on the distribution parameters the Dunnett para-
metric t-test of multiple comparisons, the non-
parametric Mann-Whitney U-test, and the Student
t-test were used. Differences were considered sta-
tistically significant at p < 0.05. The study was ap-
proved by the Ethics Committee of the V.I. II'ichev
Pacific Oceanological Institute.

RESULTS AND DISCUSSION

The survival rate of animals after nitrogen ox-
ides intoxication was 40% (p < 0.001). Assessment
of the rat blood biochemical parameters showed an
increase in AIAT activity by 6 times (p < 0.001) that
indicates an increase in the permeability of hepato-
cyte membranes and the release of the enzyme into
the blood (the Table). The activity of the lysosomal
cytosolic enzyme B-galactosidase increased by 37%
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MHOXKECTBEHHBIX CpaBHeHUU [laHHeTa, Hemapame-
Tpuyeckuid U-kputepuii ManHa — YUTHH, a TaKkKe
t-kputepuii CrpiofieHTa. Paznuumsa cuurtanu cra-
TUCTUYECKU 3HAYUMBIMU IIPU p < 0.05. Mccieno-
BaHHe onobpeHo Kommuccueli 1mo BompocaM STHUKHU
THUXOOKEaHCKOTO OKEaHOJIOTUUEeCKOTO HWHCTUTYTA
uM. B.W. Unpnuésa [IBO PAH.

PE3YJIBTATBI U OBCY:KJAEHUE

BbI>KMBAeMOCTH JKMBOTHBIX II0CJIE WHTOKCHKA-
WU OKCUAMH a30Ta COCTaBJIsAIa 40 % (p < 0.001).
V3yueHne OHOXMMUUYECKUX IIOKasareyiel KpOBU
KDBIC IOKAa3aJI0 yBeJuveHHe akTuBHOcTU AJAT B
6 pa3 (p < 0.001), YTO CBU/IETETHCTBYET O IMOBBIIIIE-
HUU IPOHUIIAEMOCTH MeMOpPaH TeraToIUTOB U BbI-
xoJie pepMeHTa B KPOBB (TabIHIa). AKTUBHOCTD ITH-
TO30JIBHOTO (pepMeHTa JIM30COM [-TaIaKTO3U/1a3bl
Bo3pocsa Ha 37 % (p < 0.001), KOJTMYECTBO OKHUCJIEH-
HO# hopmer HAJT causmioch Ha 56 % (p < 0.05). Ak-
tuBHOCTHh COJI yMeHbIuIach Ha 57 % (p < 0.001), a
BeJIMYMHA BOCCTAHOBJIEHHOTO roryTaruona (I-SH) —
Ha 45 % (p < 0.001), UYTO TOBOPUT 00 UCTOIIEHUH CU-
CTEMBI aHTUOKCUJAHTHOHN 3aIIUTHL. ITO MO TBEPIK-
JlaeTCsl POCTOM BEJTMYUHBI MAJIOHOBOTO JUAJIBJETH-
Ja Ha 62 % (p < 0.001), XapaKTEPHUBYIOIIEro Iepe-
KHUCHOE OKHCJIEHWe JIMNUO0B. B smnuaHoit ¢pak-
MU CBIBOPOTKU KPOBH OTMEYAJIOCh CHIDKEHUE 00-
mux dochoaunuaos Ha 40 % (p < 0.001), Toraa
KaK KOJIMYEeCTBO OOIIEro XOJIECTEPHHA YBEJIUYHU-
Jock Ha 28 % (p < 0.001). B cBaA3u ¢ aTuM K02 P Du-
IUEHT XoJiecTeprH/}ocdoaunu/ bl BBIPOC B 2 pasa.
Tax:ke OBLIN BBISIBJIEHBI U3MEHEHHsI B COOTHOIIIE-
HUU JIUTIOIPOTENHOB CHIBOPOTKU KPOBU: COZIEPIKa-
HUEe CYMMapHOU (PpakIU¥l JIMIIOIPOTENHOB OUYEHb
HU3KOM ¥ HU3KOH IJIOTHOCTH YBEJIUYHUJIOCH HA
59 % (p < 0.001), TUTIOIPOTENHOB BHICOKOH IJIOTHO-
CTU YMEHBIIIUJIOCh Ha 24 % (p < 0.001), T. €. HHTOK-
CUKaIMs OKCUZAMHU a30Ta COMPOBOXKIAETCS Pa3BHU-
THEM JUCTUNUAEMUN U JUCIUIONPOTENHEMUH.

IIpu npodUIAKTHIECKOM BBEJEHUU 3KCTPAK-
Ta KaJIMHBI WM BJIEyTEPOKOKKA B Te€UeHUeE 14 CYT
JI0 MTHTOKCUKAIIMU OKCUZAMHU a30Ta BBIXKUBAEMOCTD
JKMBOTHBIX II0CJIE HHTOKCHUKAI[UH COCTABJISAIA 70%.
[TpodunakTiyeckoe BBeJleHUE HKCTPAKTOB JI0 WH-
TOKCHKAIIU TIOJTHOCTHIO He HEHTPaIN30BbIBAJIO
TOKCHYECKOE BO3/IEHCTBHE HA OPraHU3M 3KCIIEPH-
MEHTAJIbHBIX JKHUBOTHBIX, OTHAKO CIOCOOCTBOBAJIO
JIOCTOBEPHOMY BOCCTAHOBJIEHUIO M3YUEHHBIX ITOKA-
3aTesield KPOBH. B TO ke BpeMs CTeleHb BbIPaKeH-
HOCTH BOCCTaHOBHUTEJIBHOrO 3ddeKTa pasjindaiach
B 3aBUCHUMOCTH OT BH/IQ SKCTPAKTA.

IIpu BBeZICHMH SKCTPaKTa KaJIWUHBI AKTHB-
HOoCcTb AJAT CHIBODOTKHM KDOBU YBEJIHNYUBaA-
Jlach OTHOCUTEJIPHO T'PYIIIBI KOHTPOJIA B 2.3 pasa

(p < 0.001), the amount of the NAD* oxidized form
decreased by 56% (p < 0.05). SOD activity decreased
by 57% (p < 0.001) and the amount of reduced glu-
tathione (G-SH) decreased by 45% (p < 0.001) that
indicates the depletion of the antioxidant defense
system. This is confirmed by an increase in malon-
dialdehyde by 62% (p < 0.001) which characterizes
lipid peroxidation. In the lipid fraction of blood se-
rum the 40% (p < 0.001) decrease in total phospho-
lipids was noted, while the amount of total choles-
terol increased by 28% (p < 0.001). In this regard
the cholesterol/phospholipids quotient increased by
2 times. Changes in the ratio of serum lipoproteins
were also revealed: the content of the total fraction
of very low and low density lipoproteins increased
by 59% (p < 0.001), high density lipoproteins de-
creased by 24% (p < 0.001), i.e. intoxication with
nitrogen oxides is accompanied by the development
of dyslipidemia and dyslipoproteinemia.

With the prophylactic administration of an
extract of viburnum or eleutherococcus within
14 days before intoxication with nitrogen oxides,
the survival rate of animals after intoxication was
70%. The prophylactic administration of extracts
before intoxication did not completely neutralize
the toxic effects in experimental animals, howev-
er, it contributed to a significant restoration of the
studied blood values. At the same time, the inten-
sity of the recovery effect varied depending on the
extract type.

With administration of the viburnum extract,
the activity of serum AIAT increased in relation to
the control group by 2.3 times (p < 0.001), and with
administration of the eleutherococcus extract, it
increased by 3.5 times (p < 0.001). When compar-
ing these values with those of the 2" group (nitro-
gen oxides), the activity of AIAT decreased by 45%
(p < 0.001) in case of viburnum, and in case of eleu-
therococcus — by 25% (p < 0.001).

The activity of [-galactosidase upon admin-
istration of the viburnum extract was higher
than in the control group by 18% (p < 0.01), and
upon the eleutherococcus administration —
by 23% (p < 0.001). Compared with the 2" group,
[-galactosidase activity in the 3" group decreased
by 14% (p < 0.01), and in the 4™ group — by 10%
(p < 0.05). The content of NAD* in the rat blood
upon administration of the extract of viburnum
was 31% (p < 0.05) less than in the control group,
and upon administration of eleutherococcus — 37%
(p < 0.001) less. When comparing the values of
NAD* with those of the 2" group, its increase was
57% (p <0.05) with introduction of the viburnum
extract, and 43% (p < 0.05) with introduction of
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buoxumuyeckue nokasareyid KpOBU KPbIC IIPU NHTOKCUKAIIUN OKCH/IaMH a30Ta U IPOMUIAKTUYECKOM BBe/IEeHUH PacTU-

TEJIbHBIX 9KCTPaKTOB (M + m)

Biochemical parameters of rat blood during nitrogen oxides intoxication and prophylactic administration of plant

extracts (M + m)

25 rpymma 3-A rpymnna 4-4 rpynna
1-51 TpyIIa e (PKCTpPAKT KaJUHBI  (2JIEyTEPOKOKK +
Toxasarenn / Parameters (IS(tOHTPOJ'Ib) 2™ group +“?KCI/IJ-IBI aporra) OECHILBI a30Ta)
1% group (nitrogen 3" group (viburnum 4" group
(control) . extract + nitrogen (eleutherococcus +
oxides) nitrogen oxides)
AJAT (MKMOJIB/MJI - 1) 0.69 + 0.05 4.14 £ 0.078 2.26 £ 0.06%" 3.11+ 0.06%*
AIAT (umol/ml - h)
B-ramakrosuzasza (HMOJIb/MJI - MUH) 5.78 £ 0.19 7.92 + 0.343 6.83 +0.21>° 7.12 + 0.20%?
[-galactosidase (nmol/ml - min)
HAT* (mxmosb/i) / NAD* (umol/1) 0.16 + 0.01 0.07 £ 0.013 0.11 = 0.0252 0.10 £ 0.0132
CO/ (ex./mr remoriobuHa) 13.27 £ 0.69 5.74 £ 0.353 10.24 + 0.47>* 0.22 +0.42%"
SOD (U/mg of hemoglobin)
I'-SH (amos1b/MT 6eska) 1.82 + 0.05 1.00 £ 0.033 1.30 £ 0.043°® 1.12 £ 0.03%°
G-SH (nmol/mg of protein)
M/IA (mxmosb/mi) / MDA (umol/ml)  6.32 + 0.20 10.24 + 0.308 7.69 + 0.233® 7.88 £ 0.22%®
O6mue pocdomumupl (% oT 06X  16.00 + 0.53 9.58 £ 0.613 13.56 £ 0.50>" 12.60 + 0.48%°
JINIIU]IOB)
Total phospholipids (% of total lipids)
O6muii xosectepuH (% ot 06X 14.90 + 0.54 19.00 + 0.513 16.48 + 0.50%° 17.20 + 0.54>%
JIATINAJIOB)
Total cholesterol (% of total lipids)
XosnecrepuH/dpocdomumnuibl 0.93 + 0.03 1.98 + 0.053 1.22 + 0.05%® 1.37 + 0.04%®
Cholesterol / Phospholipids
JITIOHII + JITIHII (r/) 3.82 £ 0.13 5.97 £ 0.153 4.64 £ 0.123° 5.00 £ 0.14%*®
VLDL + LDL (g/1)
JITIBII (r/m) / HDL (g/1) 3.22 + 0.10 2.42 + 0.093 2.89 + 0.08%6 2,73+ 0.07%?

IlpuMeuyaHue. Pa3Iuvus CTATUCTHIECKH 3HAYUMBIL: * IPU P < 0.05, 2 P < 0.01, 3 p < 0.001 10 CPABHEHHIO C KOHTPOJIEM; * P < 0.05,
5p <0.01,* p < 0.001 110 CpaBHEHUIO o 2-1 rpynnoi; JIIIOHII — tunonpoTenHbl O4eHb HU3KoU 1oTHOCTH, JIITHII — tunonpoTenHbI

HU3KOH nmotHOCTH, JITIBII — TMIONIPOTEUHBI BBICOKOH IIJIOTHOCTH.

Note. The differences are statistically significant: ' in p < 0.05, % p < 0.01, 3 p < 0.001 in comparison with the control; ? p < 0.05," p < 0.01,
¢ p < 0.001 in comparison with the 2¢ group; VLDL — very low density lipoproteins, LDL — low density lipoproteins, HDL — high density

lipoproteins.

(p < 0.001), a IpU BBEJIEHUU BJIEyTEPOKOKKA —
B 3.5 paza (p < 0.001). [Ipu cpaBHEHUHU STUX BEJIU-
YMH C TAKOBOU BO 2-# TpytIe (OKCHIBI a30Ta) AKTUB-
HocTh ANTAT cHM3MIach Ha 45 % (p < 0.001) IpH BBe-
JIEHUY SKCTPAKTA KaJIMHBI, & IPU BBEJEHUU BJIeyTe-
poxokka — Ha 25 % (p < 0.001).

AKTHUBHOCTH [3-TaIakTO3U/1a3bl NIPU BBEJEHUU
SKCTPAKTA KaJIUHBI ObLa BBHIIIE, YeM B KOHTPOJIb-
HOH rpymIie, Ha 18 % (p < 0.01), a IPU BBEIEHUH dJIe-
yTepoKoKka — Ha 23 % (p < 0.001). [To cpaBHEeHUIO
€O 2-H I'PYIIIOH aKTUBHOCTD [3-TaIaKTO3UA3bl B 3-H
rpylIine cHU3MIAch Ha 14 % (p < 0.01), a B 4-U IrpyI-
e — Ha 10 % (p < 0.05). Cogep:kanue HAJI" B kpo-
BU KPBIC IIPH BBEJAEHUU DKCTPAKTA KAJIMHBI OBLIO
Ha 31 % (p < 0.05) MeHbIIIe, YeEM B TPYyIIE KOHTPO-
Jifl, a TIpU BBEJIEHUH DJIEyTEPOKOKKA — Ha 37 %
(p < 0.001). Ilpu cpaBHenun 3HaueHuss HAJI' ¢ Ta-
KOBBIM BO 2-U TpPyHIlE OTMEYAJIOCh €ro yBeamde-
HUe TIpU BBEJIEHUU JKCTPaKTa KaJWHBI HA 57 %

the eleutherococcus. The activity of SOD in the rat
blood of the 3™ group was 23% (p < 0.01), while in
the 4™ group it was 31% (p < 0.001) lower than in
the control group. At the same time, when compa-
ring these values with those in the 2™ group, the ac-
tivity of SOD with administration of the viburnum
extract was higher by 78% (p < 0.001) and with that
of eleutherococcus — by 61% (p < 0.001).

The G-SH value in the rat blood of the 3" and
4™ groups was lower than in the control group by
29-30% (p < 0.001) on average, while its value
increased as compared to the 2™ group: with ad-
ministration of the viburnum extract — by 30%
(p < 0.001), of the eleutherococcus — by 12%
(p < 0.01). With prophylactic administration of
both extracts the content of malondialdehyde in the
blood of rats in relation to the control group was
higher by 22-25% (p < 0.001) on average, and with
regard to the 2" group —by 23-25% (p < 0.001) on
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(p < 0.05), a TIpu BBEJIEHUH DJIEYyTEPOKOKKA —
Ha 43 % (p < 0.05). AktuBHOCTH CO/Il B KPOBH KPBIC
3-# rpynmsl Obl1a Ha 23 % (p < 0.01) HUXKE, YeEM B
I'pyIilie KOHTPOJIsA, TOTZA KaK B 4-1 rpynne — Ha 31 %
(p < 0.001). B T0 Ke BpeMs IpU CPABHEHUH DTUX Be-
JIMYHH C TAKOBBIMH BO 2-# rpymiie akTuBHOCTb CO/J
IIpU BBEJIEHUU DKCTPAKTa KaJIMHBI OblJIa BBIIIE HA
78 % (p < 0.001), a IpU BBEJIEHUHU BJIEYTEPOKOKKA —
Ha 61 % (p < 0.001).

3nauenue I-SH B KpoBH KpbIC 3-I1 U 4-1i Tpynn
OBLJIO HUKE, UeM B I'PYIIIIEe KOHTPOJISA, B CPETHEM HA
29—30 % (p < 0.001), TOTZIa KaK II0 CPABHEHHIO CO
2-1 TPYNIIOHN ero 3HaYeHNe BO3POCJIO: IIPY BBEJEHUU
SKCTPaKTa KaJMHbI — Ha 30 % (p < 0.001), ajeyTre-
pokokka — Ha 12 % (p < 0.01). IIpu npodunakTuye-
CKOM BBeJIeHHU 000MX BKCTPAKTOB COZIepKaHUeE Ma-
JIOHOBOT'O JIUAJIB/IETH/Ia B KPOBU KPBIC OTHOCUTEJIh-
HO TPYHIbI KOHTPOJIsA OBLIO BHIIIIE B CPeIHEM Ha
22-25 % (p < 0.001), a OTHOCUTEJIBHO 2-1 TPYIIIHI —
B cpeziHeM Ha 23—25 % (p < 0.001). KoauuecTBo 00-
mux GochOTUHIOB B CBIBOPOTKE KPOBU KPBIC ITPHU
BBEJIEHUM DKCTPAKTa KaJIMHBI OBLJIO HUKE, YeM B
rpyIIie KOHTPOJs, Ha 15 % (p < 0.01), Ipy BBeIEHUHN
2JIEyTEPOKOKKA — Ha 21 % (p < 0.001), a IO cpaBHE-
HUIO CO 2-Y TPYNION JaHHAS BEJIUYNHA B 3-U I'PYII-
e OpLIa BBINIE HA 42 % (p < 0.01), B 4-U TpyIIIIe —
Ha 32 % (p < 0.01).

IIpu cpaBHeHUY BeJIMYUHBI OOIIIET0 XOJIeCTEPH-
Ha B CHIBOPOTKE KPOBU KPBIC 3-H IPYIIIBI (3KCTPAKT
KaJINHBI) ¢ TAaKOBOH B TPyIIle KOHTPOJISI OTMeYa-
JIOCh ee yBestnueHue Ha 11 % (p < 0.05), a B 4-# Tpy1-
me — Ha 15 % (p < 0.01). B To ke Bpems mpu cpas-
HEHUU DTHUX BEJIMYUH C TAKOBOU BO 2-U TPYIIIE KO-
JIMYECTBO XOJIECTEPUHA IPU BBEJEHUU ODKCTPAKTA
KaJIMHbI CHU3WJIOCH Ha 13 % (p < 0.05), a IpU BBe-
JIEHUH 3JIeyTEPOKOKKA — HA 10 % (p < 0.01). 3Ha-
yeHne Ko3bduIHeHTa XosecTepuH/pocdorumnu-
JIbl B 3-U rpymie 0b10 HA 31 % (p < 0.001) BHIIIIE,
yeM B TpyIIIe KOHTPOJISA, TOTZA KaK B 4-U rpymme —
Ha 47 % (p < 0.001). Ilo cpaBHEHUIO CO 2-U TPYIIION
3HaueHue Koa(duIeHTa CHU3UI0Ch IPU BBeJIEHUH
SKCTPAKTa KaJUHHI HA 38 % (p < 0.001), a Ipu BBe-
JIEHUHU 3JIeyTEPOKOKKa — Ha 31 % (p < 0.001). 3Ha-
YeHHe CYMMAapHOH (GpaKIU¥ JIUIONPOTENHBI OUeHb
HU3KOU IJIOTHOCTH + JINTIONPOTENHBI HU3KOH ILJIOT-
HoctH (JITIOHIT + JITTHII) B 3-# rpymiie ObLIIO BHIIIIE,
YyeM B I'pyIIIe KOHTPOJIA, Ha 21 % (p < 0.001), a B 4-1
rpymme — Ha 31 % (p < 0.001), IpHU OJTHOBPEMEHHOM
CHIKEHUHU COZIEPKAHUS JIUIIONPOTENHOB BBICOKOM
miotHoctH (JITIBIT) B 3-# rpymme Ha 10 % (p < 0.05),
aB4-i1 — Ha 15 % (p < 0.001). [Ipu cpaBHEHUH ITUX
BEJINUMH C TAKOBBIMU BO 2-H I'py1Ie (OKCUbI a30Ta)
orMmeuasioch cHuxkeHue JITIOHIT + JIITHII Ha 22 %

average. The amount of total phospholipids in the
blood serum of rats with administration of the vi-
burnum extract was lower than in the control group
by 15% (p < 0.01), with that of eleutherococcus —
by 21% (p < 0.001); and in comparison with the
2™ oroup, this value in the 3" group was higher by
42% (p < 0.01), in the 4 group — by 32% (p < 0.01).

When comparing the total cholesterol value in
the rat blood serum of the 3" group (viburnum ex-
tract) with that of the control group, we noted its
increase by 11% (p < 0.05), and in the 4" group —
by 15% (p < 0.01). At the same time, when compar-
ing these values with those in the 2™ group, the
amount of cholesterol decreased by 13% with the
introduction of the viburnum extract (p < 0.05)
and with the introduction of eleutherococcus —
by 10% (p < 0.01). The cholesterol /phospholipid ra-
tio in the 3™ group was 31% (p < 0.001) higher than
in the control group, while in the 4™ group — 47%
(p < 0.001) higher. In comparison with the 2
group, this coefficient value decreased with the
administration of the viburnum extract by 38%
(p < 0.001) and with administration of eleuthero-
coccus — by 31% (p < 0.001). The value of the to-
tal fraction of very low density lipoproteins +
+ low density lipoproteins (VLDL + LDL) in the 3¢
group was higher than in the control group by 21%
(p < 0.001) and in the 4 group — by 31% (p < 0.001),
while reducing the content of high density lipopro-
teins (HDL) in the 3™ group by 10% (p < 0.05) and
in the 4" — by 15% (p < 0.001). When comparing
these values with those in the 2" group (nitrogen
oxides), we noted a decrease in VLDL + LDL by 22%
(p < 0.001) with administration of the viburnum
extract and by 16% (p <0.001) with administra-
tion of eleutherococcus, while the HDL content
in the 3 group was higher than in the 2" one by
19% (p < 0.01) and in the 4™ group — by 13%
(p < 0.05).

Nitrogen oxides intoxication (chemical stress)
was accompanied by a significant increase in AIAT
activity (5—6 times). Since the increase in this en-
zyme activity in the blood indicates an increase in
the permeability of hepatocyte membranes and the
escape of the enzyme into the blood, this means
that the chemical stress causes a damage to the liver
which plays a key role in vital processes of the body,
such as detoxification, carbohydrate, lipid, energy
metabolism etc. The confirmation of an increased
membrane permeability is a rise in the activity of
the cytosolic enzyme of lysosomes B-galactosidase
in blood serum. A decrease in the amount of total
phospholipids and an increase in total cholesterol
led to changes in the ratio of lipoproteins: levels of
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(p < 0.001) pu BBeJIEHUH HKCTPAKTA KAJIMHBI U HA
16 % (p < 0.001) IpH BBEZICHUH 3JIEyTEPOKOKKA, TIPU
atoM cojiep:kanue JITIBII B 3-i rpy1imne ObLJIO BHIIIIE,
yeM BO 2-# rpyire, Ha 19 % (p < 0.01), a B 4-# rpym-
e — Ha 13 % (p < 0.05).

WHTOKCUKAIUA OKCUZAMU a30Ta (XUMUUEeCKUH
CTpeCC) COMPOBOXK/AAIaCh 3HAUNUTEIBHBIM YBeJIuUe-
HueM aktuBHOCTU AJIAT (B 5—6 pas). Tak kak pocT
AKTUBHOCTH 3TOTO (PepMeHTa B KPOBU CBHUIETEIb-
CTBYeT O IOBHIIIIEHUH ITPOHUIIAEMOCTH MeMOpaH re-
MIaTOITUTOB U BBIXOZlE (DepMeHTa B KPOBB, 3TO O3HA-
YaeT, UTO TP XUMHUIECKOM CTPECCE IIPOUCXOIUT TI0-
pakeHUe IeYeHU, KOTOpas UTPaeT KJIIOUEBYIO POJIb
B ’KHM3HEHHO BAXKHBIX IIPOIECCAX OPTaHU3Ma, TAKUX
KaK JIETOKCUKAII 1, YTJIEBOJHBIN, IUITUTHBIN, S9HEP-
retudeckuil oomeH u ap. IlogTBep:kaenneM dakra
MIOBBIIIIEHNS TIPOHUIAEMOCTH MeMOpaH SBJISAETCS
U yBeJINUeHHe aKTUBHOCTHU B CHIBOPOTKE KPOBH ITU-
TO30JIBHOTO (hepMEHTA JTU30COM [-TasIaKTO3UAA3BbI.
CHuKkeHHe KosuuecTBa oOImux (GhochoIumuaoB u
yBeJIMUeHHUE COZep:KaHU 00IIero XoecTepuHa 06-
YCJIOBUJIO U3MEHEHUsI B COOTHOIIEHUH JIUTIOIPOTE-
WHOB: Bo3pociio coaepxkanue JITIOHII + JITIHIT n
yMmeHbiuiaocs — JIIIBII, T. e. pa3BUINCh JUCIUIIN-
JIEMUS U JUCTUTIONpOoTenHeMUs. Takye u3MeHeHU
00yCJIOBJIEHBI yTHETEHUEM AKTUBHOCTU JIEIUTHH-
xoJiectepuH anuiaTpancdepassl (JIXAT), napyme-
HHUEM CHHTE3a U KaTaboIM3Ma JIMIIOITPOTENHOB [17].

AHanuzupys U3MeHeHHUs IIoKasaTesled CHucTe-
MBI aHTHOKCHU/IAHTHOH 3aIIUTHI, CJIEAYET OTMETHUTD,
YTO TPOSBJIEHUEM MeTabOJHMYECKUX PACCTPOHCTB
IIpU CTpecce SBJISETCS ee HAIPsIKeHHe U HUCTOIe-
uue. [Ipu BO3/IEHCTBUH OKCHUJIOB a30Ta OTMEYAET-
Cs UCTOIIEHNE AHTUOKCUAAHTHON CUCTEMBI (AKTHB-
HocTh COJ/I ymeHbIIHIIACh Ha 57 %). Tak:ke oTMeda-
Jiock nasienue ypoHsi I'-SH (Ha 45 %). Vi3amMeHeHUe
AHTUOKCHJAHTHOTO CTaTyca 00yCJIOBUJIO aKTHBU3A-
[0 IEPEKMCHOTO OKUCJIEH U JINITN/IOB, UTO IIPUBE-
JIO K YBEJIMYEHUIO KOJTMYECTBA MAJIOHOBOTO JAUAJTh-
JIeTU/ia B KDOBU KPBHIC.

IIpu npoduiakTudyeckoM BBeZIEHUU HKCTPaK-
TOB KaJINHbI U 3JIEYyTEPOKOKKA JI0 MHTOKCHUKAIITUU
OKCHUJIJaMH a30Ta HAOJII0/1aj1ach TEHIEHITUS K YCTOH-
YUBOMY (PYHKIITMOHHUPOBAHUIO CHUCTEMbI aHTHOKCH-
JIAHTHOM 3allUTHl OPTaHMU3Ma M BOCCTAHOBJIEHUIO
U3yYeHHBbIX OMOXUMIYECKUX ITOKa3aTesel. ITo, Mo-
BUIIMOMY, 0OYCJIOBHJIO BBIXKUBAEMOCTD JKUBOTHBIX
0 70 %. BuoxuMuueckuM MeXaHH3MOM JAHHOTO
(enoMeHa sABIsAETCA CIOCOOHOCTH (DEHOIIBHBIX COe-
JUHEHUU, BXOIANINX B COCTAB DKCTPAKTOB, YJIABJIU-
BaTh CBOOOIHBIE PA/IUKAJIBI, TEM CAMBIM HEUTpaJIU-
3y 3G deKTsl OKCHUJIATUBHOI'O cTpecca. V3BecTHO,
YTO pacTUTeJsIbHble (EeHOJbHbIE COEJUHEHUs CIIO-

VLDL + LDL increased and HDL levels decreased,
i.e., dyslipidemia and dyslipoproteinemia devel-
oped. Such changes are due to inhibition of the
lecithin-cholesterol acyltransferase (LCAT) acti-
vity, a disturbance of the synthesis and catabolism
of lipoproteins [17]. When analyzing changes in
the parameters of the antioxidant defense system,
it should be mentioned that the manifestation of
metabolic disorders during stress is its tension and
exhaustion. Under exposure to nitrogen oxides,
the depletion of the antioxidant system is noted
(SOD activity decreased by 57%). There was also a
decrease in the level of G-SH (by 45%). The change
of antioxidant status led to the activation of lipid
peroxidation process which resulted in some in-
crease in the amount of malondialdehyde in the
blood of rats.

With the prophylactic administration of the
extracts of viburnum and eleutherococcus before
nitrogen oxides intoxication, a tendency was ob-
served towards the stable functioning of the body’s
antioxidant defense system and the restoration of
the studied biochemical parameters. This, appar-
ently, determined the survival rate of animals up
to 70%. The biochemical mechanism of this phe-
nomenon is the ability of phenolic compounds that
make up the extracts to trap free radicals, thereby
neutralizing the effects of oxidative stress. It is
known that plant phenolic compounds contribute
to the activation of the enzyme LCAT [18] which
explains the possibility of dyslipidemia correction.
As a comparison drug we used the eleutherococ-
cus extract. Studies have shown that it had a lower
pharmacological effect than the plant extract of
viburnum used in the experiment. In our opinion,
this is due to its phenolic compounds. It is known
that the viburnum extract contains polyphenolic
compounds, oligomeric proanthocyanidins in par-
ticular, which form a phenoxyl radical with higher
stability than that formed from monomeric flavo-
noids [19]. The extract of eleutherococcus consists
mainly of phenolic acids (monomeric compounds)
which possibly determines their lesser activity.
It is known that monomers (in particular epicate-
chin) are highly active only against the superoxide
radical of oxygen but not against the other some-
times much more reactive radicals [20]. Therefore,
the phenolic compounds of the viburnum extract
demonstrate greater antioxidant properties than
the comparison drug. The phenomenon of lower-
ing of cholesterol ratio is explained by the fact that
phenol molecules activate 7a-cholesterol hydroxy-
lase, the enzyme which is involved in the oxidation
of cholesterol to bile acids [21].
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coberBytoT aktuBanuu ¢epmenta JIXAT [18], uro
00BACHSIET BO3MOXKHOCTH KOPPEKITUM JUCIUIIN]IE-
Muu. B kauecTBe nmpemapara cpaBHeHUs Hamu ObLI
HCIIOJIb30BaH DKCTPAKT 3JIeyTepoKOoKKka. Kak moka-
3aJTU WICCJIEJIOBAHUSI, OH OKA3bIBAJI MEHBIINH dap-
MaKoJIOTUYeCKUN 5GQEKT, YeM HCIOIb3yeMBIH B
SKCIIEpUMEHTE PACTUTEJIBHBIN SKCTPAKT KaIUHBL
ITo HatemMy MHEHUIO, 3TO 00YCJIOBJIEHO BXOSIIIU-
MH B €0 COCTaB (PEHOJIBPHBIMU COEANHEHUAMHU. 13-
BECTHO, YTO B COCTaB HKCTPAKTA KAJIUHBI BXOJAT
o EHOTbHBIE COEIMHEHUS, B YACTHOCTU OJIU-
roMepHbIe MTPOAHTOIIUAHUIUHBI, KOTOpble 06pasy-
10T PEHOKCUJIBHBIN pasiuKa ¢ 60see BEICOKOU cTa-
OUJIBHOCTBIO, UeM O00OpasyIoNIUicss U3 MOHOMeEp-
HbIX (aBoHOWIOB [19]. B cocraB skcTpakTa aje-
YTEPOKOKKA BXOAAT MPEUMYIIECTBEHHO (DEHOJIb-
HbIE KHCJIOTHI (MOHOMEPHBIE COEJHUHEHUS), UTO,
BO3MOJKHO, M O0YCJIOBJIMBAET UX MEHBIIYIO aKTHB-
HOCTB. VI3B€CTHO, YTO MOHOMEPHI (B YACTHOCTH SITU-
KaTeXWH) MPOSBJIAIOT BbICOKYI0O aKTUBHOCTb TOJIb-
KO B OTHOIIEHUU CYIEPOKCHU/I-PaJINKajia KUCJIOPO-
J1a, HO He B OTHOIIIEHUH OCTAJIbHBIX, TOYaC HAMHO-
ro 6osee aKTUBHBIX pagukasos [20]. [ToaTomy de-
HOJIbHBIE COETUHEHU, BXOAAIINE B OKCTPAKT Ka-
JIMHBI, JIEMOHCTPUPYIOT AHTUOKCUIAHTHBIE CBOMU-
cTBa B OOJIBIIEH CTelleHH, YeM IIperapar CpaBHe-
Hus1. PeHOMEH CHUIKEHUs XOJIECTEPHUHA OOBACHSA-
eTcss TeM, YTO MOJIEKYJIbl (PEHOJIOB AKTUBHUPYIOT
(epMeHT 70-XOJIECTEPUHTUIPOKCUIIAZY, YIACTBY-
IOIUH B OKUCJIEHUH XOJIECTEPUHA B JKEJTUHBIE KHC-
JIOTHI [21].
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CONCLUSION

The use of plant extracts containing complexes
of phenolic compounds is a promising direction for
the prevention of metabolic disorders. Prophylactic
supplementation with the extract of viburnum will
allow to effectively deal with the consequences of
the complex effects of chemical stress factors that
indicates the advisability of using plant extracts for
preventive purposes for people living in ecological-
ly unfavorable regions.

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

3AK/IIOUEHMUE

[TpuMeHeHNEe SKCTPAKTOB PACTUTEIBHOTO IIPO-
HCXOXK/IEHUS, COZIePKAIINX KOMILIEKCHI (eHOIBHBIX
COeIMHEHUH, ABJIAETCS MEPCIEKTUBHBIM HaIlpaBJie-
HHUEM AJ1 TPOMUIAKTUKN MeTabOJINIeCKuX Hapy-
meHui. [IpodrakTHUecKuil MPUEM SKCTPAKTA Ka-
JINHBI TO03BOJIUT 3G GEKTUBHO OOPOTHCA C MOCTE-
CTBUSIMU KOMILJIEKCHOTO BO3/IEACTBUS XUMUUIECKUX
CTPECCOBBIX (AKTOPOB, UTO CBUETEIBCTBYET O Ife-
J1IecOOOPa3HOCTH TMPUMEHEHUs PACTUTEJIBHBIX DKC-
TPaKTOB B TPOMUIAKTUUECKUX IEJISAX JIIOZ M, IIPO-
JKMBAIOIINM B 9KOJIOTHYECKH HEOIaTOIPUATHBIX pe-
THOHAX.

KoH@IUKT HHTEPECOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUM KOH(MJINKTA UHTEPECOB.
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CTpyKTYypHO-(PYHKIIMOHAJIBbHOE COCTOTHUE CEPAIIA Y 00TBbHBIX
IMOKIUJIOTO BO3pacTa ¢ COUYeTaHHOU OPOHX000CTPYKTUBHOM
MaTOJIOTHEH U apTEPUAJTbHOU TUIIEePTEeH3UueNn

Tpetbsikos C.B., [TonoBa A.A., JlémuH A.A.

®OI'6OY BO «Hosgocubupckuil 2ocydapcmeeHHblilt meduyuHcekuil ynusepcumem» Munazdpasa Poccuu

Structural and functional state of the heart in elderly patients with
combined broncho-obstructive pathology and arterial hypertension

Tretyakov S.V., Popova A.A., Demin A.A.

Novosibirsk State Medical University

AHHOTAIIUA

C 1esipl0 YTOUHEHUsI OCOOEHHOCTEH CTPYKTYPHO-(DYHKIIMOHAIBHOTO COCTOSHUS CEPAIA IIPU COYETAHUU XPOHH-
4ecKor 06cTpyKTUBHOMN Goste3nu serkux (XOBJI) u 6ponxuanbHoi actMbl (BA) y suIl MOKUIOTO BO3pacTa ¢ apTepu-
anpHOU runeptensuei (Al) nmpoBeneHo nanHOe ucciaenoBanue. ObceenoBano 15 Mmy4uH ¢ XOBJI u BA (cpegHuii Bo3-
pact — 68.4 + 3.6 r.). I'pynny cpaBHeHuUs cocTaBuiu 15 60bpHBIX XOBJI (cpemuuii Bo3pacT — 63.4 + 3.2 T.). Y BceX JIUI
XOBJI 6bLy1a KaTeropuu B.

BhIsIBJIEHO, YTO MIPU COUETAHHOH GPOHX006CTPYKTHUBHOMN MATOJIOTHH, B OT/IMUKe OT 601bHBIX ¢ XOBJL, y I MOXKU-
sioro Bo3dpacra ¢ AI' oTmeuaeTcst 60JIbIIAs CTENEHb BHIPAYKEHHOCTH KOHIIEHTPUYIECKOH rUNepTPpOdUH JIEBOTO JKeIyI04-
Ka IPY MOBBINIEHUN er0 KOHTPAKTUIBHOCTH (2 UMEHHO 17106aJIbHOM TTPOI0ILHON CHCTOTNYECKOH cITocCOGHOCTH) Ha HoHE
OTCYTCTBHUSI OTJIMYHH I10 THACTOJINIECKOH ero GyHKIINHU U, B YaCTHOCTH, IPo1oyIbHOH. I1pu couetannu XOBJI u BA, B oT-
suyue ot 60spHBIX ¢ XOBJI, y i mokusoro Bo3pacra ¢ AI' otMeuaeTcs 60JIbIas CTeNeHb HAPYIIEHU I aKTUBHOT'O pac-
c1abJIeHu s IPABOTo JKeJIyI0UKa IIPU MTOBBIIIEHNH ero (GyHKIUY, B YaCTHOCTH I7I00a7IbHON IPOAOIBLHON CHCTOIMIECKOH
dyukIUH, Ha PpoHe 6oJIee BBIPAKEHHOM JIETOYHON TUIIEPTOHU Y. BhIsIBJIEHHBIE 0COOEHHOCTH TEMOJTUHAMUKHI MaJIOTO KPy-
ra KpoBoobOpaieHus 1 GYHKIUH IIPABOTO JKeJIyI0UKa ABJIAIOTCS OCHOBOU /11 BBIOOPA IMaTOr€HETHYECKH OIPABIAHHOM
Tepamnuy, HAIIPaBJIEHHOHN He TOJIbKO HAa CHU)KEHUE JIaBJIEHUS B JIETOYHON apTEPUH, HO M HA YJIy4IIIeHUE KaIbI[UEeBbIX Me-
XaHU3MOB KaK B CUCTOJLY, TAK U B JIHACTOJTY.

Kaoueawvle c108a: JeBbIH KeTyA0U€eK, TPABBIH KeJIyI0UeK, COKPATUTEIbHAS QYHKIIUS, JUACTOTHYeCKast QYHKIUS,
XpOHMYECKast 06CTPYyKTUBHAsI 00JIE3HD JIETKUX, OpOHXHAIbHAS aCTMA.

ABSTRACT

In order to specify features of a structural and functional state of the heart in the combination of chronic obstructive
pulmonary disease (COPD) and bronchial asthma (BA) in elderly people with arterial hypertension (AH) this research was
conducted. The 15 men with COPD and BA (average age — 68.4 + 3.6 years) were surveyed. The group of comparison con-
sisted of 15 patients with COPD (average age — 63.4 + 3.2 years). All patients had type B COPD.

It was revealed that in the combined broncho-obstructive pathology, unlike patients with COPD, the elderly people with
AH show a greater degree of concentric hypertrophy of left ventricle with an increase in its contractility (namely, global longi-
tudinal systolic capacity) against the background of lack of differences in its diastolic function and longitudinal in particular.
When COPD and BA are combined the elderly people with AH, unlike patients with COPD, have a larger degree of impaired
active relaxation of the right ventricle with an increase in its function, particularly global longitudinal systolic function, against
the background of more pronounced pulmonary hypertension. The revealed features of hemodynamics of pulmonary circula-
tion and function of right ventricle are the basis for choosing pathogenetically justified therapy aimed not only at decreasing the
pulmonary artery pressure, but also at improvement of calcium mechanisms in both systole and diastole.

Keywords: left ventricle, right ventricle, contractile function, diastolic function, chronic obstructive pulmonary dis-
ease, bronchial asthma.
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BBEAEHWE

K HauboJiee pactipocTpaHeHHBIM U 3HAUUMBIM
COILYTCTBYIOIITUM 3a00JIEBAHUAM ITPH XPOHUIECKOH
obcTpykTuBHOU 60s1e3HM jerkux (XOBJI) oTHOCHT-
s CepAeTHO-COCYIUCTA S TATOJIOT U (BBIABIISIETCA B
65 % caydaen) [1, 2]. [To JaHHBIM 5TTH/IEMUOJIOTH-
YEeCKHUX UCCJIEJOBAHUHA HA OOJIBIITUX MOMYIAIUAX Y
maireHToB ¢ XOBJI oTmeuaeTcss B 2—3 pasa 60J1b-
IIUH PUCK KapAUOBACKYISAPHOU cMepTH [3]. B k-
HUYECKOU KapTUHE BHYTPEHHUX OOJIE3HEN apTepH-
anpHas runepronus (AT y 6ospabix XOBJI mpen-
CTaBJISIET OHO M3 YACTHIX KOMOPOUIHBIX COCTOSI-
Hui. [Io JaHHBIM pa3HbBIX aBTOPOB yactota Al ipu
XOBJI BappupyeT B MIHUPOKUX IIpefesaxX, JTOCTHU-
ras 76.3 %, ¥ COCTaBJIsSIET B CPe/THEM 34.3 % cilyda-
eB [1, 4]. He Tos1bKO JIOKaJIbHOE BOCITaJIeHUE B OPOH-
XaXx, HO ¥ IEPCUCTHUPYIOIee CUCTEMHOE BOCIIaJIeHe
[5, 6], cBoiictBenHOe GobHBIM XOBJI, BHOCUT Cy-
IECTBEHHBIN BKJIAJ B IIATOT€HE3 aTepOCKJIepO3a U
JIPYTUX CepAeUYHO-COCYyAUCTRIX 3aboeBanuil (CC3)
y GOJIBHBIX ¢ OPOHXOOOCTPYKTUBHOU IATOJIOTHEH.
Y 60abHBIX XOBJI TIOBBINNIEHHBIA PUCK CEPJIEYHO-
COCYZIMICTBIX OCJIOKHEHUH CBS3aH C BBICOKUMU KOH-
HeHTpanuaAMUu B KpoBu C-peakTWBHOro Oeyika u
TNF-a [7]. Bmecte ¢ Tem nmpumepHO 7 % OOJBHBIX
XOBJI OgHOBpPEMEHHO CTPAJAT OPOHXHAJIBHOH
acrmoii (BA) [1, 8].

IHEJIb NCC/IEJOBAHUA

YTouHeHHEe 0COOEHHOCTEN CTPYKTYPHO-(QYHK-
[IMOHAJILHOTO COCTOSIHUsI CePAIlla IPU COYETaHUH
XPOHUUYECKOH OOCTPYKTHUBHOU OOJIEBHU JIETKUX U
OpOHXHMAJIPHOW aCTMbI Y JIUI] IOKUJIOTO BO3pAcTa ¢
apTepuaJIbHOU rUnepTeH3Hen

MATEPHUAJIBI 1 METO/bI

O6cnenoBano 15 myxunH ¢ XOBJI u BA (ocHOB-
Has rpynna), cpefHui Bo3pact — 68.4 + 3.6 . I'pym-
Iy cpaBHeHHs cocTaBuH 15 60bHBIX XOBJI (cpes-
HUU Bo3pacT — 63.4 + 3.2 1.). ¥ Bcex jun, XOBJI
OpL1a KaTeropun B. CpeiHsAS BeTMUMHA CUCTOIIYE-
ckoro A/l B OCHOBHOU T'PYIIIIE cCOCTaBUIIA 154.2 + 8.8
MM PT. CT., B TpyIIle CpaBHeHUA — 156.5 + 19.9 MM
pT. cT. BennumHA HACTOINYECKOTO JABJIEHUS —
83.6 + 6.2 MM PT. CT. Y 60JIbHBIX OCHOBHOI T'PYIIIIBI
u 86.6 £ 15.4 MM PT. ct. y su1] ¢ XOBJI. Kpurepus-
MU UCKJIIOUEHHUS U3 UCCIIEA0BAHUS ObLIN: HHOAPKT
MHOKap/ia B aHaMHe3e, GUOpUILIAIUA IpeicepAni,
KJIallaHHAaA NaTOJIOTUA cep/lia, cep/leuHas HeJIoCTa-
TOYHOCTD 3—4-TO (PYHKIIMOHATBHBIX KJIACCOB, OXKHU-
peHue 2—3-i cTeneHwu.

C nespl0 U3yUeHUs CTPYKTYPHO-(PYHKIIHOHA-
JIBHOT'O COCTOSTHU I CEP/ILIA ITPOBOMIIOCH YIBTPA3BY-
KOBOE HCCcJIe/IoBaHue Ha annapare Mindray.

INTRODUCTION

The most common and significant concomitant
diseases in chronic obstructive pulmonary disease
(COPD) include cardiovascular pathology (detected
in 65% of cases) [1, 2]. According to epidemiological
studies in large populations, patients with COPD
have 2—3 times greater risk of cardiovascular death
[3]. In the clinical picture of internal diseases ar-
terial hypertension (AH) in patients with COPD
is one of the frequent comorbid states. According
to different authors AH frequency in COPD varies
over a wide range, reaching 76.3% and is on aver-
ages 34.3% of cases [1, 4]. Not only local inflam-
mation in bronchi, but also the persistent systemic
inflammation [5, 6] characteristic of patients with
COPD contributes significantly to pathogenesis of
atherosclerosis and other cardiovascular diseases
(CVD) in cases of bronchobstructive pathology. In
patients with COPD an increased risk of cardiovas-
cular complications is associated with high blood
concentrations of C-reactive protein and TNF-a [7].
At the same time, approximately 7% of COPD pa-
tients suffer simultaneously from bronchial asthma
(BA) [1, 8].

AIM OF THE RESEARCH

To specify the features of structural and func-
tional state of heart in chronic obstructive pulmo-
nary disease associated with bronchial asthma in
elderly people with arterial hypertension.

MATERIALS AND METHODS

15 men with COPD and BA (the main group)
were examined, average age — 68.4 + 3.6 years.
Group of comparison consisted of 15 patients with
COPD (average age — 63.4 + 3.2 years). All individ-
uals with COPD had category B. The average sys-
tolic arterial blood pressure in the main group was
154.2 + 8.8 mm Hg, in the group of comparison —
156.5 + 19.9 mm Hg. The maximum diastolic pres-
sure was 83.6 £ 6.2 mm Hg in patients of the main
group and 86.6 + 15.4 mm Hg in persons with COPD.
Criteria of exclusion from the study were: myocardial
infarction in the anamnesis, atrial fibrillation, valvu-
lar heart disease, heart failure of the 3—4™ functional
classes, obesity of the 2¢ to 3¢degree.

In order to study the structural and functional
state of the heart the Mindray ultrasaound exami-
nation was performed.

We determined the following parameters:
end-diastolic volume and size (EDV, ml; EDS, cm),
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OrpeJiesisivi KOHEUHBIN TUACTOJTUIYECKUH 00b-
eMm u pazmep (KO, mi; KIP, cM), KOHEUHBIH CHCTO-
suyeckuit 06bem u paszmep (KCO, mir; KCP, cm) jte-
Boro xkesynouka (JI?K), ynapusiii oovem (YO) JIOK,
dpaxiuio BeibGpoca (OB, %), uHIEKC MacChl MHOKaP-
na JIK (MMM, r/m?) u uHeKC OTHOCUTETbHOH TOJI-
IUHBI CTEHKU JIEBOTO kesryouka (MOT).

Jnactosnyeckyo QYHKIIUIO JIEBOTO KEJTyI0u-
Ka cep/lia OlleHUBAJIM METOIOM JIOILIEPIXOKAPAHUO0-
rpaduu, KOTOPYIO BBIMIOJIHSIN B UMIIYJIbCHOM pe-
JKHME C MCII0JIb30BAaHUEM BEPXYIIIEUHOTO JIOCTYIIA B
YeThIpeXKaMepHOU Tpoeknuu cepana. Onpenes-
JIV CJIEYIOIINE IIapaMeTpPhl: MAaKCHMaJIbHYI0 CKO-
pocth pantero HanosHeHus (E, cm/c), MakcuMasib-
HYI0 CKOPOCTb IIPEICEPIHOT0 HAMoIHeHU (A, cM/c),
ux cootHorenue (E/A), a3y paHHEro HalOJTHEHU
(FEF, c), dasy npencepanoro namnosuenus (FAF, c),
MexaHuueckyto auacrony (MD, ¢), cpeaHue cKopo-
CTU paHHero u mpezcepaHoro HamosHeHUs (ASE,
cMm/c; ASA, em/c) [9].

I'706anbHYI0 MPOJOJIBHYI0 CUCTOJTUYECKYIO U
JIMACTOJINYECKYI0 (DYHKIIMHU JIEBOTO U MIPAaBOTO Ke-
JIYIOYKOB OIIEHUBAJIU 110 TKAHEBOMY JIOILJIEPOBCKO-
MY CIEKTpPy. B Kak/JoM TKaHEBOM JOILJIEPOBCKOM
CIEKTPE OIpPEeNEJIsIIN MaKCUMAJIbHYIO (IIMKOBYIO)
CUCTOJINYECKYI0O CKOPOCTh JIBHXKEHHUSI MHUTPAJIbHO-
ro KoJiblia (Sm cM/c), MaKCUMaJIbHBIE JUaCTOJIHYe-
CKHe CKOPOCTH B paHHIoK dasy (Em, cM/c) 1 mpe-
ceprauymo dasy (Am, cm/c), cooTHomenuss Em/Am u
E/Em, npomomkuTe IbHOCTD (ha3bl H30METPUUECKO-
ro pacciabienus (IVRT, mc), mepuoma mpeabI3rHa-
uus# (PP, mc) [9, 10].

Ompeniesisianuch AaBjeHNe B MPaBOM IIpeJcep-
quu (RAP, Mmm pt. ct.) [11], IpOIIEHT yKOpOUEeHU s
wiomaau mpasoro kemymouka (CRVA, %) [12-14],
00beM TpaBoro KeJyaouka B cucroy (RVVs, cm3 )
u puacroiay (RVVd, ecm3 ) [15-18], ymapHbiii 00beM
mpasoro xeaymouka (RVSV, mi), dpakuus BeIOPO-
ca npasoro xenynouka (RVEF, %) [15, 18], cpennee
JaBjeHue B yierouyHoi aprepuu (PAPm, MM pr. cT.)
[19], maByieHME 3aKJIMHUBAHUSA B JIETOUHOU apTEPUU
(PCWP, MM pT. cT.) [20], JIeroOYHOE COCYAUCTOE CO-
npotusyierue (PVR, quH - ¢ - cm5) [21], mpomosku-
TEJIHOCTh IMEPHO/Ia M3THAHUS IIPABOTO JKEJIYI0U-
ka (PERYV, mc), cootHomenue PP/PERV (yci. en.) u
Tei-unzexc, MpeACTaBIAOMUN cOO0H CyMMy ITOKa-
3aTesied, OTPaKAIONUX CUCTOJIUYECKYIO U JTUACTO-
JINYECKYIO (PYHKITUU U KOJIMYECTBEHHO XapaKTepHu-
3YIOIUH II06aIbHYI0 (PYHKIUIO IIPABOTO KETY0U-
Ka [22].

IMosnyuenuslil udpoBoi MaTepuas 6611 06pa-
00TaH C MOMOIIbI0 BaPHAIMOHHO-CTATUCTHYECKUX
METO/IOB IIyTEM pacueTa cpefiHel apudmMeTnuecKoin
(M), cpenHexkBaJpaTUYHOTO OTKJIOHeHUs (0). Pas-

end-systolic volume and size (ESV, ml; ESS, cm) of
left ventricle (LV), stroke volume (SV) of LV, ejec-
tion fraction (EF, %), myocardial mass index of LV
(MMI, g/m?) and index of relative wall thickness of
left ventricle (IRWT).

Diastolic function of the left ventricle of
the heart was estimated by method of doppler
echocardiography which was performed in pulse
mode using apical access in a four-chamber projec-
tion of the heart. The following parameters were
determined: the maximum early filling velocity (E,
cm/s), the maximum atrial filling velocity (A, cm/s),
their ratio (E/A), phase of early filling (FEF, s),
phase of atrial filling (FAF, s), mechanical diastole
(MD, s), average velocities of early and atrial filling
(ASE, cm/s; ASA, cm/s) [9].

Global longitudinal systolic and diastolic func-
tions of left and right ventricles were evaluated
using the tissue Doppler spectrum. In each tissue
Doppler spectrum the following parameters were
determined: maximum (peak) systolic mitral annu-
lus velocity (Sm, cm/s); maximum diastolic veloci-
ties in the early phase (Em, cm/s) and in the atrial
phase (Am, cm/s); Em/Am and E/Em ratios; dura-
tion of the isometric relaxation phase (IVRT, ms);
duration of pre-ejection period (PP, ms) [9, 10].

Besides we determined the pressure in the right
atrium (RAP, mm Hg) [11], the percentage of short-
ening of right ventricular area (CRVA, %) [12—14],
right ventricular volume in a systole (RVVs, cm?) and
in a diastole (RVVd, cm3) [15—18], right ventricular
stroke volume (RVSV, ml), right ventricular ejection
fraction (RVEF, %) [15, 18], average pulmonary ar-
tery pressure (PAPm, mm Hg) [19], pulmonary cap-
illary wedge pressure (PCWP, mm Hg) [20], pulmo-
nary vascular resistance (PVR, dynes - s - cm™) [21],
period of ejection of right ventricle (PERV, ms), PP/
PERV ratio (standard unit) and the Tei-index which
is representing the sum of parameters reflecting sys-
tolic and diastolic functions and quantitatively cha-
racterizing global function of right ventricle [22].

The received digital material was processed
using variational and statistical methods by calcu-
lation the arithmetic mean (M), standard deviation
(0). The difference of indicators was determined by
method of differential statistics according to Stu-
dent criterion and was considered statistically sig-
nificant at p < 0.05 (at 5% level of significance). Cor-
relation analysis was performed. The Pearson lin-
ear correlation coefficient r was used. The presence
of high correlation relationship was considered at
r = 0.87-1.0.
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JIMYre IoKasaTeyiedl OIpesessaoch METOIOM pas-
HOCTHOU CTaTHUCTHUKU MO KpuTepuio CThIOIEHTA U
CUYUTAJIOCH CTATUCTUYECKU 3HAUMMBIM IIPHU P < 0.05
(mpu 5% ypoBHe 3HaUUMOCTH). IIpoBomICsS KOppe-
JIANVOHHBIN aHanus. Mcmosbp3oBascsa ko3ddunu-
eHT JIMHEHHOHN Koppessnuu [Iupcona r. Hammuue
BBICOKOH KOPPEJISIHOHHON B3aMMOCBSI3HU CUUTAJIH
npu r = 0.87-1.0.

PE3YJIBTATHBI U OBCY:KAEHUE

B ocHOBHOI TpyIIle, B OTJINYKE OT OOJBHBIX C
XOBJI, otmeuaetcs ymeHnbienue KO sieBoro xe-
ayaouka Ha 9.1 % u KCO JIK Ha 41.5 % (p < 0.05)
Ha ¢one Bo3pacranusa YO JI2K Ha 11.7 % (p < 0.05),
®B — Ha 15.5 % (p < 0.05), UMM JI’K — Ha 20.8 %
(p < 0.05) u UOT — na 17.6 % (p < 0.05) (Tabmr. 1).
Y GosBHBIX BO BCEX TPYHIIAX PETHCTPUPOBAIACH
KOHIIEHTPHYECKAs THUIIEPTPODUS JIEBOTO KEIYA0U-
Ka.

H3yuenne auacToONN4YecKON (YHKIMU JIEBOTO
JKEJTYJTIOUKA ITOKA3aJI0, UYTO Y O0JIBHBIX KAK OCHOBHOH
TPYIINBL, TAK U TPYIIbI CDAaBHEHUsI HApyIlIeHa IJI0-
OasyipHAs muacTosnveckas QyHKmud (Tabi. 2).

Y siun ¢ XOBJI u BA, B oTsimuue OT I'PyIIbI
CpaBHEHHs, XOTSA U OTMeuarTcs 6ojiee BBHICOKHE
3HAUEHUsI MAKCHUMAaJIBHBIX U CPEIHUX CKOPOCTeH
IIOTOKOB Kak B a3y paHHETO HAIOJHEHUS, TaK U
MPeCep/THOTO, OJHAKO COOTHOIIEHNE ITHKOBBIX
CKOPOCTEU CBUETEIHCTBYET 00 OTCYTCTBHUH pas-
JIMYUU B CTEIIEHU HAPYIIEHUS TaCCHBHOTO HAIIOJI-
HEHUs JIEBOTO JKeJyllouka Mexay rpynmamu. Ha
(oHe OTCYTCTBUA OTIUUNN MEXKAY TPYyHIIAMH II0
ITPOJIOJIKUTETbHOCTH MEXaHUYECKOU JIHACTOJIBI Y
6GOJIBHBIX OCHOBHOU TPYIIIBI peructpupyercs 60-
Jlee IpoioJKUTeIbHAA (Ha 11.8 %) dhasza mpenacepa-
HOT'0 HanoJIHeHus (p < 0.05). B ocHOBHO¥ rpyTine,
B OTJIMUME OT TPYIIIbl CPABHEHU S, TPOUCXOTUT He-
3HauuTeJbHOE (Ha 6.2 %) ykopoueHue (aspl U30-
BOJIIOMHUYECKOTO pacciaabiieHus, T. €. He 3aMeJlJIs-
eTcs y/ajieHre MOHOB KaJIbI[UsA U3 MHUOILJIa3Mbl B

RESULTS AND DISCUSSION

In the main group, in contrast to patients with
COPD, reduction of LV EDV by 9.1% and LV ESV
by 41.5% (p < 0.05) against the background of in-
crease of LV SV by 11.7% (p < 0.05), EF — by 15.5%
(p < 0.05), LV MMI — by 20.8% (p < 0.05) and
IRVT — by 17.6% (p < 0.05) was noted (see Table 1).
The concentric hypertrophy of left ventricle was
registered in patients of all groups.

The study of diastolic function of left ventricle
showed that the global diastolic function was im-
paired in patients of both the main and the com-
parison groups (see Table 2).

In individuals with COPD and BA, in contrast
to the comparison group, although higher values of
maximum and average flow velocity rates are noted
both in the phase of early filling and atrial phase,
however, the ratio of peak velocities indicates that
there are no differences in the severity of distur-
bances in passive filling of left ventricle between
the groups. More prolonged (by 11.8%) atrial fill-
ing phase is registered (p < 0.05) in patients of
the main group with the absence of differences be-
tween groups in length of mechanical diastole. In
the main group, unlike the comparison group, there
is a slight (by 6.2%) shortening of isovolumic relax-
ation time, i.e. the removal of calcium ions from the
myoplasm in diastole is not slowed down, and there
are no differences in the duration of pre-ejection
period (in the velocity of calcium ions entering the
myoplasm in systole) (see Table 2).

Data from tissue Doppler echocardiography
(see Table 3) show higher values of Sm, which re-
flects the state of global contractile longitudinal
function of LV, in the main group compared to
the comparison group. Sm has a correlation to the
LVEF and the LVSV value. There were no differ-
ences between groups in the state of longitudinal

Ta6uma 1. Hekotopblie CTPYKTYPHO-(DYHKITHOHATBHBIE TIOKA3aTeJIH JIEBOTO Kenyouka (M + o)
Table 1. Several structural-functional parameters of the left ventricle (M + o)

ITokazaresn / Parameter

XOBJI / COPD (n = 15)

XOBJI + BA/COPD+BA(n=15) p

K/IP, cm / EDS, cm 5.2 £ 0.71
KCP, cm / ESS, cm 3.5+ 0.5
KO, M / EDV, ml 132.0 £ 2.7
KCO, ma1 / ESV, ml 54.0 + 1.5
YO, mu / SV, ml 78.0 £ 5.5
@B, % / EF, % 62.0 £ 2.7
HOT / IVRT 0.47 + 0.42
UMM, r/m? | MMI, g/m? 164.7 £ 2.71

5.0 £ 1.1 —
2.8+ 0.6 —
120.0 + 7.7 —
31.6 £ 1.6 —
88.3+4.1 <0.05
73.3 £ 3.4 <0.05
0.57 + 0.61 <0.05
207.7 £ 5.37 <0.05
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Ta6smna 2. ITokazaTesu JUacToINYeCKor PyHKIINH JIeBOTO Keyaouka (M + o)
Table 2. Parameters of diastolic function of the left ventricle (M + o)

ITokazatesib / Parameter ~ XOBJI / COPD (n = 15) XOBJI + BA / COPD + BA (n = 15) D
E, cm/c | ecm/s 63.0 £ 0.01 70.92 + 0.02 <0.05
A, cM/c | cm/s 70.7 £ 0.03 78.9 £ 0.02 <0.05
E/A 0.89 + 0.03 0.89 + 0.03 —
FEF,c|s 262.5 £ 0.04 284.4 £ 0.04 —
FAF,c|s 162.0 + 0.04 183.6 + 0.04 <0.05
MD,c|s 475.5 + 0.02 477.6 £ 0.04 <0.05
ASE, cm/c | em/s 36.75 £ 0.07 44.35 £ 0.09 <0.05
ASA, cm/c | cm/s 41.67 + 0.88 40.3 £ 0.71 —
IVRT, mc / ms 97.5 + 0.02 91.5 + 0.02 —
PP, mc / ms 09.0 + 1.11 102.0 + 0.59 —

JINACTOJLY, U OTCYTCTBYIOT OTJIMYUH S 110 IPOJOJIKHU-
TEeJIbHOCTH MePUOZia IPEeBI3THAHUSA (110 CKOPOCTHU
BXOJK/IEHU S NOHOB KaJIBIIHs B MUOILJIa3MY B CUCTO-
ay) (cm. Tabi. 2).

JlanHple TKaHeEBOU JlomJlepoKapzuorpaduu
(Tabs. 3) MeMOHCTPUPYIOT 0OO0Jiee BBICOKHE 3Haue-
HHA [TOKa3aTesIA Sm, 0TPaKAIOIIET0 COCTOSHHUE TII0-
0aJIbHOH COKPATUTEJIBHON IPOAOJIBHON (QYHKITUHU
JIEBOT'O JKeJIY/I0UKa, B OCHOBHOU TPYIIIIE IO CPaBHe-
HUIO ¢ rpynnoi 6ospHBIX XOBJI. Sm nmeet Koppe-
asanuoHHy0 cBa3b ¢ OBJIK u Besmumnaon YOJIIK.
He 6b110 OT/IMYNY MEKAY TPYIIIaMHU 110 COCTOSHUIO
MTPOJIOJIFHON (DYHKIIMU cep/illa B AUacToIy. Bmecte
¢ TeM nokasaresib E/Em B 0OCHOBHOI rpyTire 6611 HA
12 % 6osbIre (p < 0.05), YTO KOCBEHHO CBH/IETEIb-
CTBYeT 0 60JIee BBICOKMX CPETHUX 3HAUEHU X JTaBJIe-
HUA 3aKJIMHUBAHUSA JIETOYHON apTePUU: B OCHOBHOU
TpYIIIe 3TOT [T0OKa3aTeJb ObLI HA 7.4 % BHIIIE, YEM B
rpyime cpaBHeHus (TabJ. 3).

H3yuenne auacTommyeckod (PyHKIIUHM ITTPaBO-
0 JKeJIyZ0o4uKa IT0Ka3aJjo, YTO Y OOJIBHBIX KaK OCHOB-
HOHM TPYIIIbI, TAK U TPYIIBI CPAaBHEHUs HapyIllleHa
wiobanpHasA auactoanueckas GyHkusa (Tabi. 4).
Y sun ¢ XOBJI u BA, B oTyinune OT rpyIbl cpaBHe-
HUsA, XOTS U OTMeUaroTcs 0oJiee BHICOKUE 3HAUEHU S

function of the heart in diastole. At the same time,
the E/Em index in the main group was 12% higher
(p < 0.05), which indirectly indicates higher av-
erage pulmonary capillary wedge pressure: it was
7.4% higher in the main group than in the com-
parison group (Table 3).

The study of diastolic function of the right ven-
tricle showed that in patients of both the main and
the comparison groups the global diastolic function
was impaired (Table 4). In patients with COPD and
BA in contrast to the comparison group, although
there are higher values of maximum and average
flow velocities both in the early filling phase and in
the atrial phase, the ratio of peak velocities indi-
cates no difference in the degree of loss of passive
right ventricle filling between groups. Although
we find no differences in the duration of phases of
the early filling and the atrial filling between the
groups, in patients of the main group a longer (by
13%) mechanical diastole (p < 0.05) due to elonga-
tion of diastasis period is noted. In the main group,
unlike the comparison group, the isovolumic relax-
ation phase is lengthened by 18.8% (p < 0.05), that
is, the removal of calcium ions from the myoplasm

Taoauna 3. [Tokaszaresu MpoAoIbHON ITI00IBHON QyHKIMY JIeBoro kenynouka (M + o)
Table 3. Parameters of longitudinal global function of the left ventricle (M + o)

ITokazaTesib / Parameter XOBJI / COPD (n = 15) XOBJI + BA / COPD + BA (n = 15) p
Sm, cm/c | cm/s 23.3 + 0.03 27.2 + 0.03 <0.05
Em, cm/c | cm/s 29.14 £ 0.02 29.06 + 0.03 —
Am, cm/c | cm/s 34.8 + 0.005 33.87 + 0.005 <0.05
Em/Am 0.83 + 0.04 0.86 + 0.05 —
E/Em 2.14 + 0.02 2.43 £+ 0.01 <0.05
PCWP (cpennee), MM pT. CT.  4.55 + 0.12 4.91 + 0.14 —

PCWP (average), mm Hg
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Ta6mna 4. [TokazaTesru JuacToINYecKod (PyHKIINH IIpaBoro xkeiyaouka (M + o)
Table 4. Parameters of diastolic function of the right ventricle (M + o)

ITokazaresib / Parameter XOBJI / COPD (n = 15) XOBJI + BA / COPD + BA (n = 15) D
E, cm/c | cm/s 40.58 £ 0.01 50.47 + 0.02 <0.05
A, cM/c | cm/s 51.06 + 0.03 65.65 + 0.02 <0.05
E/A,c]| s 0.76 £ 0.03 0.75 + 0.03 —
FEF,c|s 267.60 £ 0.04 261.60 * 0.04 —
FAF,c|s 182.40 + 0.04 175.20 + 0.04 —
MD,c|s 436.40 + 0.02 501.60 + 0.04 <0.05
ASE, cm/c | cm/s 24.21 + 0.07 30.90 + 0.09 <0.05
ASA, cm/c | cm/s 33.60 + 0.88 36.64 + 0.71 <0.05
IVRT, mc | ms 78.00 £ 0.02 96.00 + 0.02 <0.05
PP, mc | ms 03.63 £ 1.11 69.60 £ 0.59 <0.05

MaKCHMAaJIbHBIX ¥ CPEJHUX CKOPOCTEN ITIOTOKOB KaK
B a3y paHHero HaIOJHEHU:, TAK U IMPeJCepIaHO-
ro, OTHAKO COOTHOIIIEHHE ITUKOBBIX CKOPOCTEH CBU-
JIETEBCTBYET 00 OTCYTCTBUU PA3JIMUMI B CTEIEHU
HapyILIEeHNs TAaCCHBHOTO HATIOJIHEHUS MPABOTO JKe-
aynouka Mexzay rpynmamu. Ha ¢one orcyrerBus
OTJINYUH MEXKAY IPYyHIaMHU IO MPOOJIKUTETHHO-
cTu $a3 paHHEro U IMPeACepAHOr0 HATOJHEHUH Y
00JIBPHBIX OCHOBHOU IPYIIIIBI OTMeUaeTcs 6osiee mpo-
JIOJDKUTENbHAA (Ha 13 %) MeXaHMYecKas JMacToJIa
(p < 0.05), 3a cueT yJINHEHUS TIEPUO/A THUACTAZH-
ca. B ocHOBHOI rpyIIIie, B OT/IYNE OT IPYIIIIHI CPaB-
HEHU s, IPOUCXOIUT YAIUHeHUE (a3bl H30BOJIOMU-
yeckoro pacciaabiaenus Ha 18.8 % (p < 0.05), T. e. 3a-
MeJIJISIeTCS YAaJIeHe NOHOB KaJIbIIUA U3 MUOILIA3-
MBI B JIUACTOJIy, U YKOPOUEHUE IIEPHO/IA IPeJIbI3THA-
HUS B 1.34 pasa (p < 0.05), CBU/IETEIbCTBYOIIEE 00
YCKODEHUHU BXOK/IEHUS NOHOB KAaJIbIIHS B MHOILJIA3-
My B cuctoury (cM. Tab1. 4).

JlaHHBIe TKAHEBOMH JIoTIIIEpOKapAuorpaduu ae-
MOHCTPHUPYIOT OTCYTCTBHE OTIUUYHN MEXIY I'PYII-
MIaMH 110 COCTOSHUIO IPOZOJIbHOM (PYHKIUU CEP/I-
1a B auacrosiy. HecmoTpss Ha GOJblliie CKOPOCTH
Em (#a 10.3 %, p < 0.05) u Am (Ha 11.2 %, p < 0.05)
B rpynmne XOBJI + BA 1o cpaBHEHHIO ¢ TPYIION
XOBJI, coorHoIeHre Em/Am He MMeJIO CTaTUCTH-
YeCcKHU JIOCTOBEPHBIX OTJINYNH, a mokasaTesb E/Em
ObLJI B OCHOBHOM T'pyIine Ha 11 % Baiie (p < 0.05).
[Tpu 5TOM 3HaUeHUs JaBJIEHUS B IPABOM IIpezcep-
WU MEXy T'PYIIaMH JOCTOBEPHBIX OTIMYUH He
umenu (tabii. 5).

¥ 6onpHBIX ¢ XOBJI 11 BA, B OT/TMYHE OT IPYIIIBI
CPaBHEHHUS, OTMEYAETCS BO3PACTAHUE IIOKA3ATEJIS
Sm (cMm. TabJ1. 5), OTparKaoIIEro I106aJTbHYIO IPO-
JIOJTBHYIO CHCTOTMYECKYIO (DYHKIIHIO TPABOTO YKEJIy-
JIoUKa, Ha 29 % (p < 0.05). B ocHOBHOM rpyT1iie 06beM
IIPaBOTO KEJIYZ0YKA B CHCTOJIY Ha 12.9 % (p < 0.05)
MEHBIIIe, a B IUACTOIy — Ha 19 % (p < 0.05), 4YeM B

in diastole is slowed down, and pre-ejection period
is shortened by 1.34 times (p < 0.05), indicating the
acceleration of calcium ions entering the myoplasm
during systole (Table 4).

The tissue Doppler echocardiography data
demonstrate the absence of differences between
the groups according to the state of longitudinal
function of the heart in diastole. Despite the high
velocities of Em (10.3%, p < 0.05) and Am (11.2%,
p < 0.05) in the COPD + BA group compared to the
COPD group, the Em/Am ratio had no statistically
significant differences and the E/Em parameter
was 11% higher in the main group (p < 0.05). At the
same time, there were no significant differences in
the pressure values in the right atrium between the
groups (Table 5).

In patients with COPD and BA, in contrast to
the comparison group, there is an increase in Sm
(see Table 5), which reflects the global longitudi-
nal systolic function of the right ventricle, by 29%
(p < 0.05). In the main group, the volume of the
right ventricle in systole is 12.9% (p < 0.05) less,
and in the diastole — by 19% (p < 0.05) less, than
in the comparison group, which led to a decrease in
stroke volume of the right ventricle in the group of
people with combined bronchopulmonary pathol-
ogy by 24% (p < 0.05) in the absence of significant
differences in the EF of the right ventricle (Table 6).
The percentage of right ventricular area shortening
in the main group was 29.3% less (p < 0.05) than in
the comparison group.

Study of pulmonary circulation hemodynamics
in persons with COPD and BA (see Table 6) shows a
17.7% increase in mean pulmonary artery pressure
(p < 0.05) in the absence of reliable differences in the
pulmonary artery wedge pressure reflecting the level
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Ta6smuna 5. [Tokazaresu Ipoz0JIbHON I7100a7IbHOM (DYHKITVH IIPABOTO JKEJIYZ0YKa U IABJIEHUS B IIPABOM IIPE/ICEP/INHI

’(Il‘\:l;tlg )5 Parameters of longitudinal global function of the right ventricle and pressure in the right atrium (M + o)
ITokazaresis / Parameter XOBJI / COPD (n = 15) XOBJI + BA / COPD + BA (n = 15) p

Sm, cMm/c | cm/s 20.98 + 0.03 42.22 + 0.03 <0.05
Em, cm/c | cm/s 28.92 + 0.02 32.16 + 0.03 <0.05
Am, cm/c | cm/s 37.87 £ 0.005 42.62 £ 0.005 <0.05
Em/Am 0.76 + 0.04 0.75 + 0.05 —
E/Em 1.41 + 0.02 1.57 + 0.01 <0.05
RAP, mm pt. cT. / RAP, mm Hg 3.60 + 0.04 3.84 £ 0.02 —

TpyIIIle CPAaBHEHM s, UTO IIOBJIEKJIO CHIKEHUE YA ap-
HOTO 00BeMa MPABOTO JKeJIyA0UYKa B IPYIIIE JIUIL C
COUeTaHHOU OPOHXOJIEFOYHOU MaToJIoThel Ha 24 %
(p < 0.05) mpHU OTCYTCTBUH JOCTOBEPHBIX OTIMIUN
o ®B npaBoro xemymouka (tads. 6). [IponeHT yko-
POYEeHUsI IJIOIIA/THU [TPABOTO JKeJIyZA0YKa B OCHOBHOM
TpyIIlie MeHbIIIE Ha 29.3 % (p < 0.05), YeEM B I'pyIIIe
CpaBHEHUS.

W3yueHne reMOIMHAMHUKU MaJIOTO KpyTa Kpo-
BooOpamienus y jiun ¢ XOBJI u BA (cMm. Tab. 6) ae-
MOHCTPUPYeT IIOBBIIIEHNE CpPEeJHEro JaBJeHUS B
JIETOYHOU apTepuu Ha 17.7 % (p < 0.05) IPU OTCYT-
CTBUH JIOCTOBEPHBIX OTJIMYHH IO JABJIEHUIO 3aKJIU-
HUBAHUS B JIETOUHON apTEPUH, OTPAKAIOIIEMY YPO-
BEHb JIaBJICHUS B JIETOYHBIX BEHAX, a 3HAYUT, U B Jie-
BOM IIpeZICepAUU, U IO BEJIMYUHE JIETOYHOTO COCY-
JIUCTOTO COMPOTHUBJIEHUSA II0 CPABHEHUIO C JIUIIAMU
¢ XOBJI. Bennuuna Tei-unmekca B OCHOBHOH T'PYyII-
Ile Ha 10 % MeHbIIle, YeM B TPYIIIE CPABHEHHUS, UTO
CBU/IETEJIBCTBYET O MOBBIIIEHNN (QYHKIIUU IIPABOTO
JKeJIYI0UKA cepAIa. ITO KOCBEHHO MO TBEPIK/IaeT U
BestmunHa cooTHomenus PP/PERV, kotopas ymens-
aeTcs B OCHOBHOU rpymrre Ha 30 % (p < 0.05).

of pressure in the pulmonary veins and therefore in
the left atrium, and in the value of pulmonary vascu-
lar resistance compared to persons with COPD. The
value of the Tei-index in the main group is 10% less
than in the group of comparison, indicating an in-
crease in the function of right ventricle of the heart.
This is also confirmed by the PP/PERV ratio, which
is reduced by 30% in the main group (p < 0.05).

CONCLUSION

The conducted study allows us to draw the fol-
lowing conclusions:

1. In case of combined broncho-obstructive pa-
thology the elderly people with arterial hyperten-
sion, unlike the patients with COPD, have a greater
severity of concentric hypertrophy of left ventricle
with an increase in its contractility (namely global
longitudinal systolic capacity) against the back-
ground of lack of differences on its diastolic func-
tion and, in particular, longitudinal one.

2. When COPD and BA are combined the el-
derly people with arterial hypertension unlike pa-

Ta6auna 6. ITokazaTesn TeMOJUHAMUKI MaJIOr0 Kpyra KpOBOOOPAIEHHS ¥ COKPATUTEIbHOU CIIOCOOHOCTH IIPABOTO JKe-

saynouka (M + o)

Table 6. Parameters of hemodynamics of pulmonary circulation and right ventricle compressive capacity (M + o)

ITokazaresip / Parameter XOBJI / COPD (n = 15) XOBJI + BA / COPD + BA (n = 15) p
CRVA, % 4273 £ 2.71 30.23 + 7.76 <0.05
PAPm, mm pT. cT. | mm Hg 38.70 £ 1.53 47.00 + 1.68 <0.05
PCWP, MM pr. cT. | mm Hg 3.60 + 2.71 3.84 £ 7.76 —
RVR, aus-c-cm™> | dyne-s-cm™ 34.4 + 1.53 34.6 + 1.68 —
PP/PERYV, yci. enn. | cu. 0.31 £ 5.58 0.22 + 14.06 <0.05
RVVs, cm3 | cm3 25.7 £ 2.71 22.4 + 2.71 <0.05
RVVd, cm3 | cm3 57.4 £ 2.71 46.5 £ 2.71 <0.05
RVSV, ms | ml 31.7 £ 2.71 24.1+2.71 <0.05
RVEF, % 55.2 £ 271 51.8 £+ 2.71 —
Tei-unpekc / Tei-index 0.58 + 0.04 0.52 + 0.04 <0.05
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3AKIIOYEHUNE

IIpoBezieHHOE HCCIEOBAaHUE IO3BOJIAET Clie-
JIaTh CJIEAYIONINE BBIBOJBI:

1. [Ipu coueTaHHOU OPOHXOOOCTPYKTHUBHOU Ia-
TOJIOTHH, B OTJINYHE OT 601bHBIX ¢ XOBJI, y auti mo-
JKHJIOTO BO3pACTa C apTEPHaJIbHON TUIlepTEeH3UeH
oTMeyvaeTcs 6OJIbIIas CTeleHb BRIPaKeHHOCTH KOH-
IEHTPUYECKON TUIepTPodHUU JIEBOTO JKEJYAOUKa
IIpY TOBBIIIIEHU N €T0 KOHTPAKTUIBHOCTH (2 IMEHHO
IO0AJIBHOU TIPOZIOJIBHOM CHUCTOJUYECKOU CIOCO0-
HOCTH) Ha ()OHE OTCYTCTBHUS OTJIUUHH I10 TUACTOJIU-
YeCcKOU ero QYHKITUY U, B YaCTHOCTH, IIPOJOJIHHOMH.

2. ITpu couetanuu XOBJI u BA, B oTiinuue ot
60s1bHBIX ¢ XOBJI, y JITUIT TOJKUJIOTO BO3PACTa C apTe-
pUaIBHOM THIIEPTEH3HeH OTMedaeTcs O0JIbIIas cTe-
[leHp HapylIeHWUs aKTUBHOTO pacciabjeHus Ipa-
BOTO JKeJIYZI0UKA MPU HOBBIINIEHUN ero GYHKITUU, B
YaCTHOCTH TIJI00aJbHOU IIPOAOJIBHON CHCTOJIHYe-
ckol GyHKIMH, Ha hoHe 60siee BhIpaKEHHOU JIET0Y-
HOH THUIIEPTOHUH.

3. BolsiBiIeHHBIE 0COOEHHOCTU T€MOAWHAMUKU
MaJIoro Kpyra KpoBooOpaineHus U GYHKIIUU Ipa-
BOTO JKeJIyJIoUKa sIBJISIOTCS OCHOBOMW JIJIs1 BhIOOpaA
[IaTOTeHEeTHUYEeCKU ONPABAAHHON Tepaluy, HaIpaB-
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AHHOTAIIUA

Beenenue. OiyBOKCAMUH UCIOJIB3YeTCH IJIA JIeUeHUs NAIUEHTOB C IeIIPECCUBHBIMU PacCTPOHCTBaMU, KOMOP-
OGUIHBIMU C AJIKOTOJIM3MOM, IPUYUEM HeMastasi 0J1s MAIleHTOB JAaHHOU TPYIIIBI He OTBEYAET IOJKHBIM 00pa3oM Ha Tepa-
IIHI0, Y MHOTUX OTMEYAeTCs pa3BUTHE JJ0303aBUCHMbBIX HeKeJlaTeIbHBIX JIEKapPCTBEHHBIX PeakIuii. B panee npoBoiuMBbIX
HCCIIeIOBAHUSAX ITOKA3aHO, YTO B buoTpancdopmaiuu ryBokcamuHa npuHuMaet yuactue CYP3A, aKTHBHOCTh KOTOPOTO
BO MHOT'OM 3aBUCHUT OT IIOJIUMOP(}HU3Ma KOAUPYIOLIETO €T0 FeHa.

Ilens. Usyuuts BrusHue aktuBHOCTH CYP3A Ha mpoduis adbdekTrBHOCTH U 6e30macHOCTH (PIyBOKCAMUHA Y Ia-
[IMEHTOB C PACCTPOHCTBAMH JIETIPECCUBHOTO CIEKTPA, KOMOPOUIHBIMHE € aJIKOTOJIBHON 3aBUCHMOCTBIO.

MaTepuansl U MeTOZBI. Buccie0BaHIN IPUHIMAJIO yIacTHE 96 MY>KIHH C JIETIPECCUBHBIMY PACCTPOHCTBA-
MU, KOMOPOUZIHBIMH € aJIKOTOJIBHOM 3aBUCHMOCTBIO (CpeJHUI BO3pacT — 39.9 + 15.4 T.). Jlis JledeHus TpuMeHsIn (iiy-
BOKCAMUH B 7103€ 125.0 + 50.3 Mr/cyT. IIpoduiib 3 deKTUBHOCTH OLIEHUBAIN C TIOMOIIBIO BAJIMTU3UPOBAHHBIX IICUXOMe-
TPUYECKUX K, TPOGUIb 6€30IaCHOCTh TEPAITUK — IIPU IOMOIIY MEXK/IYHAPOIHOHN BAIMIU3UPOBAHHOH IIIKAJIBI OL[€H-
KU BbIpaKeHHOCTH 1106049HOTO JiericTBrus UKU. 'eHOTUIIMPOBAaHME TTPOBOUIOCHh METO/IOM IIOJIMMEPA3HOU IEITHOUM peak-
U B PEKUMeE peasibHOTO BpeMeHU. AKTUBHOCTh CYP3A olleHUBaIM METOIOM BBICOKO3((HEKTUBHOM JKUIKOCTHON XpO-
MaTorpaduu 1o OTHOIIEHUIO KOHIEHTPAIIUH SH/IOTEHHOT0 cyOcTpara U ero Metabosinuta B Moue (6[-ruapoKCUKOPTH30.1/
KOPTH30J).

PesynbpTaThl. BXoze npoBeseHHOTO aHAIN3A He ObUIN ITOJIyY€eHbI CTATUCTUYECKY 3HAUUMBbIe Pe3y/IbTaThl B IIOKA-
3aTesisx olleHKu abdexTuBHOCTH (6asThI M0 T1Kase HAMD k KoHITy Kypca Tepanuu: reHotutt GG — 4.0 6awa [2.0; 8.0],
resotunn GA — 3.0 6ayuia [1.0; 5.0], p > 0.999) u 6e3onacHoctu (Gasuiel o mkaae UKU: renotun GG — 3.0 Gasuia
[1.0; 5.0], reHoTUn GA — 4.0 6asia [3.0; 4.0], p > 0.999).

Tloctynmia 19.11.2019 Received 19.11.2019

IIpunsara 05.12.2019

*Aemop, omeemcmaeeHHblil 3a NepenucKy

Bacrposkns Muxawi Cepreesid: ['BY3 « MOCKOBCKHMI HAyIHO-IIPAKTUYECKHUI
LEHTP HapKOJIOTHK» JlenapTaMeHTa 3/[paBoOXpaHeHus I. MOCKBEL 109390,
r. Mocksa, yi1. JIto6iuHeKas, 37/1.

E-mail: mszastrozhin@gmail.com

Accepted 05.12.2019

*Corresponding author

Zasrtozhin Mikhail Sergeyevich: Moscow Research and Practical Centre for
Narcology, 37/1, Lublinskaya Str., Moscow, 109390, Russia.

E-mail: mszastrozhin@gmail.com

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

65



doi: 10.31549/2542-1174-2020-1-65-75

Bacmpooscun M.C. u dp. / Journal of Siberian Medical Sciences 1 (2020) 65-75

3akaoueHUe. BuccIe[0BaHNH, TPOBEIEHHOM B TPYIIIIE U3 96 MAI[UEHTOB C IEIPECCUBHBIMU PACCTPOUCTBAMHU,
KOMOPOUAHBIMH C 2JTKOTOJIN3MOM, OBLUIO MTPOJIEMOHCTPUPOBAHO OTCYTCTBHE BIMSHUSA akTHBHOCTH CYP3A Ha nokazarenu
KJIUHUYeCcKoU 3(pdeKTUBHOCTH U 6e3011acHOCTH (BJIyBOKCAMHUHA.

Knaroueswte crosa: diysokcamuH, CYP3A, bapmakorenerrka, 6uorpancdopManys, IepCOHAIN3UPOBAHHAA MEIUIN-
Ha, JlelIpecCUBHBIE PACCTPOUCTBA, AJIKOT0JIbHAA 3aBUCUMOCTD.

ABSTRACT

Introduction. Fluvoxamine is used for treatment of patients with depressive disorders comorbid with alcohol
use disorder while a considerable part of this group does not properly respond to therapy, the development of dose-de-
pendent adverse drug effects is noted in many patients. In early studies it was shown that CYP3A is involved in biotrans-
formation of fluvoxamine the activity of which depends in large part on the encoding gene polymorphism.

Aim of the Research. To study CYP3A activity influence on the efficacy and safety profile of fluvoxamine in
patients with comorbid depressive disorders and alcohol addiction.

Materials and Methods. 96 males with depressive disorders comorbid with alcohol use disorder took part
in the study (average age — 39.9 + 15.4 years). Fluvoxamine at a dose of 125.0 + 50.3 mg a day was used for treatment. The
efficacy profile was estimated by means of the validated psychometric scales, and the therapy safety profile — by means
of the UKU side effects rating scale. Genetic typing was performed by the method of real time PCR . CYP3A activity was
estimated by high performance liquid chromatography based on the ratio of endogenous substrate and its metabolite
concentrations in urine (6-hydroxycortisol/cortisol).

Results and Discussion. In the course of the analysis no statistically significant results were obtained in
terms of the effectiveness assessment (scores on the HAMD scale by the end of therapy: genotype GG — 4.0 scores [2.0;
8.0], genotype GA — 3.0 scores [1.0; 5.0], p > 0.999) and safety assessment (scores on the UKU scale: genotype GG — 3.0

scores [1.0; 5.0], genotype GA — 4.0 scores [3.0; 4.0], p > 0.999).
Conclusion. In a study conducted in a group of 96 patients with depressive disorders comorbid with alcohol
addiction the absence of influence of CYP3A activity on the parameters of clinical efficacy and safety of fluvoxamine was

demonstrated.

Keywords: fluvoxamine, CYP3A, pharmacogenetics, biotransformation, personalized medicine, depressive disorders,

alcohol use disorder.

BBEJAEHUE

JleripeccUBHBIE PACCTPOUCTBA SBJISIOTCS OHU-
MU 13 HanbOoJIee YacTO BCTPEUAIOIIUXCS KOMOPOHU/I-
HBIX PACCTPOUCTB y MAIIUEHTOB C aJIKOTOJIBHOU 3a-
BHUCHUMOCTBIO [1]. AHTHUENpPECCAaHThl MPUMEHSIOT-
¢l JIJ1s1 JIEYeHU I TTAIUEHTOB C JIENTPECCUBHBIMU pac-
crpoiictBamu [2]. [IpencTaBuTEIEM JAHHOU TPYTIIIHI
saBisieTcs GyBokcaMuH [2]. B To ke Bpemsi, HeCMO-
Tpsl HA TO, YTO CEJIEKTHBHbIE WHTHOUTOPHI 0Opart-
HOTO 3axXBaTa CEPOTOHHHA BHECEHBI B PEKOMEHa-
WU TI0 TEPAIIUH PACCTPONCTB JIETTPECCUBHOTO CIIEK-
Tpa, YUCJI0 PE3UCTEHTHBIX MAIIUEHTOB U IMAIIEHTOB
C 710303aBUCUMbBIMH HEXKEJIATEIbHBIMU PEeaKIAIMU
MIPOIOJI?KAET OCTABATHCS BBICOKUM [ 3].

Nzodepment CYP3A4 npuHUMaeT yyactue B
MeTaboJIM3Me MHOTHUX JIEKAPCTB, UCIIOJIb3YEMBIX B
Tepamnuy MalnueHTOB ¢ JePECCUBHBIMH PAaCCTPO-
ctBamu [4]. [Ipu aTom reH, kogupyoimuii CYP3A4,
00J1aziaeT BEICOKOH CTeNeHbIo oJTMMOpdu3Ma, 4To
MOKET IPUBOJAUTD K U3MEHEHUIO aKTUBHOCTH U30-
depmenToB mojicemerictrea CYP3A [5]. 3meHne-
HHUe aKTUBHOCTH BJIMSET HA CKOPOCTH MeTaboJIu3-
Ma KCEHOOHWOTHKOB, B TOM YHCJIE JIEKAaPCTBEHHBIX
cpencts (JIC) — cybeTpaToB, 4TO, B CBOIO OUYEPE/TD,
oTpakaercs Ha UX 3G PEKTUBHOCTU U 6€301acCHO-
cru [6].

INTRODUCTION

Depressive disorders are one of the mostly en-
countered comorbid conditions in alcohol addicted
patients [1]. Antidepressants are used to treat pa-
tients with depressive disorders [2]. A representa-
tive of this group is fluvoxamine [2]. At the same
time, while despite the fact that selective serotonin
reuptake inhibitors are listed in guidelines for the
therapy of depressive disorders, the number of re-
sistant patients and the patients with dose-depen-
dent adverse effects remains high [3].

Isoenzyme CYP3A4 takes part in metabolism
of many drugs used for therapy of patients with
depressive disorders [4]. Meanwhile, the gene en-
coding CYP3A4 has a high degree of polymorphism
which can lead to a change in the activity of isoen-
zymes of CYP3A subfamily [5]. The activity change
influences the xenobiotics metabolism rate includ-
ing medicines (Ms) — substrates, which, in turn, af-
fects their efficacy and safety [6].

Depending on the metabolic rate, 4 groups of
metabolizers are distinguished: “prevailing” (ex-
tensive metabolizers) — with normal metabolic
rate; “slow” (poor metabolizers) — with mutations
in CYP3A4 gene resulting in a significant decrease
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B 3aBHCUMOCTH OT CKOPOCTU MeTaboIM3Ma BhI-
JIEJISIOT 4 TPYIIIBI META00IU3aTOPOB: «PaCIpoOCTpa-
HeHHbIe» (extensive metabolizers) — ¢ HOpMaJIb-
HOH CKOPOCTBIO MeTaboyin3Ma; «MeJJIeHHbIe» (poor
metabolizers) — ¢ myranuamu B reae CYP3A4, npu-
BOJIAIIME K 3HAUNTETHBHOMY CHHUKEHUIO aKTUBHOCTH
KOZIIpyeMOro 6esika U 3aMeIJIeHUI0 CKOPOCTH OUo-
TpaHchOpMaIUH JIEKAPCTB-CYyOCTPATOB, YTO MOKET
VBEJINUYUBATh PUCK Pa3BUTHS HEXKEJIaTeJIbHBIX pe-
akiuit Tuna A; «mpomexkyTouHbie» (intermediate
metabolizers) — ¢ MyTaIrusMH TOJIBKO B OJTHOH U3 T'0O-
MOJIOTHYHBIX XPOMOCOM, UTO CHHKAET aKTUBHOCTH
CYP3A, HO He HACTOJIbKO BBIPAKEHO, KAK Y MeJ[JIEH-
HBIX MeTaboJIu3aToOpOB; «yabTpabbicTphie» (ultra-
rapid metabolizers) — ¢ reHeTUYECKY JIETEPMUHUPO-
BaHHOU BBICOKOH akTUBHOCTHIO CYP3A, 06ycyioBIN-
BaloIel yckopenue saiaumuHanuu JIC-cyberparos u
CHIKEHHE TepaNeBTHYECKON 3 HEKTUBHOCTH [7].

IIEJIb UCCJEJOBAHUS

Ouenuts BausaHue akTuBHOCcTH CYP3A Ha nipo-
dunp sddexTrBHOCTH U Ge30macHOCTH (HIIyBOKCA-
MMHA y NMAIUeHTOB C PACCTPOHCTBAMU JEIPECCUB-
HOTO CIIEKTPa, KOMOPOUIHBIMHU C AJIKOTOJIBHOU 3a-
BUCUMOCTBIO.

MATEPHAJIBI 1 METO/ABbI

Kaunuveckas xapaxmepucmuka ucnuimyembix.
B uccirezioBaHUM MPUHSINA ydyacTre 96 HalHeHTOB
MY?KCKOTO 110J1a (CpeZIHUH BO3pacT — 39.95 + 15.4 T.).
Kputepuu BK/IOUEHUSA B HCCIIEIOBAHHE: YCTAHOB-
JIEHHBIH MArHO3 JEMPECCUBHOTO 3Mu307Aa (Koz 1o
MKB-10 — F32), a Tak:ke Hajauuue KOMOPOUTHOTO
[ICUXUYECKOTO MJIM MMOBEAEHYECKOIO PACCTPOMCTRA,
BBI3BAHHOT'O YTOTPeOJIeHHEeM ajKoroys (KOxm IIo
MKB-10 — F.10.2.); Hainuue IOAIIUCAHHOTO HHDOP-
MHPOBAHHOTO COTJIACHS; Tepanus (GpIyBOKCAMUHOM
(125.0 + 50.3 MT/CyT), IVTUTETHLHOCTHIO 16 AHEH. Kpu-
TEPUU UCKJIIOUEHUS: HAJTUUHE APYTUX ICUXUIECKHUX
PacCTPOMCTB, a TAKIKE BhIPAKEHHBIX COMATHUECKHUX
paccTpOUCTB (3a HMCKJIIOUEHUWEM AaJIKOTOJIBHOTO Te-
IaTUTa U TOKCHYECKOH 3HIedasonaTnu); mpume-
HEHUe B TepalllM HWHBIX IICUXOTPOITHBIX IIpernapa-
TOB; KJIUPEHC KpeaTHHUHA < 50 MJI/MUH, KOHIIeH-
Tpalys KpeaTUHWHA B IJIa3Me KPOBH > 1.5 MTI/IJ
(133 MKMOJIB/JT); Macca TeJsia MeHee 60 KT uiiu 0oJiee
100 KT; BO3pacT 75 JieT u 60Jiee; HaJIn4yue IMPOTUBO-
MMOKa3aHUH K Ha3HauUeHUuI0 (PIyBOKCaMUHA.

Ouenka sagpgpexmusHocmu u 6ezonacHocmu me-
panuu @paysoxcamurom. IIpodunb s3ddexTUBHO-
ctu GJIYBOKCAMUHA OIEHUBAJIM C TOMOIIBIO MEXK-
JIYHAPOAHBIX IICUXOMETPUYECKUX IIKax: IleH-
CUJIBBAHCKOU IITKAJIbI MATOJIOTUYECKOTO BJIEUEHUS
(Pennsylvania Alcohol Craving Scale — PACS) [8],
BusyasibHO-aHAJIOTOBOM IIIKAJIBI OIEHKH BJede-

in the encoded protein activity and decelerate bio-
transformation of medicines-substrates which can
increase the risk of type A adverse reactions; “inter-
mediate” (intermediate metabolizers) — with muta-
tions only in one of the homologous chromosomes
which reduces the CYP3A activity but not so appar-
ently as in poor metabolizers; “ultra-rapid metabo-
lizers” — with genetically determined high CYP3A
activity causing the acceleration of eliminating Ms-
substrates and decrease in therapeutic efficacy [7].

AIM OF THE RESEARCH

To estimate the CYP3A activity influence on
the fluvoxamine efficacy and safety profile in pa-
tients with depressive disorders with comorbid al-
cohol dependence.

MATERIALS AND METHODS

Clinical characteristics of the subjects.
96 males took part in the study (average age —
39.9 + 15.4 years). Criteria for inclusion in the study
were as follows: diagnosed depressive episode
(ICD-10 code — F32), also the presence of comorbid
psychotic or behavioral disorder caused by alcohol
consumption (ICD-10 code — F.10.2.); availabil-
ity of the signed informative consent; fluvoxamine
therapy (125.0 + 50.3 mg a day) for 16 days. The
criteria for exclusion were as follows: presence of
other psychotic disorders, also apparent somatic
disorders (except for alcoholic hepatitis and toxic
encephalopathy); administration of other psycho-
tropic drugs during therapy; creatinine clearance
< 50 ml/min, creatinine concentration in blood
plasma > 1.5 mg/dl (133 umol/l); body mass less
than 60 kg or more than 100 kg; age 75 years and
more; presence of contraindications for fluvo-
xamine administration.

The evaluation of the efficacy and safety of
fluvoxamine therapy. The profile of fluvoxamine
efficacy was estimated by means of international
psychometric scales: Pennsylvania Alcohol Crav-
ing Scale — PACS [8], Visual Analogue Scale (VAS)
for alcohol craving, Clinical Global Impressions
Scale — CGI [9], Hospital Anxiety and Depression
Scale — HADS [10], the Hamilton Rating Scale for
Depression (HamD) [11]. The safety profile was es-
timated by means of the UKU Side Effect Rating
Scale (UKU) [12]. The examination of patients was
performed on the 1%, 9™ and 16" days of therapy
that included fluvoxamine.

Genetic typing. To perform the genetic typing
the venous blood samples were collected in vacuum
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HuA K ankoroio (BAIID), IIkassl 0OILIEro KJIMHU-
yeckoro BrevarieHus (Clinical Global Impressions
Scale — CGI) [9], TocnmuTaAbHOM IIKAJIBl TPEBO-
ru u jenpeccun (Hospital Anxiety and Depression
Scale — HADS) [10], Ikaner genpeccun Famusib-
toHa (HamD) [11]. IIpoduis Ge3omacHOCTH ompese-
JISLJIA C TIOMOIIBIO IIIKAJIBI OLIEHKU BBIPAKEHHOCTH
mobounoro gedictBus JIC (UKU Side Effect Rating
Scale — UKU) [12]. UccenoBaHue AaueHTOB IPO-
BOJIMJIN HA 1-U, Q-1 U 16-1 JIeHb TepaIny, BKIIFOUaB-
el GJIyBOKCAMHUH.

T'enomunuposaHue. [Insa mpoBefeHUSA T€HOTU-
MUPOBAHUS KCIOJIb30BAJH BEHO3HYI KPOBb, CO-
OpaHHYI0 Ha 16-€ CYTKH IIOCJIe Hadajia IpuMe-
HeHUsT (JIYBOKCAMHHA B BaKyyMHBbIE MPOOUPKU
VACUETTE® (Greiner Bio-One, ABerpusi). s omrpe-
JleJIeHU s OTHOHYKJIEOTH/THBIX T€HETUYECKUX TIOJIHU-
MopdusmoB (SNP’s) 99366316G>A rena CYP3A4
(rs35599367) npumeHnsiicsa meton I[P B peasibHOM
Bpemenn Ha JIHK-ammiudukaropax DTlite xom-
mauun «JIHK-Texnosnorus» (Poccust) u Real-Time
CFX96 Touch ¢ ITO CFX Manager xommnanuu Bio-
Rad (CIIA) ¢ ma6opamu «SNP-Cxpun» 3A0 «Cun-
tos1» (Poccusi). B kaxmpom Habope «SNP-Ckpun» uc-
[I0JIb30BAJIOCH JIBA AJLJIEJIb-CHEIUMUUHBIX 30H/A,
KOTOPBIE IT03BOJIAJIN Pa3/IeJIbHO ONPEEIATh CPasy
JIBa aJLJIeJIs UCCIJIEyeMOTO MOIUMOpdU3Ma Ha JIBYX
KaHaJsax GayopecleHIui.

®eHomunuposarue. AxktuBHocTh CYP3A orieHu-
BaJI1 METOAOM BBICOKOI(PDEKTUBHON KUJKOCTHOU
xpomarorpaduu ¢ Macc-CIIEKTPOMETPUEH 10 OTHO-
IIEHUI0 KOHIIEHTPALIUH SHIOTEHHOTO CYyOCTpaTa 1 ero
MeTtabosiuTa B Moue (6-6eTa-TUIpOKCUKOPTHU30JI/KOP-
THU30JI) — OTHOIIEeHHe 6-6eTa-THPOKCUKOPTH30J1/
koptu30ii (63-I'K/K) [13—15]. Pe3ysibTarhl OlleHKH aK-
tuBHOCTU CYP3A npescTaBiieHbl B YCJIOBHBIX €JUHU-
ax.

JloxanvHolil smuueckuil komumem. Viccienosa-
HUe OBbLIO 0/T0OPEHO JIOKATHHBIM STUUYECKUM KOMHU-
TeToM PoCCHIICKON MEIUITMHCKOUN aKaIeMUH HEIpe-
PBIBHOTO IIpodeccHoHaIbHOrO 00pa3oBaHus MuH-
3apasa Poccun (mpoTokos N2 6 ot 16.05.2017).

Cmamucmuueckuil aHaU3 Pe3yJIbTATOB KCCIIe-
JIOBaHWA HPOBOJWJIA METOJAaMH HellapameTpuye-
CKOU CTATUCTHKU C TIOMOIIBI0 MTAKETa MTPUKJIATHBIX
nporpamm StatSoft Statistica 10.0 (Dell Statistica,
Tulsa, OK, the USA). IIpu Bb160pE MeTO/Ia YUUTHIBATIN
HOPMAJIBHOCTB pacIpeiesIeHUsI BBIOOPOK, KOTOPYIO
oneHuBanu ¢ nomoinpo W-tecra llanupo — Yui-
Ka. Paziuuusa cuuTany CTaTUCTUYECKU 3HAYUMbBIMU
pH P < 0.05 (I[P CTATHUCTUYECKON MOIIHOCTH CBBI-
mie 80 %). 111 cpaBHEHUS IByX BbIODOPOK HEITPEPHIB-
HbIX HE3aBHCUMBIX JIAHHBIX HCIIOJIb30BaIu U-TecT
ManHa — YWTHH, YYUTHIBAIOIIUN HEHOPMAaJIbHBIN

tubes VACUETTE® (Greiner Bio-One, Austria) on
the 16™ day after the start of fluvoxamine treatment.
To identify 99366316G>A single-nucleotide poly-
morphisms (SNP’s) of CYP3A4 (rs35599367) gene
the method of PCR in real time was applied on DTlite
DNA-amplifiers manufactured by DNA-Technology
(Russia) and CFX96 Touch Real-Time System with
CFX Manager software manufactured by Bio-Rad
Laboratories Inc. (the USA) with SNP-Screen kits by
Sintol (Russia). In each SNP-Screen Kkit, two allele-
specific probes were used, which allowed to sepa-
rately determine two alleles of the studied polymor-
phism at a time on two fluorescence channels.

Phenotyping. CYP3A activity was evaluated
by high performance liquid chromatography with
mass-spectrometry according to the concentration
ratio of endogenous substrate and its metabolite
in urine (6B-hydroxycortisol/cortisol) — the ratio
of 6B-hydroxycortisol/cortisol (63-HC/C) [13-15].
The results of the CYP3A activity assessment are
presented in arbitrary units (a.u.).

Local Ethics Committee. The research was ap-
proved by Local Ethics Committee of Russian Med-
ical Academy of Continuous Professional Education
(Moscow) (Protocol No. 6 of May 16, 2017).

Statistical analysis of the results was per-
formed by methods, of non-parametric statistics
using a package of application programs StatSoft
Statistica 10.0 (Dell Statistica, Tulsa, OK, the USA).
When choosing the method, we took into account
the normality of distribution of samplings estimat-
ed by means of Shapiro-Wilk’s W test. Differences
were considered statistically significant at p < 0.05
(at statistical power over 80%). To compare two
samplings of continuous independent evidence
Mann-Whitney U-test giving consideration the ir-
regular distribution of data was used with the fur-
ther correction of the value obtained by means of
the multiple comparison test. Several samplings of
continuous independent evidence were analyzed by
means of Kruskal-Wallis H-test. Correlation analy-
sis was carried out by means of non-parametric
Spearman test which takes into account the abnor-
mal distribution of samplings. The findings in our
research work are presented as medians and inter-
quartile range (Me [Q ; QS]), or, in case of normal
data distribution, as arithmetic mean and standard
deviation (Mean + SD).

RESULTS AND DISCUSSION

Based on the results of CYP3A4 genotyping
using 99366316G>A (rs35599367) polymorphic
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XapaKTep pacIpe/ieJIeHUs TaHHBIX, C JTaJIbHEHIIEH
KOPpEKI[Mell TOJyUYeHHBIX 3HAUYeHWH C ITOMOIIIBIO
MIPOIEAYPhl MHOKECTBEHHOTO cpaBHeHUs1. Heckosib-
KO BBIOOPOK JIAHHBIX HEITPEPHIBHOTO THIIA aHAIN3H-
poBasu ¢ nomoiibio H-tecta Kpackesna — Yosuuca.
KoppeAIuoHHbIi aHAI|U3 TPOBOUIICS C ITOMOIIBIO
HemapaMeTpuyeckoro tecta CupmMeHa, yYUThIBaO-
II[Er0 HEHOPMAJIBHBIHM XapaKTepP paclpe/ie/IeHusI Bbl-
6opok. JlaHHbIe B paboTe TIpe/ICTABIEHBI B BUJIE Me-
JIMaHbl ¥ MHTEPKBAPTUJIbHOTO pasmaxa (Me [Q ; QS])
160, B cilyyae HOpMaJIbHOT'O XapaKTepa UX pacipe-
JleJIeHUsl, — B BUJIE CPEIHEr0 apu(pPMeTHIYECKOTO U
CTaHIApPTHOTO OTKJIOHeHUs (Mean + SD).

PE3YJIDBTATBI N OBCYXKJIEHUE

Ilo pesynpraTam resorunupoBanus CYP3A4 no
mosiuMopdHOMY MapKepy 99366316G>A (rs35599367)
V 96 UCTIBITYEMBIX OBLITU TIOJTYYEHBI CIIEIYIONITE JTaH-
HBIE:

— KOJIMYECTBO MAIMEHTOB, SIBJISIONUXCA HOCU-
tensamu reroruiia GG — 85 (88.5 %);

— KOJIMYECTBO MAIUEHTOB, SIBJISIONUXCS HOCH-
TeasaMmu resotumna GA — 11 (11.5 %);

— TAITUEHTOB C TeHOTUIIOM AA 0OHapy’KeHO He
OBLIIO.

PacripeniesieHre TE€HOTHUIIOB COOTBETCTBOBAJIO
3akoHy Xapau — BaiinGepra /iyis1 eBpOIelicKoi mo-
nysnsnuu (* = 0.35, p = 0.55).

Pe3ysipraThl OIEHKU JAAHHBIX II0 IICUXOMETPH-
yeckuM 1mkaaam (PACS, BAII, CGI, HADS, HamD)
U 1IKase orneHku nobounoro aercreusa JIC (UKU) y
MMAIUEeHTOB, IOJIYyYaBIIUX (PIyBOKCAMUH, Ha 1-1, Q-1
U 16-1i THU UCCIIeIOBAHUS TIPECTaBIEHbI B Ta0JI. 1.

JluHaMuKa W3MeHeHus 0aJlJIoB II0 IIKaJaM
HamD u UKU y nmanueHTOB C pasHbIMHU TI'€HOTU-
maMu mpejcTaBiieHa Ha puc. 1. ITo mkame HamD k
1-My JHIO WCCJIEZIOBAHUS HE BBISABJIEHO CTATHCTH-
YeCKU 3HAYMMbBIX PA3IUYUi M0 U3y4aeMOMYy ITOJIH-
MopdHOMY Mapkepy: GG — 23.0 6asna [22.0; 24.0],
GA — 23.0 6aJ1a [22.0; 23.0], p > 0.999. K 9-My 1HIO
HCCIIEZIOBAHUA, TaK JKe KaK U B 1-U JIeHb, IPOI0JIKa-
JI0O HaOJIOAAThCS OTCYTCTBHUE CTATUCTUYECKU 3Ha-
YUMOU Pa3HUIIBl Y HOCUTEJIEH Pa3HBIX M€HOTHUIIOB:
GG — 15.0 6as1a [13.0; 16.0], GA — 15.0 6aJsia [13.0;
16.5], p > 0.999. B mocneauuii 16-# /1eHb UCcIen0Ba-
HHsI CTATHUCTHYECKON PA3HUIIBI ITOJTyYeHO He ObLIIO:
GG — 4.0 6asna [2.0; 8.0], GA — 3.0 6as1a [1.0; 5.0],
p > 0.999. ITo APYyrUM IICUXOMETPUUECKUM IITKaIaM
ObLy1a TIOJIyYeHa aHAJIOTUYHAS IMHAMHUKA B U3MeEHe-
HUM 6aJ1J10B, YTO U o mkasse HamD.

ITo mkasie UKU B 1-1i feHDb UCCIeI0BAHUSA OaJl-
JIbI CTATUCTUYECKH 3HAYUMO HE OTJIMYAJIUCh Y HO-
cuTesiell pa3HbIX reHOTUIOB: GG — 1.0 6asia [0.0;
1.0], GA — 1.0 6asta [0.0; 1.5], p > 0.999. K 9-my

marker, the following findings were obtained in 96
subjects:

— number of patients with genotype GG —
85 (88.5%);

— number of patients with genotype GA —
11 (11.5%);

— patients with AA genotype were not found.

The distribution of genotypes corresponded
to Hardy-Weinberg law for European population
(x* = 0.35, p = 0.55).

The results of data analysis performed on psy-
chometric scales (PACS, AVS, CGI, HADS, HamD)
and the UKU side effect rating scale in patients tak-
ing fluvoxamine on the 1, 9" and 16" days of the
research are presented in Table 1.

The dynamics of change in scores on the
HamD and the UKU scales in patients with dif-
ferent genotypes is presented in the Fig. 1. On the
HamD scale by the 1°* day of the study there were
no statistically significant differences revealed
by the studied polymorphic marker: GG — 23.0
scores [22.0; 24.0], GA — 23.0 scores [22.0; 23.0],
p > 0.999. By the 9t day of the research, as on
the 1%t day, no statistically significant difference
in carriers of different genotypes was observed:
GG — 15.0 scores [13.0; 16.0], GA — 15.0 scores
[13.0; 16.5], p > 0.999. On the last 16™ day of the
research statistically significant difference had
not been obtained: GG — 4.0 scores [2.0; 8.0],
GA — 3.0 scores [1.0; 5.0], p > 0.999. On the other
psychometric scales the analogous trends in scores
as on the HamD scale were obtained.

On the UKU scale on the 1t day of the study
there was no statistically significant differ-
ence in scores in carriers of different genotypes:
GG — 1.0 scores [0.0; 1.0], GA — 1.0 scores [0.0;
1.5], p > 0.999. By the 9" day of the study there
was no statistically significant difference either:
GG — 2.0 scores [1.0; 3.0], GA — 2.0 scores [1.0;
2.0], p > 0.999. Statistically significant difference
had not been obtained on the 16" day of the re-
search as well: GG — 3.0 scores [1.0; 5.0], GA — 4.0
scores [3.0; 4.0], p > 0.999.

The study of 99366316G>A polymorphism in-
fluence of CYP3A4 (rs35599367) gene on the ac-
tivity of encoded isoenzyme assessed by means
of the 6B-hydroxycortisol/cortisol metabolic ratio
demonstrated the presence of statistically signifi-
cant difference in values of this parameter in pa-
tients with different genotypes: GG — 4.32 (a.u.)
[3.05; 6.37], GA — 2.64 a.u. [1.84; 3.83], p = 0.004
(Table 2, Fig. 2).
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TaGauna 1. JlaHHbIE OIIEHKH 10 ICUXOMETPHYECKUM IIIKaJIaM U IIKaJie OlleHKH mo60ouHoro Aeiictus JIC y nanueHTos,
osTy4JaBIIux GJIyBOKCAMUH, HA 1-H, 9-1 U 16-H JJHU UCCJIe/IOBAaHU A, OAJIIbI
Table 1. The results of psychometric scales and the UKU side effect rating scale data analysis in patients who received

fluvoxamine, on the 1%, 9™ and 16" days of the research, scores

IlTkana / Scale GG GA p
Jlenv 1 / Day 1
PACS 11.0 [10.0; 11.0] 12.0 [11.0; 13.0] >0.999
BAIII / VAS 53.0 [49.0; 58.0] 49.0 [46.0; 54.5] >0.999
CGI 5.0 [5.0; 5.0] 5.0 [4.5; 5.5] >0.999
HADS 36.0 [32.0; 41.0] 36.0 [31.0; 39.5] >0.999
HamD 23.0 [22.0; 24.0] 23.0 [22.0; 23.0] >0.999
UKU 1.0 [0.0; 1.0] 1.0 [0.0; 1.5] >0.999
/lenv 9 / Day 9
PACS 7.0 [6.0; 8.0] 7.0 [6.0; 8.0] >0.999
BAIII / VAS 30.0 [25.0; 36.0] 32.0 [27.5; 37.0] >0.999
CGI 3.0 [2.0; 4.0] 3.0[3.0; 4.0] >0.999
HADS 24.0 [21.0; 28.0] 22.0 [17.5; 23.5] >0.999
HamD 15.0 [13.0; 16.0] 15.0 [13.0; 16.5] >0.999
UKU 2.0 [1.0; 3.0] 2.0 [1.0; 2.0] >0.999
Jlenv 16 / Day 16
PACS 2.0 [1.0; 4.0] 3.0 [2.0; 4.0] >0.999
BAIII / VAS 10.0 [4.0; 16.0] 13.0 [8.5; 23.5] >0.999
CGI 2.0 [1.0; 3.0] 1.0 [0.5; 1.0] >0.999
HADS 4.0 [2.0; 6.0] 6.0 [1.5; 6.5] >0.999
HamD 4.0 [2.0; 8.0] 3.0 [1.0; 5.0] >0,999
UKU 3.0 [1.0; 5.0] 4.0 [3.0; 4.0] >0.999
HamD UKU
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Fig. 1. Dynamics in scores on the HamD and the UKU scales in patients with different genotypes by 99366316G>A

Jlenb uccienosanus / Day of research

Puc. 1. I3menenue 6asutoB 1o mkanaM HamD u UKU y nanueHToB ¢ pa3HbIMU

TeHOTHUIIAMH I10 TOJTUMOMPHOMY Mapkepy 99366316G>A rena CYP3A4 (rs35599367)

(CI/IHHH U KpaCHasdA JIMHUU COCAUHAIOT ME€IUaHbl B pa3HbI€ JTHU HCCJIeZ[OBaHI/IH)

polymorphic marker of CYP3A4 (rs35599367) gene (blue and red lines join the medians of different days)
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Ta6auna 2. 3HaueHus koptusosa, 6p-I'K u ornomenus 63-I'K/K y mariueHToB ¢ pa3HbIMHU F€HOTHIIAMHU
Table 2. Cortisol and 63-HC values and the 63-HC/C ratio in patients with different genotypes

ITokazaresb / Parameter GG

6B-TK/K (ycu. en.) / 6B-HC/C (a.u.)
Koprusou (ur/mi) / Cortisol (ng/ml)
6B-T'K (ur/mu) / 6B-HC (ng/ml)

4.32[3.05; 6.37]
601.29 [431.46; 818.94]
2541.75 [1904.36; 4106.66]

GA p

2.64 [1.84; 3.83] 0.004
572.01[424.68; 719.13] 0.479
1522.70 [966.51; 2652.38] 0.011

JTHIO TaK’Ke He ObIJIO CTATUCTUYECKU 3HAUNMOU pas-
aunel: GG — 2.0 6asia [1.0; 3.0], GA — 2.0 6aia
[1.0; 2.0], p > 0.999. CTaTHCTUUECKU 3HAUNMAS Pa3-
HUIA He Oblja TOJIyueHa W Ha 16-U JIeHb Tepaluu:
GG — 3.0 6aJsna [1.0; 5.0], GA — 4.0 6as1a [3.0; 4.0],
b > 0.999.

N3zyueHne BJIUSTHUS royimMoppusma
99366316G>A rena CYP3A4 (rs35599367) Ha ak-
THUBHOCTh KOJIMPyeMOTo Hu30(depMeHTa, OIeHEeH-
HYI0 C IIOMOIIbI0 MeTab0JUYECKOTO OTHOIIEHUS
6[B-TUAPOKCHKOPTH30JI/KOPTU30JI, IIOKAa3aJi0 Ha-
JIMYME CTaTUCTUYECKH 3HAYMMON Pa3HUIIbI B 3HA-
YEeHUSIX JAaHHOTO I0Ka3aTeJsis y MalueHTOB ¢ pas-
HbIMH TeHoTHIamMu: GG — 4.32 yci. exn. [3.05;
6.37], GA — 2.64 yca. en. [1.84; 3.83], p = 0.004
(Tabu. 2, puc. 2).

Ha pwuc. 3 mpejacraBieHa KOppeJAIMOHHAS
CBA3b MEX/Iy PasHHIEd B KOJIUUYECTBE OAJLJIOB IO
mkasie HamD wu aktuBHocThio CYP3A, oleHeH-

Fig. 3 shows the correlation between the differ-
ence in score number on the HamD scaleand CYP3A
activity estimated using the 6B-hydroxycortisol/
cortisol metabolic ratio. The calculation of the
Spearman correlation coefficient (rs) demon-
strated the presence of statistically nonsignifi-
cant inverse correlation of low power between the
fluvoxamine efficacy profile and CYP3A activity
(rs = —0.039, p = 0.706). The analysis of correla-
tion between difference in score number on the
UKU scale and CYP3A activity estimated using the
6[-hydroxycortisol/cortisol metabolic ratio dem-
onstrated the presence of inverse correlation. But
at the same time, as in the case with the results
obtained when analyzing the correlation with the
efficacy parameter the correlation coefficient was
statistically nonsignificant (rs = —0.011, p = 0.919)
(see Fig. 3).
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Puc. 2. Pazuuna B nokasarese aktuBHocTr CYP3A, OIleHEHHOH € ITOMOIIBbI0 MeTaboIMUECKOTO OTHOIIIEHNSI ¥ TAI[UEHTOB
C pa3HbIMU T€HOTHIIAaMU 110 TToJTUMOpdHOMY Mapkepy 99366316G>A rena CYP3A4 (rs35599367)
Fig. 2. Difference in CYP3A activity parameter estimated by means of the metabolic ratio in patients with different
genotypes by 99366316G>A polymorphic marker of CYP3A44 (rs35599367) gene
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Puc. 3. Casp aktuBHocTi CYP3A, OIIeHEHHOH C ITOMOIIHI0 META00IMYECKOTO OTHOIIIEH U
6B-T'K/K, ¢ pa3uureii B koaudecTBe 6au10B 1o mkazam HAMD u UKU y maiueHTOB ¢ JIenpecCUBHBIMU PacCTPOMCTBAMH,
KOMOPOW/THBIMH C aJIKOTOJIBHOHM 3aBUCUMOCTHIO (KPYTOBbIE CHHUE JIMHUU — HauboJiee CKOHIIEHTPUPOBAaHHbIE OOBEKTHI
(o1eHKa y/1aJIEeHHOCTH IIPOBE/ieHa METO/IOM HaUMEHBIITNX KBaZIpaToOB); (GHOJIETOBbIE TOPH30HTAIbHbIE INHUU —
rpaduueckoe 0ToOpakeHe YpaBHEHUS IMHEHHOU PErPECCUi)

Fig. 3. The correlation between CYP3A activity estimated by means of the 63-HC/C metabolic ratio and difference in
scores on the HAMD and the UKU scales in patients with comorbid depressive disorders and alcohol use disorder (blue
curved lines — the most concentrated objects (remoteness was estimated by the method of least squares); violet hori-
zontal lines — graphical presentation of linear regression equation)

HOH C TOMOIIBI0 MeTabOJINUYEeCKOTO OTHOIIEHUS
6[-ruIPOKCUKOPTH30JI/KOpTH30JI. PacueT koaddu-
nueHrta xoppendnuu CrnupmeHna (rs) mokasay Ha-
JIUYMe CTaTUCTUYECKU HEe3HAUYMMOUN 00paTHOM Kop-
pensuu cy1aboi cuitbl MeXxy podusieMm saddek-
TUBHOCTU (JIyBOKCAMHHA U aKTHUBHOCTHIO CYP3A
(rs = —0.039, p = 0.706). AHaJIN3 CBSI3U MEXK/Y pas-
HUIeH B KosndecTse 6asioB o mkage UKU u ak-
tuBHOCTHIO CYP3A, olleHEHHOU ¢ IOMOIIbI0 MeTabo-
JINYECKOTO OTHOIIIEHUS 6-0eTa-TUAPOKCUKOPTU30JI/
KOPTH30JI, TIOKa3aJl HaJuure OoOpaTHOU KOppeJis-
nuu. Ho mpu 5TOM, Kak U B cjIydae C pe3yJbTaTa-
MU, TIOJIyY€HHBIMU IIPU aHAJIN3€ CBS3U C TIOKa3aTe-
neM 3(pdexTuBHOCTH, KOIPIUITUEHT KOPPEJIAIUU
ObLJI CTAaTHCTUYECKUM HE3HAYUMBIM (s = —0.011,
p = 0.919) (puc. 3).

CratucTuyecKkuii aHaju3 MJAaHHBIX MNpPodu-
JIs KJIMHUYECKOH 3(PpDeKTUBHOCTH U 6€30I1aCHOCTH
(byBOKCAaMUHA Y TAIUEHTOB C PAa3HBIMU M'€HOTHIIA-
MU 110 nosiuMopdHOMY Mapkepy 99366316G>A rena
CYP3A4 (rs35599367) moKasaj OTCYTCTBUE CTATH-
CTUYECKH 3HAYUMBIX Pa3Induii (p > 0.999). ITO MO-
JKET TOBOPUTH O TOM, YTO JAHHBIN MOJIUMOP(QHBIN
MapKep He OKa3bIBaeT BJIUSAHUSA HA KINHUYECKYIO
53¢ GeKTUBHOCTS U 6€30MaCHOCTD TEPAIUU MaIlHeH-
TOB U3y4aeMOU IPYTIIIHI.

Statistical analysis of data on the clinical effica-
cy and safety profile of fluvoxamine in patients with
different genotypes by polymorphic 99366316G>A
marker of CYP3A4 (rs35599367) gene demonstrat-
ed the absence of statistically significant differenc-
es (p > 0.999). This may evidence the absence of
the influence of this polymorphic marker on clini-
cal efficacy and safety of therapy in patients of the
studied group.

Analyzing the correlation between the clinical
efficacy profile of fluvoxamine therapy (score dy-
namics on the HamD scale) and the safety profile
(score dynamics on the UKU scale), and CYP3A ac-
tivity estimated by the metabolic 63-HC/C ratio we
did notreveal statistically significant association be-
tween these parameters (rs = —0.039, p = 0.706 and
rs = —0.011, p = 0.919 respectively). Interestingly,
the assessment of results of pharmacometabolomic
research, namely the comparison of CYP3A activity
estimated by means of metabolic 63-HC/C ratio in
patients with different genotypes by polymorphic
99366316G>A marker of CYP3A4 (rs35599367)
gene, demonstrated the presence of statistically
significant difference in values of this parameter
(p = 0.004), i.e., the results of this study once more
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AHaNuM3upys CBSA3b MeEXAy HpoduIeM KJIU-
HU4Yeckod 3ddekTuBHOCTH Tepanuu ¢IIyBOKca-
muHoM (muHaMuKa 6asiioB mo mkajae HamD) u
npodusem 6eszomacHocTH (AUHAMHUKA 0AJIJIOB IO
mxkage UKU) m axtusnoctbio CYP3A, oneHeH-
HOU MO MeTaboJIMYecKOMy OTHOIIEeHUI0 6-0eTa-
TUAPOKCUKOPTHU30JI/KOPTU30J, MBI HE BBISBHIIHN
CTAaTUCTUUECKU B3HAYMMOHN accolHaInuy MeX/1y
JIAHHBIMU IOKa3aTejasaMu (s = —0.039, p = 0.706
U s = —0.011, p = 0.919 COOTBETCTBEHHO). HTE-
PECHO OTMETHUTD, UTO U3yUEeHHE Pe3yIbTaTOB dap-
MaKOMeTab0JIOMHOTO HCCJIEIOBAHMS, 8 KOHKPETHO
comocTaByieHHe mokasaTessa akTuBHocTu CYP3A,
OIIEHEHHOTO C MOMOIIbI0 MeTab0JIUUECKOTO OTHO-
menus 63-I'K/K y manueHToOB ¢ pa3HBIMU T€HOTHU-
aMu Io nojuMopdHOMYy Mapkepy 99366316G>A
reda CYP3A4 (rs35599367), mokasajio HaJIAdue
CTAaTUCTUYECKU 3HAYUMON pa3HHUIIbI B 3HAYEHUAX
JIAHHOTO ToKaszaress (p = 0.004), T. e. pe3ysbTa-
TBI JAHHOTO HUCCJIEJOBAHUS €Ille Pa3 MOATBEPKIAa-
0T BO3MOXXHOCTD UCII0JIb30BAHU A IAHHOTO MapKe-
pa aiis ouenku aktTuBHOCTU CYP3A.

Takum obOpa3oM, UCXOAs U3 IOJyYEHHBIX pe-
3yJIBTATOB O TOM, UTO TOJIUMOP(PU3M 99366316G>A
rena CYP3A4 (rs35599367) He OKa3bIBAE€T BJIMSTHUS
Ha 3(pdexTrBHOCTh U 6€30IaCHOCTD Tepanuu Gy-
BOKCAMHMHOM y HAIIUEHTOB C JIEIPECCUBHBIMH pac-
CTpoMcTBaMH, KOMOPOUTHBIMU C aJIKOTOJIBHOH 3a-
BUCHUMOCTBIO, BO3MOXKHO IMPEIOI0XKUTh, YTO IIe-
pen HazHaueHUeM (JIyBOKCAMHUHA MAI[UeHTaM /IaH-
HOU KaTeropuH YUHTHIBATH PE3YJIBTAThl T€HOTUITH-
PpOBaHUA MO JIOKycaM JIAHHOTO TeHa He HYKHO. B To
JKe BpeMsI IIPU Ha3HaueHU U (JIyBOKCAMHHA HEOOXO-
JIIMO TIPUHUMAaTh BO BHUMAaHUE MOJTUMOPGU3M T'eHa
CYP2D6, Tak Kak MOKa3aHO, UTO OH MOXKET OKa3bI-
BaTh BIUSHUE HA MPODIb 3dPeKTUBHOCTH U 6e3-
onacHOCTH (hJIYBOKCAMHHA Y TTAI[UEHTOB JJAHHOU Ka-
Teropuu [16, 17].

3AK/TIOYEHUE

B ucciieioBanmy, IpoOBEJIEHHOM B TPYIIIE U3 96
MMAIMEHTOB C JIETIPECCUBHBIMU PACCTPOUCTBAMU, KO-
MOPOUHBIMU C aJIKOTOJIBHON 3aBUCUMOCTBIO, OBLIIO
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confirm the applicability of this marker for the
CYP3A activity estimation.

Thus, based on the obtained results of
99366316G>A  polymorphism of CYP3A4
(rs35599367) gene not influencing the efficacy and
safety of fluvoxamine therapy in patients with co-
morbid depressive disorders and alcohol depen-
dence we may assume that there is no need to take
into account the results of genetic typing by locus
of this gene before fluvoxamine administration
to the patients of this category. At the same time,
when administering the fluvoxamine, it is essential
to take into account the polymorphism of CYP2D6
gene since it has been shown to influence the effica-
cy and safety profile of fluvoxamine in the patients
of this category [16, 17].

CONCLUSION

In the study conducted in the group of 96 pa-
tients with comorbid depressive disorders and alco-
hol use disorder the absence of influence of CYP3A
activity on the parameters of fluvoxamine efficacy
and safety profile was demonstrated.
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IIPOJIEMOHCTPUPOBAHO OTCYTCTBUE BIUSHUS aKTHB-
Hoctu CYP3A Ha mokazatesnu npoduis 3¢ @eKkTus-
HOCTH U 6e30omacHOCTH (JIyBOKCAMHUHA.

Hcrounuk ¢puHaHCHUPOBaHUsA. lcceienoBa-
HUe BBIIIOJTHEHO 32 CUeT rpaHTa Poccuiickoro Hayd-
Horo ¢onaa (mpoekT N 18-75-10073).

KoH}IUKT MHTEPECOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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CBEJIEHUA Ob ABTOPAX

3acrpo:xuH Muxaus CepreeBud — KaH/I. MeJl. HayK,
PYKOBOAUTENb Ja00paTOPHUU TeHeTUKH U dyHzAa-
MeHTaJIbHBbIX wuccaegoBanuii I'BY3 «MockoBckuii
HayYHO-IIPAKTUYECKUU [IEHTP HapkoJsioruw» Jlemap-
TaMeHTa 3/IpaBoOXpaHeHus I. MOCKBBI; IOLIeHT Kade-
npbl Hapkosoruu ®IBOY JIIO «Poccuiickas menu-
[IIMHCKasA aKaJileMUs HeIIPePhIBHOTO IIpodeccruoHalb-
Horo obpa3oBanusi» Munaapasa Poccuu (MockBa).

CmupHoB BaJsiepuii BajsieppeBuu — KaHJ. dapMa-
LIEBT. HAYK, JIONEHT Kadeapsl ¢papMaieBTUHIECKOU U
TOKCHKOJIOTHYeCKON xumuu um. A.Il. ApsamaciieBa
®I'AOY BO IlepBbiii MOCKOBCKUH TOCYZIapCTBEHHBIN
yauBepcuteT umenu .M. CeuenoBa Mun3sipasa Poc-
cuM; 3aBeayoIui Jaboparopuell papMaKOKUHETH-
xku OI'BY «I'HII MHctutyT nmmyHosorun» OMBA
Poccuu (MockBa).

3acrpo:xuHa AHacracuda KoHcTaHTHMHOBHaA — ac-
cucteHT kadenpsl neauarpuu ®I'bOY JI10 «Poccuii-
cKasg MeJMIIMHCKAas aKaJieMUs HelpepbIBHOIO IIPO-
deccuonanpHOro 06pazoBanusi» Munsapasa Poccun
(Mocksa).

I'pumnua EjleHa AHaToJbeBHA — JI-p OHOJI. HayK,
BEIYIINH HAYUYHBIH COTPYJHHUK OT/EJA MOJIEKYJIAP-
HOoU Menuinuabl HU MoJiekyJIsIpHOU U ITepCOHAIU-
3upoBaHHOU Menauruabl ®T'BOY JITIO «Poccuiickast
MeJUIMHCKasA akaZieMUs HelIPepbIBHOro Tpodeccuo-
HaJIbHOTO 00paszoBaHusa» Munsapasa Poccun.

PsoknkoBa KpucrtmHa AHaroJIbeBHA — HAyYHBIH
COTPYZHHK OT/EJa MOJIEKYJIApHOU Menuumabl HU
MOJIEKYJISIPHOH U IIEPCOHAIN3UPOBAHHON MeITUITUHBI
OI'BOY AIIO «Poccuiickas MeIUIIMHCKAS aKa eMUs
HeIIPEePBIBHOI'O IIPOQECCHOHATIBHOIO 00pa30BaHUI»
Munsapasa Poccun.

Ckpsaoun Basentun IOppeBuu — 3aBe/[yIOIIUN 16-M
HapkoJsioruueckum otaesienueM 'BY3 «MockoBckuit
HAYYHO-IIPAKTUYECKUI IEHTP HapKoJioruu» Jlemap-
TaMeHTa 3/[paBOOXPaHeHu A I. MOCKBBI.

MIununsia Basepuii BajieppeBrUY — 3aMeCTUTENH
JupeKTopa 1o MeaunuHckod yactu I'BY3 «Mockos-
CKUH HAyYHO-IPAKTHYECKUH IE€HTP HApPKOJIOTUH»
JenapramenTa 3apaBooxpaHeHus I. MOCKBBIL.

BpioH EBreHuii AjlekceeBUY — /I-p MeJl. HayK, IIPO-
deccop, npesuseHT I'BY3 «MOCKOBCKHM Hay4HO-
NIpaKTUYeCKUH IeHTP HapKoJIOTHH» [lemapTameHTa
37paBooxpaHeHus I. MoOCKBBI; 3aBeAyomuil kade-
npoii Hapkosioruu ®TBOY ITI0 «Poccutickass meau-
IIMHCKasA aKkaZileMUsA HelIPephIBHOTO NIpodeccuoHalb-
HoTro obpasoBaHusi» Muuaapasa Poccuu (MockBa).

CerueB /Imutpuii AjsiekceeBud — 4i.-kop. PAH, 1-p
Me/l. HayK, npodeccop, npodeccop PAH, 3aBexnyio-
muil kadeapoil KIWHUYECKOW (HapMaKoJIOTHU U Te-
panuu, pexrop ®I'BOY AI1O «Poccuiickas MegumuH-
cKas akaZieMHs HellPepbIBHOTO NpodeccuoHaJlIbHOTO
obpaszoBanusi» Muuaapasa Poccuu (MockBa).

Oo0paszeny muTupoBaHua: 3actpoxun M.C,
Cmupsos B.B., 3actpoxxuna A.K., I'pumnna E.A., Peixu-
koBa K.A., Ckps6bun B.IO., Ilununsia B.B., Bpron E.A.,,
CorueB JI.A. Onenka BausHus aktuBHoctu CYP3A Ha
npoduib 3G PeKTUBHOCTH U 6€30MaCHOCTH (PIyBOKCAMU-
Ha y MAIUEeHTOB C JIeIPECCUBHBIMY PACCTPONUCTBAMU, KO-
MOPOUTHBIMHE C AJIKOTOJIBHOM 3aBHUCHMOCTHIO // Journal of
Siberian Medical Sciences. 2020. N 1. C. 65—75.

ABOUT THE AUTHORS

Zastrozhin Mikhail Sergeyevich — Cand. Sci. (Med.),
Head, Laboratory of Genetics and Basic Research,
Moscow Research and Practical Centre for Narcology;
Associate Professor, Drug Addiction Department,
Russian Medical Academy of Continuous Professional
Education (Moscow).

Smirnov Valeriy Valeryevich — Cand. Sci. (Pharma-
ceut.), Associate Professor, Pharmaceutical and Toxi-
cological Chemistry Department, I.M. Sechenov First
Moscow State Medical University; Head, Laboratory
of Pharmacokinetics, National Research Center — In-
stitute of Immunology (Moscow).

Zastrozhina Anastasiya Konstantinovna — Assis-
tant, Pediatrics Department, Russian Medical Acad-
emy of Continuous Professional Education (Moscow).

Grishina Elena Anatolyevna — Dr. Sci. (Biol.), Lead
Researcher, Molecular Medicine Division, Russian
Medical Academy of Continuous Professional Educa-
tion (Moscow).

Ryzhikova Kristina Anatolyevna — Researcher, Mo-
lecular Medicine Division, Russian Medical Academy
of Continuous Professional Education (Moscow).

Skryabin Valentin Yuryevich — Head, 16" Drug Ad-
diction Unit, Moscow Research and Practical Centre
for Narcology.

Shipitsyn Valeriy Valeryevich — Deputy Medical
Director, Moscow Research and Practical Centre for
Narcology.

Bryun Evgeniy Alekseyevich — Dr. Sci. (Med.), Pro-
fessor, President, Moscow Research and Practical Cen-
tre for Narcology; Head, Drug Addiction Department,
Russian Medical Academy of Continuous Professional
Education (Moscow).

Sychev Dmitriy Alekseyevich — Corresponding Mem-
ber (Russian Academy of Sciences), Dr. Sci. (Med.),
Professor (Russian Academy of Sciences), Professor,
Head, Clinical Pharmacology and Therapy Depart-
ment, Rector, Russian Medical Academy of Continu-
ous Professional Education (Moscow).

Citation example: Zastrozhin M.S., Smirnov
VV., Zastrozhina A.K., Grishina E.A., Ryzhikova K.A.,
Skryabin V.Yu., Shipitsyn V.V., Bryun E.A., Sychev D.A.
(2020). The estimation of influence of CYP3A activity on
the efficacy and safety of fluvoxamine in patients with
depressive disorders comorbid with alcohol use disorder.
Journal of Siberian Medical Sciences, 1, 65—75.

75



YK 616.14-005.6-08:615.277

O6ocHOBaHUuE MPUMEHEHUA UMMOOMIN3UPOBAHHBIX CYOTHIN3UHOB
JULSl TAPTE€THOU Tepanuyl BEHO3HBIX TPOMOO30B

Mumenuna C.B., baiikanos I 1., batikasmosa H.E., Makapos B.K., Magonos IL.T.

@I'6OY BO «Hogocubupckuil 2ocydapcmeeHHblil meduyuHckuil yHusepcumem» Munadpasa Poccuu

A rationale for application of immobilized subtilisines for target
therapy of venous thrombosis

Mishenina S.V., Baykalov G.I., Baikalova N.E., Makarov V.K., Madonov P.G.

Novosibirsk State Medical University

AHHOTAIIUA

s onpenenenus 3G GEKTUBHOCTH U 6€30MIaCHOCTH JIEKAPCTBEHHOTO IIpernapaTta Ha OCHOBE UMMOOUTU3UPOBAHHO-
ro cyorunusuna (CYBT) npoBesieHbI SKCIIepUMeHTaIbHBIE (C MCIIOIb30BaHUEM Kpbic-caMmIloB JuHuu Wistar u Balb/C) u
knuanYeckoe (VETTER-1 — Venous Thrombosis Therapy) ncciejoBanus. DKCIeprMeHTaIbHbIE HCCIIEAOBAHUS II0Ka3a-
U ipsimoe TpoMmbonutryeckoe neiicteue CYBT Ha 1-, 2- u 24-yacoBble TPOMOBI (in vitro) U OTCYTCTBHUE JIOKAJIBHBIX U3Me-
HEHUH y KPBIC ¢ K-KapparmuHaHOBBIM TPoMO030M (in vivo). B xo/ie KIIMHUYECKOT0 HCCIe/JOBAHNA Y AI[UEHTOB, I0JIyYaB-
mux CYBT, yBesimueHre KPOBOTOKA Ha 5 % OT UCXOMHOTO JTU60 peKaHaIU3aI[ui0 BeHbl HabJII01au B 1.5—1.6 pas3a yare
I10 CPaBHEHUIO € MAIEHTAaMU, [T0JIyYaBIIUMH I11ane6o.

Taxkum o6pasom, JiekapcTBeHHBIH mpenapat Ha ocHoBe CYBT MoxkeT ObITh UCIIOJIB30BAH B TEPAIIUY BEHO3HBIX TPOM-
6030B.

Karoueswvte cro8a: MMMOOMIN3UPOBAHHbIE CYOTHIM3UHBI, BEHO3HbBIE TPOMOO03bI, TPOMOOJIUTHYECKAS TEPATIHS.

ABSTRACT

To determine the efficacy and safety of the drug based on immobilized subtilisin (SUBT), we conducted experimen-
tal (using Wistar and Balb/C male rats) and clinical (VETTER-1 — Venous Thrombosis Therapy) studies. Experimental
studies have shown the direct thrombolytic effect of SUBT on 1-, 2- and 24-hour blood clots (in vitro) and the absence
of local changes in rats with k-carrageenan-induced thrombosis (in vivo). In a clinical study, patients receiving SUBT
showed an increase in blood flow by 5% from the initial, or recanalization of a vein which was observed 1.5—1.6 times

more often than in patients receiving placebo.

Thus, a drug based on SUBT can be used in the treatment of venous thrombosis.

Keywords: immobilized subtilisins, venous thrombosis, thrombolytic therapy.

BBEJIEHUE

Tpom603bI M AHTUTPOMOOTHYECKAS TEPATIUS
SIBJIAIIOTCS OJHUM W3 aKTyaJbHBIX M JI0 KOHIIA HE
paspeleHHbIX BOIPOCOB B COBPEMEHHOU MeUIIH-
He. [TaTorene3 pa3Butus TpomMb603a OMMCAH B KJjac-
CHUYecKol Tpuajie BupxoBa: 3ame/iyieHre TOKa Kpo-
BU, TUIIEPKOATYJIAIUS U MOBPEXKEHNE SHI0TEIIHA,
OJTHAKO 3Ta TEOPH JjaeT NPeZCTaBIeHHe O TPOMOO-

INTRODUCTION

Thrombosis and antithrombotic therapy are
one of the urgent and unresolved issues in modern
medicine. The classic Virchow’s triad describes the
pathogenesis of thrombosis as slowed blood flow,
hypercoagulation and endothelial damage. How-
ever, to a greater extent this theory gives an idea
of blood clot formation in vitro. Cell-based model
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obpazoBaHuM B O0JIBIIEH cTemneHu in vitro. Kierou-
Has Teopus remocrasa [1] JiornosHseT TeopHuio Bup-
XOBa U IaeT Pa3BEPHYTOE MIPEJICTABJIEHHE O B3AUMO-
JIEICTBUH BCEX 3BEHBEB FeMOCTA3a, 3 3HAYUT, XapaK-
TepU3yeT reMocTas 1 in vivo [2, 3].

AHTHUKOATY/IAHTHAS Tepanus W (HapMaKoo-
TUYECKUN TPOMOOJIU3UC SIBJISIOTCS OCHOBOHM I
YCIIENTHOTO JIeYEHUS TPOMOOTHYECKUX HO30JIOTUH.
At nBe PapMaKOJIOTHUECKUE TEXHOJIOTHH JIOJIKHBI
OCHOBBIBaThCs Ha cobofieHnN 6ayanca Mexy a¢d-
(bexTUBHBIM U OBICTPBIM pa3pelnieHneM TpoMb03a u
pUcKOM KpoBoTeueHUH. IIpuMeHeHUE CUCTEMHBIX
aktuBaTopoB I1azmMuHoreHa (CAII) Heusb6e:xHO
IIPUBOJIUT K HECKOJIBKUM OHMOXUMUYECKHUM IIPOIEC-
caM, KOTOPBIE SIBJISIOTCSI HETaTUBHBIMU U (DOPMUDY-
I0T OTPAaHUYEHU 17151 IPUMEHEHH I METOZ[a TPOMOO-
snzuca. CAIT BBI3BIBAIOT UCTOLIEHUE IJIa3MUHOTe-
Ha IUIa3MBI, THAPOJIUTHYECKOE PACIIeIJIeHUE T1J1a3-
MHIHOM 0eJIKOBBIX (aKTOPOB CBEPTHIBAHUS KPOBH, a
TaKKe TOpMO3AT (PUOPUHOIN3 MPOJyKTAMHU Jlerpa-
nmanuu GuOpUHa 3a CUeT KOHKYPEHTHOT'O0 HHTHOUPO-
BaHU IJIA3MUHA 10 TPUHIUITY OTPULIATETbHOU 06-
partHo# cBA3M [4, 5]. B cuiry MHOrOoo6pa3us KJIuHU-
YeCKUX CUTyallMi ObIBaeT TPYAHO CTPATU(PUIIUPO-
BaTh PUCK KaK TPOMOOSMOOINMIECKUX OCIOKHEHNH,
TaK U KpoBOTeueHUH. Bojee Toro, HeKoTopble dak-
TOPBl pUCKA TPOMOOIMOOTUUECKUX OCJIOKHEHUH
OJTHOBPEMEHHO YBEJIUUYHUBAIOT PUCK KPOBOTEUEHUH
[6]. BapuabesnpHOCTh 3ddexkTa TPOMOOIUTUKOB U
AHTUKOATYJISTHTOB OOYCJIOBJIEHA COCTOSTHHEM Opra-
HH3Ma, COIIyTCTBYIOIIUMU 3a00JIeBAHUSAMHY, TUETU-
YECKUMH IIPUCTPACTUAMHY, IPUHUMAEMBIMU Ipera-
paraMu u B O4eHb OOJIBIIIOH CTEIIeHU TeHeTHYECKU-
MU 0cOOeHHOCTAMH 60JIBHOTO [7—10]. Bompoc cosia-
HUA ¥ BHEIDEHHU B IPAKTUKY IIpenapara Jijis jieve-
HUA TPOMO03a, KOTOPBIH COXPaHsII ObI BCE IPEUMY-
[eCTBa TPAAUIIUOHHBIX TPOMOOJIMTHKOB U 001271271
6bI OOJTBINIEN TIPE/ICKA3yEMOCTHIO U 6€30I1aCHOCTHIO,
CTOUT OCTPO U Iepef] pa3paboTunKaMu JIeKapCTBEH-
HBIX CPEJICTB, U IIepe/i TPAKTHIECKUMU BpadyaMH.

B Hacrosiee BpeMs CJIOKHUJIUCH DeasibHbIe
MIPEIIOCHIJIKA K PEIIeHUI0 3TOH IpobsieMbl. Bos-
MOXXKHOCTH HEIJIA3MHUHOBOT'0 (GUOPUHOIN3A OTKPBI-
BaeT SH3UMOTepAIus, KOTopasi CTAHOBUTCSA Bce 60-
Jiee pacIpoCTpaHEHHOH B MeJUIIHE: MHOTHE dep-
MEHTBHI OKa3bIBAIOT PUOPUHOJIUTHYECKOE JeHCTBIE
U MOTryT OBITh HEPCHEKTUBHBIMH JJIs JIEYEHUS
CEP/IEYHO-COCYAUCTBIX 3a00JIeBaHUI, WHCYJIBTOB,
Tpom0603a, 5MOOJINH H T. 1.

O6Hapy KeHHe MOITHOTO (PUOPUHOIUTHYECKO-
ro ¢epMeHTa HaTTOKMHA3bI (nattokinase) BHISBUIIO
HOBBIE BO3MOXKHOCTH 0oJiee 6€30IaCHOTO JIEUeHU s
TpoMb03a. ATOT (HEepMEHT HCIOIB3YETCH B TPau-
[IOHHOM SITTOHCKOM (hepMEHTHPOBAHHOM IIPOAYKTE

of hemostasis [1] complements Virchow’s theory
and gives a detailed picture of the interaction of all
components of hemostasis, and thus characterizes
hemostasis in vivo as well [2, 3].

Anticoagulant therapy and pharmacologic
thrombolysis are the basis for the successful treat-
ment of thrombotic diseases. These two phar-
macologic technologies should be based on a bal-
ance between the effective and rapid resolution of
thrombosis and the risk of bleeding. Use of system-
ic plasminogen activators (SPAs) inevitably results
in several negative biochemical processes that re-
strict thrombolysis application. SPAs cause deple-
tion of plasma plasminogen, hydrolytic cleavage of
plasma protein coagulation factors by plasmin, and
also inhibit fibrinolysis by fibrin degradation prod-
ucts due to competitive inhibition of plasmin by the
principle of negative feedback [4, 5]. Due to the va-
riety of clinical situations, it is difficult to stratify
the risk of both thromboembolic complications and
bleeding. Moreover, some risk factors for thrombo-
embolic complications simultaneously increase the
risk of bleeding [6]. The variability of the thrombo-
lytics and anticoagulants effect is due to the state
of the body, comorbidities, eating habits, drugs
taken and, to a considerable extent, the patient’s
genetic characteristics [7—10]. The issue of creating
and putting into practice a drug for the treatment
of thrombosis, which would preserve all the advan-
tages of traditional thrombolytics and have greater
predictability and safety, is an acute issue for drug
developers and practitioners.

Currently, there are real prerequisites for solv-
ing this problem. The enzyme therapy, which is be-
coming increasingly common in medicine, creates
the possibility of non-plasmin fibrinolysis: many
enzymes have a fibrinolytic effect and can be prom-
ising for the treatment of cardiovascular diseases,
strokes, thrombosis and embolism.

The discovery of the potent fibrinolytic en-
zyme (nattokinase) has revealed new possibilities
for safer treatment of thrombosis. This enzyme
contained in the traditional Japanese fermented
product Natto has been known to the Japanese
for a hundred years as a nutritious and healing
food. Indeed, food, especially fermented, is con-
sidered one of the many sources of fibrinolytic en-
zymes. This discovery motivated an active search
for such microorganisms in traditional (Asian) fer-
mented foods. Studies of microorganisms produc-
ing fibrinolytic enzymes from various Asian tradi-
tional fermented foods have also shown that these
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Natto, u3BeCTHOM ANOHIIAM Ha NPOTAXKEHUU CTOJIe-
THUH KaK MUTaTeJIbHASA U eiebHas nuia. J[efdcTBu-
TEeJIBHO, MUIIA, 0cOOeHHO (hepMEHTHPOBAHHAS, CUU-
TaeTcss OJHUM W3 MHOTOUYHCJIEHHBIX HCTOYHHKOB
pubpuHOTUTHUECKUX (DEPMEHTOB. DTO OTKPHITHE
MOTHBHPOBAJIO AKTUBHBIN IIOUCK MTOOOHBIX MUKPO-
OpraHU3MOB B TPAIUITNOHHOU (a3MaTCKO) hepMeH-
TUPOBAHHOU ene. lcciemoBaHUs MUKPOOPraHU3-
MOB, IPOAYIUPYIOIKIX GUOpUHOIUTIHYECKHE (ep-
MEHTHI U3 Pa3JIMYHBIX a3MATCKUX TPAJUIIMOHHBIX
(bepMeHTHPOBAHHBIX MHUIIEBBIX NPOAYKTOB, TaKXKe
MIOKA3aJId, YTO 3TH MUKPOOPTAaHU3MBI B OCHOBHOM
npuHazexKatu K Buay Bacillus subtilis [11].

B poccuiickoil 1 MeX/1yHapOHON HAyYHOH JIU-
TepaType MOXXHO HaWTH JOCTATOYHO IIyOJIUKALIIH O
BO3MOXKHOU Te€pPANeBTHYECKON 3HAUNMOCTHU IIPUMe-
HEHUs CyOTHUJIM3WHOB U MOMOOHBIX UM (HEPMEHTOB
JULSl JIeYeHUs WHCYJIBTOB, MH(MAPKTOB, TPOMOO30B
[12—14]. Tlpu3HaHVe Bcel MUPOBOW MeTUIIMHCKOU
00IIIeCTBEHHOCTHI0 YHUKAJIBHBIX T€PANEBTUYECKUX
CBOMCTB CyOTHIM3UHOB celuyac MOXKHO pacCMaTpHU-
BaTh KaK CBEPIITUBIIUUACS (AKT.

I'maBHas mpobnema cos/laHUsA IIperapata Ha
OCHOBe CYOTHJIM3WHOB 3aKJI0YasiaCh B TOM, UTO-
Obl coxpaHsIach (epMEeHTATHUBHAS AKTUBHOCTb U
YCTPaHSJIOCh aJIJIEPrOTeHHOe M HMMYHOTOKCHYe-
cKoe zercTere. MeToa nMMoOUIn3anuu GapMako-
JIOTMYECKU AKTUBHBIX BEIIECTB HA MHEPTHBIX HOCH-
TeJISIX, HU3KOMOJIEKYJIIPHBIX ITOJIMMEepax, ¢ MOMO-
I[bI0 HAHOTEXHOJIOTUH DJIEKTPOHHO-TTyUYEeBOTO CHH-
Te3a IMO3BOJISIET 3HAUUTEJIPHO CHU3UTH OIACHOCTH
OCJIOXKHEHUH U TOBBICUTH OHMOJIOCTYIIHOCTH U 3(-
(dexTuUBHOCTH IpemnapaTos [15].

Y UMMOOMIN3UPOBAHHBIX HA MOJIUMEPHBIX HO-
CUTeJIIX IIpernapaToB, HaIpUMeP KOHBIOTHPOBAaH-
HBIX C TOJIUOTHUJIEHOKCHIOM MOJIEKYJI, U3BMEHSIOT-
¢ papMaKOKMHETUYECKUE ITapAMETPBI, UYTO MOKET
Tak)Ke yJIydlllaTh BTOPUYHBIE (papMaKoAMHAMUYE-
CKHe CBOMcTBA. XUMHUUecKasd UMMOOUIn3anusa oes-
KOBBIX BEIIECTB B PSAJIE CIIYYAEB C YCIEXOM MOXKET
ObITh 3aMEHEHA TEXHOJIOTHEH 3JIEKTPOHHO-TYYeBOH
MMMOOMJIM3AINH, 3HAYNTEILHO CHUMXKAIOIIEH cebe-
CTOMMOCTbD JIEKAPCTBEHHBIX IIPEapaTos [16].

IIEJb NCCJIEJOBAHUA

IIpoBecTn sKCHepUMeHTabHOE (in vitro u in
VIv0), a TakXe KJIMHUYECKOE WCCJIeIOBAaHUe JIJIs
onpezeneHus1 3¢ GeKTUBHOCTH U OE30IMaCHOCTH ITpe-
mmapaTa Ha OCHOBe IMMOOUJIM3UPOBAHHOTO CYOTHIIN-
3WHA JIJIS1 JIEUEHU I OCTPHIX BEHO3HBIX TPOMOO30B.

MATEPUWAJIBI 1 METO/AbI

Jlns usyveHus npsamoz20 mpomboAUMUUECKO-
20 Oelicmeus UMMOOUAUBUPOBAHHO20 cyYbmuausu-

microorganisms mainly belong to species of B. sub-
tilis [11].

There are enough research publications both in
Russia, and worldwide on the possible therapeutic
significance of subtilisins and similar enzymes for
the treatment of strokes, infarctions, and throm-
bosis [12—14]. The worldwide medical community
recognition of the unique therapeutic properties of
subtilisins is a reality.

How to retain the enzymatic activity of the
drug based on the subtilisin and eliminate its aller-
genic and immunotoxic effects is the main problem
of drug development. Immobilization of pharmaco-
logically active substances using inactive carriers,
low molecular weight polymers by using nanotech-
nology of electron-beam synthesis can reduce the
risk of complications significantly and increase the
bioavailability and efficacy of the drug [15].

In drugs immobilized on polymer-carriers, for
example, molecules conjugated with polyethylene
oxide, the pharmacokinetic parameters change
and this may improve the secondary pharmacody-
namics. In some cases, chemical immobilization of
protein substances can be successfully replaced by
electron-beam immobilization, which significantly
reduces the cost of drugs [16].

AIM OF THE RESEARCH

To conduct experimental (in vitro and in vivo)
and clinical studies to determine the efficacy and
safety of immobilized subtilisin drug for the treat-
ment of acute venous thromboses.

MATERIALS AND METHODS

To study the direct thrombolytic effect of im-
mobilized subtilisin (SUBT) in vitro, we used 20
Wistar male rats aged 5 months (10 animals both in
the experimental and in the control groups). All ani-
mals were kept under natural light on a standard
diet with free access to food and water. The research
was carried out following the rules adopted by the
European Convention for the Protection of Verte-
brate Animals (Strasbourg, 1986) and the Guide-
lines for the Preclinical Studies of Medicines, ed. by
A.N. Mironov (Moscow, 2012). The same amount of
blood was taken from experimental animals under
ether anesthesia from the tail vein into Eppendorf
tubes, in which blood clots were formed further for
1, 2, and 24 hours. The resulting thrombi weighting
0.4 + 0.02 g were put into a glass container included
in a closed system. In order to study the thrombo-
lytic activity of SUBT, we developed a test facility,
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Ha (CYBT) in vitro ucHoJIb30BaJI 20 KPhIC-CAMIIOB
sinanu Wistar B Bo3pacre 5 Mec (110 10 JKUBOTHBIX B
SKCIIEPUMEHTAILHOM U KOHTPOJIBHOU IpyInax). Bee
JKUBOTHBIE COZIEPKAJINCH IIPU €CTECTBEHHOM OCBe-
IEHUU Ha CTAaH/JAPTHOM palyoHe IIPU CBOOOJHOM
JIOCTYIIE K KOpMY U Bojie. MccenoBanue ObLIO BBI-
IIOJTHEHO B COOTBETCTBUY C IPABUJIAMHU, IPUHATHI-
mu EBponelickoll KOHBEHIIHEH IO 3allUTe IO3BO-
HOUHBIX XUBOTHBIX (CTpacbypr, 1986) u PykoBos-
CTBOM IIO IIPOBEIEHUIO JOKJINHUYECKUX HCCIIE0BA-
HUH JIeKapCTBEHHBIX cpeAcTB 1oy pex. A.H. Mupo-
HOBa (M., 2012). ¥ *KUBOTHBIX OIBITHOHN TPYIIITBI IO
3(pUPHBIM HAPKO30M K3 XBOCTOBOU BEHbBI 3a0HpaJIn
OJIMHAKOBOE KOJIMYECTBO KPOBH B ITPOOHPKU JIIIIEH-
Jopda, B KOTOPHIX MTPOUCXOAUIIO AaTbHeH ee Ghop-
MHPOBaHUE TPOMOOB B TeueHUe 1, 2 1 24 4. O6paszo-
BaBIIIKECSA TPOMOBI MacCOH 0.4 + 0.02 T IepeHOCH-
JIU B CTEKJISHHYIO €MKOCTb, BXOJAAIIYIO B 3aMKHY-
TyIo cucreMy. I wcciefoBaHUusA TPOMOOIUTHYE-
ckoii aktuBHOcTU CYBT 6bLy1a co3aHa SKCIIEPUMEH-
TajbHAs YCTAHOBKA, MPEACTABJISIONIAs COOON 3aM-
KHYTYIO CICTEMY CHJINKOHOBBIX TPYOOK CO CTEKJISTH-
HOHM eMKOCThIO (B Hee TOoMeIaan TpoMO), OIKITI0-
YeHHYI0 K nepdy3uoHHOMY Hacocy (mepdysomar)
Gilson Minipuls 2. B xone sxcnepumenTa nepdyso-
MaT CO CKOPOCTbIO 24 Mui/MuH npokauunBan CYBT,
pacTBOpeHHBI B 100 MJI 0.9% pacTBOpa XJIOpHU-
Jla HaTpHUs ¢ KOHIleHTparuen 2.4 EJI/mi uepes cre-
KJISTHHYIO €MKOCThb ¢ TpoMboM. Co3aBaeMblil /1aB-
JleHreM niepdy3oMara IMOTOK JKUJIKOCTU He TPUBO-
U K MEXaHUYEeCKOMY pa3pylLIeHUI0 TpoMOa, mpo-
HCXOJIUJIO €T0 OMBIBAHHE CO BCeX CTOPOH. PacTBop
CYDBT B 0.9% pacTBOpe XJjI0pH/ia HATPUA MOAOTPe-
BaJicA 210 37 °C, 4TO MO/IeINPOBAJIO TeMIlepaTypHOe
COCTOSIHME KDOBU B YCJIOBUAX (DU3NOJIOTHUECKOTO
KpoBooOpaleHus. B xoze vucciaenoBaHus B MEPUO,
0—135 MHH OIpEJeJsIM Maccy TpoMmba KaKible
15 MUH. B KOHTPOJIbHOH TI'pyIIIIe }KUBOTHBIX IIPOBO-
JUUJICSI aHAJIOTUYHBIH DKCIIEPUMEHT, TOJIBKO 0e3 pac-
TBOpenus CYBT B 0.9% p-pe xyiopujia HaTpus.
Craructudeckast 06paboTKa pe3ysIbTaTOB BKJIIO-
yajia TOJCYET cpenHeapudMeTUIEeCKUX 3HAYeHUN
(M) n ux o6y (m). JIJ1s1 BBIABIIEHU A JOCTOBEPHO-
CTHU HOJIYYeHHBIX 3HAUEHUH NMPUMEHSJIN TeCT MHO-
JKeCTBEHHBIX cpaBHeHu# JlyHkaHa (Duncan’s test,
ANOVA). B paboTe nCIOJIB30BaNH MAKET KOMIIBIO-
TepHbIX mporpamm STATISTICA (Bepcust 6.0).
IKxcnepumenmanvHoe uccaedogaMue MpPoOM-
b6oaumuueckozo Odeticmeust CYBT in vivo mpose-
JIEHO C WCIOJIb30BAHUEM MOJiesid TPoMO03a, MHY-
IIPOBAHHOTO K-KapparuHaHoM. Ilocjie MHBEKIINH
K-KapparuHaHa U3MEHSIOTCS KOATYJIAIUOHHBIE Ia-
paMeTpsl KPOBU — CHHUKaeTCs IPOTPOMOHHOBOE U
AKTUBUPOBAHHOE YACTHYHOE TPOMOOIIIACTUHOBOE

which was a closed system of silicone tubes with a
glass container (a thrombus was placed in it) con-
nected to a Gilson Minipuls 2 perfusion pump. In
the course of the experiment, at the rate of 24 ml/
min, the perfusion pump ran the SUBT dissolved in
100 ml of a 0.9% solution of sodium chloride with
a concentration of 2.4 U/ml through a glass con-
tainer with a thrombus. The fluid flow created by
the pump pressure did not lead to mechanical de-
struction of the thrombus but washed it on all sides.
SUBT in a 0.9% sodium chloride solution was heat-
ed to 37°C — the simulated blood temperature state
under normal physiological conditions of blood
circulation. During the study period of 0—135 min
we determined the thrombus weight every 15 min.
In the control group of animals a similar experi-
ment was carried out, only without dissolving the
SUBT in 0.9% sodium chloride solution.

Statistical processing of the results included
the calculation of mean values (M) and their error
(m). Duncan’s test of multiple comparisons (ANO-
VA) was used to determine the significance of the
obtained values. We used the STATISTICA soft-
ware package (version 6.0).

Experimental study of SUBT thrombolytic ac-
tion in vivo was carried out using a model of throm-
bosis induced by k-carrageenan. After the injection
of k-carrageenan, the coagulation parameters of
blood change — prothrombin and activated partial
thromboplastin time (APTT) decreases, and the
amount of fibrinogen and prothrombin activity in-
creases. All these changes contribute to the forma-
tion of a thrombus in the tail veins and arteries [17].

We used 30 male BALB/c mice with a body-
weight of 19—21 g. All animals were kept under
natural light on a standard diet with free access to
food and water. The study was performed in accor-
dance with the rules adopted by the European Con-
vention for the Protection of Vertebrate Animals
(Strasbourg, 1986) and the Guidelines for the Pre-
clinical Studies of Medicines, ed. by A.N. Mironov
(Moscow, 2012). The mice were randomly assigned
to groups; using body weight as a criterion, but pro-
vided that the individual value of the mass does not
deviate from the average by more than +10%. The
data (weight and number) of the selected animals
were ranked in descending order of weight, with the
help of Excel program using an algorithm SORT.

Experiment design: the experimental group
included 15 animals with k-carrageenan-induced
thrombosis model (they were intraperitoneally in-
jected with 200 pl of SUBT at a rate of 390 U/kg),
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BpeMs (AUTB), mpu 3TOM BO3pacTaeT KOJHYECTBO
(ubpuHOreHa u MpoTPOMOUHOBAA aKTHBHOCTH. Bee
S5TH W3MEHEHHs CII0COOCTBYIOT (HOPMHUPOBAHUIO
TpoMba B XBOCTOBBIX BEeHAaX U apTEPHUsIX [17].

B pabore wnCHoOIB30BaIM 30 MBINIEH-CAMIIOB
suaun Balb/C ¢ maccoii tesa 19—21 1. Bee xkuBoT-
HBIE COZIEP?KAJIUCH IIPU €CTeCTBEHHOM OCBEIIeHUH
Ha CTaH/IJaPTHOM paIlMOHE IIPpU CBOOOHOM JIOCTYIIE
K KopMy U Bojie. McceiteioBaHye ObLJIO BBITIOJIHEHO B
COOTBETCTBUU C IPABUJIAMU, TPUHATHIMU EBporeii-
CKOU KOHBEHITHMEH II0 3aI1Te II03BOHOYHBIX JKUBOT-
HbIX (CTpacbypr, 1986) u PykoBoacTBOM 110 ITpOBEIE-
HUIO JOKJIUHUYECKUX HCCIIEOBAHUN JIEKAPCTBEH-
HBIX cpencTB mof pea. A.H. Muponosa (M., 2012).
Mspimu pacrupesesieHsl O TPyHIaM PaHIOMU3U-
POBaHHO, B KaYeCTBE KpUTepus ObLJIa UCIIOIH30BA-
Ha Macca TeJja, HO IIPU YCJIOBHUM, YTO HHJUBULY-
aJIbHOE 3HAUEHUE MACChl HE OTKJIOHSETCS OT CpeJl-
Hero 6oJsiee ueM Ha +10 %. /lanHbIe (Macca U HOMeED)
OTOOpPAHHBIX JKUBOTHBIX PAH)XKUPOBAHBI B MOPS/IKE
yOBIBaHUS MacChl, ¢ MOMOIIbI0 mporpaMMbl Excel ¢
ucrosab3zoBanueM aiaropurma SORT.

JluzaiiH 5KclleprMeHTa: OIBITHAs Tpynna —
15 ’KUBOTHBIX C MOZIEJTBIO K-KapparnHaHOBOT'O TPOM-
6032, KOTOPHIM BHY TPUOPIOIIITHHO BBOIIIA 200 MKJI
CYBT u3 pacuera 390 EJI/Kr, KOHTpOJIbHAS TPYII-
mma — 15 )KUBOTHBIX C MOJIEJIBIO K-KappParuHaHOBOTO
TpoMb03a, KOTOPHIM BHYTPUOPIOIINHHO BBOIUJIU
200 MKJI (pH3HOJIOTUYECKOTO pacTBOpA.

Kaunuuecxkoe uccaedosamue aggpexmusHo-
cmu u 6ezonactocmu npumenenuss CYBT y 6onb-
HbIX C OCMPbIM 8eHO3HbIM MPOMO030M. OCHOBBI-
BasICh HA DKCIIEPUMEHTAJIbHBIX JJAHHBIX TI0 TPOMOO-
autudeckoMmy 5G@dEKTy, OTCYTCTBUIO TOKCUUECKUX
U TeMOpParuvecKux OCJIOKHEHUH, JIJI OIpesiesie-
Hud spdextuBHocTy CYBT MbI IpoBesn KJIMHUYE-
ckoe uccaenosanue, HazsanHoe VETTER-1 (Venous
Thrombosis Therapy). /[u3aiia nccieoBaHUA: MHO-
TOLIEHTPOBOE, PaHJOMU3UPOBAHHOE, ILIAIE60-
KOHTPOJIUPYEMOE, JBOMHOE CJIENOEe HCCIIeZIOBAHUE
JexkapcTBeHHOTO npemnapara Ha ocHoBe CYBT. Ono
MIPOXOZUJIO B IBYX KJIMHHYECKUX IeHTpax — ['oposi-
CKOU KJIMHUYecKor OosbHuIEe NO 1 um. H.M. ITupo-
roBa (MockBa) u B kinHuKe FOKHO-YPasibCKOTo ro-
CYZapCTBEHHOTO MEUIIMHCKOTO YHUBepcuTeTa (Ye-
1A0uHCK). B mcesiefoBaHUM yyacTBOBAJIM IMAI[HEH-
ThI (My?KYUHBI U JKEHIIUHBI) B BO3pacre 20—75 JIeT
C OCTPBIM BEHO3HBIM TPOMO030M (BHU3yaTU3UPOBAH-
HBIH TPOMO BEHO3HBIX COCYZIOB II0 PE3YJIBTaTaM YJIb-
TPa3BYKOBOTO HCCJIEJIOBAHUSA, IOpakeHue OT 1 70
4 BE€H), IPOXOAUBIIINE KypC JIEUeHUsI B YKa3aHHBIX
BBIIIIE KJINHUYECKUX [IEHTPAX.

B cooTBeTcTBUM ¢ nTepBOH Bepcuelt IIpoTokosa
uccsenoBanus (Ilporokon 1) mpumensiics CYBT B

the control group — 15 animals with k-carrageenan-
induced thrombosis model (they were intraperito-
neally injected with 200 pl of normal saline).

A clinical study of the efficacy and safety of
the SUBT use in patients with acute venous throm-
bosis. Based on the experimental data on the throm-
bolytic effect, absence of toxic and hemorrhagic
complications, we conducted the clinical trial called
VETTER-1 (Venous Thrombosis Therapy) in order to
determine the SUBT efficacy. Study design: a mul-
ticentre, randomised, placebo-controlled, double-
blind study of a drug based on SUBT. It took place
in two clinical centres — N.I. Pirogov City Clinical
Hospital No. 1 (Moscow) and in the Clinic of South
Ural State Medical University (Chelyabinsk). The
study involved patients (men and women) aged
20-75 years with acute venous thrombosis (venous
blood thrombus visualized by ultrasound, lesions
of 1 to 4 veins), who underwent treatment in above
mentioned clinical centers.

Following the first version of the Research Pro-
tocol (Protocol 1) the SUBT was used in the form
of flat-round tablets with a bevel and breaking line,
light yellow in color with possible marbling, with
smooth surface, 12 mm in diameter. According to
the second version of the Research Protocol (Pro-
tocol 2), we used hard gelatin capsules with white
bodies and dark pink caps, the contents of the cap-
sules were powder from white with a tan to light
brown colour.

Drug formulation: the 0.6 g tablet contains
SUBT — a highly purified enzyme preparation, ob-
tained as a result of proteinase-subtilisin immobili-
zation with polyethylene oxide — 200 IU (0.210 g);
adjuvants — potato starch (0.348 g), microcrystal-
line cellulose (0.090 g), sodium chloride (0.009 g).
One capsule contained 800 IU of the active sub-
stance.

In Protocol 1, patients were divided as follows:
the experimental group consisted of 25 individu-
als, the control group — of 24 individuals. The ex-
perimental group received SUBT in tablets, 1600
IU a day (4 tablets, twice a day) for 15 days along
with the conventional therapy for thrombosis and
chronic venous insufficiency. The control group
received a placebo (4 tablets, twice a day) for
15 days in addition to the conventional treatment
for thrombosis and chronic venous insufficiency.

In Protocol 2, patients were divided into three
groups: the control group (35 people) — patients
with standard therapy of thrombosis, receiving
placebo — 3 capsules, twice a day for 10 days; the
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BHJIE TJIOCKOIIMJIMHIPUYECKUX TA0OJIETOK ¢ (hacKOH
Y OZTHOW PHUCKOM, CBETJIO-KEJITOTO IIBETA, C BO3BMOXK-
HOH MPaMOPHOCTHIO, C TJIaJIKON TIOBEPXHOCTHIO, -
ametrpoMm 12 mM. CoracHo BTopoil Bepcuu IIporo-
KoJa uccsenoBanus (IIpoTOKOJI 2) UCIOIb30BAIUCH
TBep/Ible JKeJIATHHOBBIE KATICYJ/IBI C KOPILYCOM O€JI0T0
[IBETa U KPBIIIEYKOH TEMHO-PO30BOr0 IIBETA, COZIEP-
JKMIMOE KarIICyJI — IOPOIIOK OT 6eJIOTo C JKEeJITOBATO-
KODUYHEBBIM OTTEHKOM JI0 CBETJIO-KOPUYHEBOTO
I[BETA.

CocraB npenapata: TabyseTka 0.6 T COJIEPKUT
CYBT — BBICOKOOUHINEHHBIH (epMeHTHBIA IIpe-
mapar, IMOJyJYaeMblil B pe3ysbTaTe UMMOOHMIIN3a-
MU Ha MOJIU3TUJIEHOKCU/IE IPOTENHA3-CYOTUIIH-
3uHOB — 200 E/] (0.210 r); BcmoMoraTeJibHbIE Belle-
cTBa: KpaxMaJs KaptodenpHbIU (0.348 T), mesio-
s03a Mmukpokpucratnueckas MKII-IT (0.090 1),
HaTpui xjao0puz (0.009 r). OgHa Karcysia coiepka-
sa 800 EJl akTHUBHOTO BeIIeCTBA.

B IIporokojie 1 MalUeHTHl pPACIIPEIEIUIICH
cIIeAyIonuM 06pa3oM: OMBITHAS TPyIa — 25 YeJL.,
IpyIna KOHTPOIA — 24 4es. OmpITHAS TpyIIa 1mo-
aydana CYBT B TabieTkax B 03e 1600 EJl B cyTku
(o 4 TabJ1. 2 pasa B ieHb) B TeUeHUe 15 AHeH Ha PoHe
00IIENTPUHATON Tepanuu TpoM603a U XPOHUUECKOH
BEHO3HOM HEJIOCTATOYHOCTH. I'pyIimna KOHTPOJIA HO-
Jydasa miarebo (4 Tabi. 2 pa3a B JIeHb) B TEUeHUE
15 gHEN Ha HoHE OOIIETPUHATOrO JeUeHU s TPOMOO-
30B ¥ XPOHUYECKOH BEHO3HOM HE/IOCTATOYHOCTH.

B IIpoToKoJie 2 marueHThI OBLJIN Pa3zeIeHbl Ha
TPH TPYIIBL: 1) TpyImna KOHTpoJs (35 4es.) — ma-
IIMEeHTHl Ha (POHE CTAH/IAPTHOH Tepamuu TPoMOO-
3a, MOJIyUYaBIIKe Iperapar mianebo — mo 3 Karic.
2 pasa B /IeHb Ha IPOTSKEHUU 10 JHEH; 2) Tpyl-
ma «CYBT 3200 E/l/cyT» (32 ues.) — mamueHTHI
Ha GOHE CTAaHIAPTHOU Tepanmuu TpoMO03a MoJyda-
su CYBT B cyTouHo# j1o3e 3200 EJ — mo 3 karc.
(2 xamcyne CYBT 800 EJT + 1 karc. miane6o) 2 pasa
B JIeHb Ha MPOTSIKeHUHU 10 aHel; 3) rpynmna «CYBT
4800 EJl/cyT» (34 ues.) — namueHThI HA (GOHE CTAH-
JlapTHOU Tepanuu TpoM003a MMoJIydyasiy Ipernapar B
cyTouHoH 103e 4800 EJI — 10 3 Karc. (Bce Karcysabl
comepkanu CYBT 800 E/T) 2 pasa B 1eHb HA TIPOTSI-
JKEHUHU 10 JHEH.

Tepanus manueHTaM O0OOUX MPOTOKOJIOB IMPO-
BOZIMJIACKH IO IOCTHKEHU I IEPBUYHOU TOYKH HCCIIE-
JIOBaHU S — yBeJIMUeHHEe KPOBOTOKA GoJiee 5 % oT uc-
XO/THOTO.

PE3YJIBTATBI 1 OBCY2KJIEHUE

IKenepumeHmanvHoe Uucc1e008aHue NPIMo20
mpomboaumuueckozo deticmsus CYBT in vitro. Ilo-
cJIe HavaJia MHKYOAaIiu CBEKEro, 1-4aCOBOrO TPOM-
0a mepBbBIE 15 MUH CKOPOCTh CHHKEHHS €r0 MacChl

SUBT 3200 IU/day — 32 patients treated with
standard thrombosis therapy received a daily
dose of 3200 IU — 3 capsules (2 capsules SUBT
800 IU + 1 capsule of placebo) twice a day for
10 days; the SUBT 4800 IU/day group — 34 pa-
tients receiving standard therapy for thrombosis
in a daily dose of 4800 IU — 3 capsules (all cap-
sules contained SUBT 800 IU) twice a day for 10
days.

Therapy for patients of both protocols was car-
ried out until they reached the primary point of the
research — an increase in blood flow by more than
5% of the initial.

RESULTS AND DISCUSSION

An experimental study of the direct thrombo-
lytic effect of SUBT in vitro. After the start of incu-
bation of a fresh, 1-hour-old thrombus, during the
first 15 min the rate of its mass decrease was practi-
cally the same both when perfused with saline so-
lution and with a solution of SUBT (Fig. 1). Since
this thrombus is a rather mild substance, at the
beginning there is a loss of 25% of its mass due to
blood cells washing off; therefore, the difference in
the mass loss of the thrombus with the drug and
saline solution is not so obvious.

After the 15™ min of the experiment, the dif-
ference in the efficacy of two solutions became
clearly visible: the mass of the thrombus perfused
with SUBT solution began to fall actively. By the
45™ min the blood clot’s mass decreased by half,
by the 75" min — by 4 times, by the 9o min —
by 8 times, that is to the quantification limit. These
changes occur due to layer-by-layer washing of
blood cells from the thrombus surface, then a cord-
like fibrin structure appears and the thrombus is
lysed due to the destruction of its frame by proteo-
lytic enzymes. It is worth noting that during the
circulation of a thrombus in a solution of SUBT the
destruction occurs on its surface exclusively, with-
out formation of large fragments. This is important
from a clinical point of view since in the body large
fragments of a thrombus can lead to additional em-
bolism of blood vessels.

A distinctive feature of subtilisin is its non-spe-
cific hydrolysis of denaturated or polymerized pro-
teins that have lost their native structure. There-
fore, subtilisin does not hydrolyze fibrinogen, but
actively dissolves polymerized fibrin, both on the
surface and inside the thrombus.

When incubated with saline solution, the de-
crease in thrombus mass gradually stops by 75%
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OBl TPAKTUYECKHE OAMHAKOBAs KaK Ipu mepdy-
3U1 (PU3NOJIOTUYECKHIM PAcTBOPOM, TaK U pacTBOpa
¢ CYBT (puc. 1). ITockoabKy mAaHHBINA TPOMO TIpen-
cTaBJisieT coOO0H JIOBOJIBHO MATKYIO CyOCTaHITUIO, TO
BHaJaJie UJIET MOTeps 25 % Macchl TpoMmba 3a cueT
CMBIBAHU S KJIETOK KPOBH, IO3TOMY Pa3HHIA IO II0-
Tepe Macchl TpoMba ¢ IMpernapaToM U KOHTPOJIHHBIM
pacTBopoM He cTOJIb oueBHAHA. Ilocie 15-if MUHY-
THI B DKCIIEPUMEHTE OTUYETINBO BUHA PA3HUIIA 110
a(pdexTHBHOCTH IBYX PACTBOPOB: Macca TpoMmba B
yesoBusax mnepdysun pactBopa ¢ CYBT nHaumnaer
AKTUBHO CHI)KAThCA, K 45-1 MUHYTE YMEHBIIIAETCS B
2 pasa, K 75-i — B 4 pasa, kK 90-i MmuHyTe — B 8 pas
JI0 TIpeJiesia OIpejiesieHUs MUHHUMAJIbHOM MAacchl.
JlaHHBIE U3MEHEHU S ITPOUCXOIST 3a CUET ITOCIOUHO-
rO OTMBIBAHUS C IIOBEPXHOCTH TPOMOA KJIETOK KPO-
BU, NPOSBJISAETCA TKUCTasA, GUOPUHOBAS CTPYK-
Typa, TPOMO JIUBUPYETCS, 32 CUET PA3pPYIIEHUs €T0
Kapkaca npoteosutudeckuMu ¢epmenramu. Cro-
WUT OTMETHUTH, YTO B IIpoliecce IUPKYIANNU TPOM-
6a B pactBope ¢ CYBT mpouCXO/IUT UCKTIOUUTETHHO
IMOBEPXHOCTHOE €ro pa3pylieHue, 0e3 06pa3oBaHus
KpPYIIHBIX (PparMeHTOB. DTO OUeHb Ba’KHO € KJINHU-
YeCKOH TOUKHU 3PeHUs, TaK KaK B OpraHu3Me KpyII-
Hble ¢parMeHTHl TpoMba MOTYT IPUBOAUTH K JIO-
[IOJTHUTETBHON 3MOOJINU COCY/IOB.

OT/INYUTEIPHONH YepTON CyOTWJIM3WHA SIBJISA-
eTcs ero HecreUPUUHBIA TUIPOIN3 I€HATYPUPO-
BaHHBIX WJIU IIOJTUMEPU3UPOBAHHBIX OEJIKOB, yTpa-
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min of the experiment. The ability of an isotonic
solution to reduce mass by 50% in this experiment
is explained by the friability of a thrombus solely.
A similar experiment was conducted to deter-
mine the effect of the thrombus formation time on
the rate of its lysis by SUBT proteases (Fig. 2). It
showed that the rate of mass loss of a 2-hour throm-
bus during its incubation with SUBT almost coin-
cides with the lysis diagram of a fresh thrombus;
while the thrombus mass perfused with saline
solution over the entire experiment decreased by
only 17%. This fact can be explained by the retrac-
tion of a 2-hour blood clot, a significant decrease
in the proportion of cell-protein detritus in it, and,
accordingly, the washable fibrin-free component.
In the experimental group, the dynamics of throm-
bolysis did not significantly differ from the dynam-
ics of a 1-hour thrombus: by 45™ min, the thrombus
size decreased by 55%, by 75" min — by 72%, by 9o
min — by 85% (almost to the quantification limit).
It was interesting to evaluate the results of
a similar experiment with a 24-hour thrombus
which, under the influence of proteases, also be-
gan to dissolve rapidly. The circulating solution of
SUBT was stained red by blood cells washed out
of the thrombus. The thrombus rapidly decreased
in size. After 135 min of being in the circulat-
ing solution of SUBT, the 24-hour thrombus mass

45 60 75 90

Bpems, mun / Time, min

[ vzoronuueckuit pactsop / Isotonic solution
- Nmmo6umusuposanusii CYBT / Immobilized SUBT

Puc. 1. /[luHaMUKa U3MEHEHHUs MacChl 0JTHOYACOBOTO TPOMOA
Fig. 1. The dynamics of the 1-hour thrombus mass
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THUBIIUX CBOIO HATHUBHYIO CTPYKTYpYy. IloaTomy cyb-
TUJIN3UH He THUAPOaU3yeT GUOPUHOTeH, HO aKTUB-
HO pPacTBOPSET IMOJIMMEPU30BAHHBIN (PUOPUH, KaK
Ha IIOBEPXHOCTH, TAK ¥ BHYTPHU TpoMba.

IIpu nHKy6Ganuu ¢ PU3NOIOTHUECKUM PACTBO-
POM CHHKEHUE Macchl TPOMOA MOCTENEHHO TPeKpa-
IaeTcsA K 75-U MUHYTe dKerrepuMeHTa. ClocOOHOCTH
HM30TOHUYECKOTO pacTBOpa CHUKATh Maccy Ha 50 %
B JIAHHOM DSKCIIEDUMEHTe OOBIACHSETCS UCKIIIOUHU-
TEJIPHO PHIXJIOCTBIO CBEKEro TpoMOa.

Jlns onpejiesieHNs BIUSAHUSA BpeEMeHH 00pa3o-
BaHU TpoMOa Ha CKOPOCTH €T0 JIM3KCA TPOTea3aMu
CYBT (puc. 2) 6611 IPOBEIEH AHAJIOTUIHBIN JKCIIE-
puMeHT. OH ITOKa3aj, YTO CKOPOCTh IOTEPU MacCChl
2-yacoBoro Tpomba npu uHkybanuu ¢ CYBT mpak-
THYECKU COBIIA/IaeT ¢ TpaduUKOM JIM3UCA CBEXKe-
ro TpoM0a, Ipu 3ToM Macca Tpomb6a npu nepdy3un
(pu3moIIOTNUeCcKOrO pacTBOpa 3a BCE BpeMs DJKCIIEe-
pUMeHTa CHU3WJIACh JIUIIb Ha 17 %. DTO BO3MOXKHO
O00BACHUTH IIPOU3OLIEAIIEN PETPAKIIUEN IBYXYACO-
BOrO TpoM0Oa, CyIIeCTBEHHBIM YMEHbBIIEHUEM JIOJIH
KJIETOYHO-0EJIKOBOTO JIETPUTA B HEM U, COOTBET-
CTBEHHO, BBIMbIBaeMOU 6e3(puUOPHUHOBOM COCTABIIA-
IoIel. B ombITHOH rpymme AuHAMUKA TPOMOOIU3HU-
ca CyIIECTBEHHO HE OTINYAJIach OT JUHAMUKU OJTHO-
YacoBOro Tpomba: BeJIMYNHA TPOMOA K 45-H MUHY-
Te yMEHBIIIWJIACh Ha 55 %, K 75-1 MUHYTEe — Ha 72%,
K 90-i MUHyTe — Ha 85% (II0UTH JI0 IIpejiesia JIeTeK-
MY MUHUMAaJIbHOU MacChl).

HHTepecHO OBLJIO OIIEHUTDH PE3YJIBTAThl aHAJIO-
TUYHOTO KCIIEPUMEHTA ¢ CYTOYHBIM TPOMOOM, KO-
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decreased by 8 times to the quantification limit
(0.06 £ 0.01 g) (Fig. 3). During its lysis, large frag-
ments also did not form. The only difference from
more fresh thrombi was the prolonged dissolution
time. Consequently, the SUBT dissolved both 1-, 2-
and 24-hour thrombi efficiently.

In the control study, when 24-hour thrombus
was perfused with a saline solution, we did not ob-
serve its spontaneous dissolution throughout the
experiment, on the contrary its mass merely in-
creased. By the end of the experiment, its mass in-
creased by 40%. After retraction, the thrombus was
placed for 24 hours in storage, during which further
induration of the fibrous clot occurred. When im-
mersed into saline solution the thrombus increased
in volume and mass.

Thus, as a result of the experiment we estab-
lished that SUBT lyses layer-by-layer 1-, 2- and
24-hour thrombi efficientlly without formation of
large aggregates.

An experimental study of the thrombolytic
effect of SUBT in vivo. It is known that thrombo-
sis induced by k-carrageenan develops within 24
hours, that is why the length of the thrombosis area
was measured 24 hours after the injection. In the
control group, the length of the area with induced
thrombosis was 6.9 + 0.2 c¢m, i.e., the entire area on
which the temporary ligature was applied (Fig. 4, B).
At the same time, the area above the compres-
sion site, not subjected to thrombosis, was visible.

60 75 90

Bpewms, muH / Time, min

[ Mzoronuueckuii pactsop / Isotonic solution
I Vvivo6umsuposanaeiit CYBT / Immobilized SUBT

Puc. 2. J/luHaMyKa U3MEHEHUS MacChl JIByX4acoBOTO TpoMba
Fig. 2. The dynamics of the 2-hour thrombus mass
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I Vvvo6unusuposanubii CYBT/ Immobilized SUBT

Puc. 3. V3meHeHne MacChl CyTOYHOTO TPoMba
Fig. 3. Change of the 24-hour thrombus mass

TOPBIH MO/ BJIUSTHUEM IIPOTEA3 TAKKe HAYNHAJI ObI-
CTPO TOBEPXHOCTHO PAaCTBOPATHCA. LupKymupyio-
muit pactBop CYBT okpamuBajicsi BHIMBIBAeMBIMU
n3 TpoMba spurponuTamMu. TpoMO CTPEMHUTEIIHFHO
YMeHbBINAJICA B pa3Mepax. Uepes 135 MUH HaAXOXK7e-
HUA B nupkyaupyoieMm pacrBope CYBT macca cy-
TOYHOTO TpoMba YMEHBIIUJIAch B 8 pas Ji0 HIXKHeH
TOYKH JIeTeKINH (0.06 + 0.01 1) (puc. 3). [Ipu ero u-
3HCe TaKKe He 00pa30BbIBAIOCH KPYITHBIX (hparMeH-
ToB. ENMHCTBEHHOE OTIIMYME €ro OT 0OoJiee CBEXUX
TpoMOOB — 60JIee IPOIOIKUTETHFHOE BPEMS PACTBO-
penus. CaenoarensHo, CYBT addekTUBHO pacTBo-
PAJI KaK 1- U 2-4acOBbIe, TAK U CyTOYHBIE TPOMOBI.

B KOHTPOJILHOM HCCJIEJIOBAHUH IIpU epPy3Uun
CYTOYHOT0 TpoMba ¢ GU3UOJIOTUIECKUM PACTBOPOM
CaMOIIPOM3BOJILHOTO PAaCcTBOpEeHHs TpoMba He Ha-
6J1I0/1a710Ch, HAa MPOTSIKEHUU BCETO DKCIIEpUMEHTa
ero macca, Ha0b60poT, ToJIBKO Bo3pacTtayia. K koHIy
SKCIIEPIMEHTA ero Macca yBenuusach Ha 40 %. I[1o-
cJie peTpakiuu TpoMO IMoMeIascs Ha 24 4 Ha Xpa-
HeHUe, B IIPOIECCE KOTOPOTO IIPOUCXOAMJIO JAJb-
HeliIIee yIyioTHeHHe GUOpo3HOTo crycTka. [Ipu no-
MajlaHuu B (PUBUOJIOTUUECKUH pacTBOp TPOMO yBe-
JIMYHUBAJICS B 00bEME U Macce.

Takum 00pa3oM, B pe3ysbraTe SKCIIEPHMEHTA
ycTaHoBJIeHO, 4T0 CYBT appekTrBHO NOCI0HHO JIN-
3UpYeT 1-, 2- U 24-4acoBble TPOMOBI 6e3 0OpaszoBa-
HUA KPYIIHBIX arperaros.

dxcnepumeHmanvHoe uUccaedo8aHue Mpom-
6oaumuueckozo Odeticmeus CYBT in vivo. W3Bect-
HO, YTO TPOM0OO03, MHIYIHUPOBAHHBIN BBeJIEHUEM
K-KapparuHaHa, pa3BUBAETCS B TEUEHUE CYTOK, [103-
TOMY JJIMHY y9acTKa ¢ TPOMO030M U3MePSIN uepes

Nevertheless, one day after an external difference
was evident: the animals of the control group lost
weight, on average, 2.5 + 0.7 g. Also in mice with-
out SUBT treatment, cyanosis of the skin was not-
ed. Microthrombi may have formed in blood ves-
sels due to changes in the coagulation parameters
in the control group mice [9]. In the group receiv-
ing SUBT, the mass of animals and the skin re-
mained unchanged. In the group with SUBT treat-
ment, 24 hours after the injection, thrombosis in
the tail veins did not develop. At the site of injec-
tions, the k-carrageenan caused only an inflamma-
tory reaction, marked by redness of the skin of the
tail (Fig. 4, C).

After 48 hours, in the off-treatment group,
the thrombosis led to necrotization of tail tissues
(Fig. 4, D). In the group with SUBT treatment, every-
thing remained without changes (as after 24 hours),
only at the k-carrageenan injection site erythema was
visible.

Thus, in mice with k-carrageenan tail vein
thrombosis, the administration of SUBT allowed
to avoid local changes; the animals’ condition was
objectively better as compared to the group without
SUBT treatment.

A clinical study of the efficacy and safety of
the SUBT in patients with acute venous thrombo-
sis. Findings of the research indicate that the SUBT
daily dose of 1600 IU during the course is effective.
This dose provides an increase in reserve capac-
ity of anticoagulant hemostasis and a decrease in
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24 4 110cJIe UHBEKITUHA. B KOHTPOJIBHO I'pyIIIIe JIJTH-
Ha y4yacTKa ¢ MHAYLIHPOBAHHBIM TPOMOO30M cOCTa-
BUJIA 6.9 +£ 0.2 CcM, T. €. BECh YYACTOK, HA KOTOPBIU
ObLy1a HaJIOXKEHA BpeMeHHas jurarypa (puc. 4, B),
[IPY 3TOM OTYETJIMBO BH/HA 00JIACTH BBIIIE MeCTa
CIABJIMBAHUS, He MOJIBEPriIasica TpoMbo3y. Yixke
yepe3 CyTKH OblIa BUJIHA BHEIIHSS Pa3HUIA: KU-
BOTHBIE KOHTPOJIBHOH I'PYIIIIBI IOTEPSAIIN B Macce, B
cpeZiHeM 2.5 + 0.7 T. Takske y Mblleii 6e3 JeueHust
npemnaparoMm CYBT oTMmeuasicst iuaHO3 KOKHBIX T10-
KpOBOB. BO3MOKHO, B CBSI3U C U3MEHEHUSIMH KO-
TYJISIMUOHHBIX MapaMeTPOB KPOBH B COCYJaX MbI-
el KOHTPOJIBHOU TPYNIIbl 0OPa30BBIBAJINCH MU-
kpoTpoM6sI [9]. B rpymnme c BBegenuem CYBT mac-
ca ’KUBOTHBIX U BHEIITHHE ITOKPOBHI KOJKU OCTAJIUCH
0e3 uzmeneHuil. B rpynre c euenuem CYBT uepes
24 9 1O0CJIe UHBEKIIUU TPOMOO3 B XBOCTOBBIX Be-
Hax He pa3BuBaJicsa. Ha yuacTke XBocTa, T/ie Jies1aiu
UHBEKI[UH, K-KapparuHaH BI3BAJI JIUIIH BOCIIAJIU-
TEJIBHYI0 PEaKI[UI0, OTMEYAIOILYIOCA IMOKPAaCHEHH-
€M KOKHBIX IIOKPOBOB XBocTa (puc. 4, C).

Uepes 48 u B rpymnme 6e3 JyedeHUs: TpomMbO03
IIpUBeJI K HEKPOTU3aMH TKaHeH xBocTa (puc. 4, D).
B rpymnme ¢ BBenennem CYBT Bce ocTtasoch 6e3 u3-
MeHeHUH (Kak U 4epe3 24 U), JIUIIb B MECTE BBele-
HUS K-KapparnHaHa BUJ[HA 3pUTEMA.

Taxum 06pa3oM, y MBIIIIEeH ¢ K-KapparnHaHOBBIM
TpoMb030M XBocTOBOI BeHbI BBesieHHe CYBT mo3Bo-
JI51510 N36€KaTh JIOKAJIbHBIX U3MEHEHU, COCTOSHHE
JKUBOTHBIX OBLJIIO 00'b€KTHUBHO JIYUIIIE [T0 CPABHEHUIO
¢ rpynmo# 6e3 npumenenus CYBT.

platelet aggregation activity with a background of
optimized ratio of some cytokines responsible for
the implementation of pro- and anti-inflammatory
activity.

In the study of hemostasis, we revealed the
following dynamics of parameters on treatment:
the APTT and platelet count did not change in the
groups, the fibrinogen level decreased, and the in-
ternational normalized ratio increased in all groups
of patients. The D-dimer level decreased in the con-
trol group and the SUBT 3200 IU/day group, how-
ever, in patients who received SUBT in a daily dose
of 4800 1U/day, by the end of the therapy course,
the D-dimer level did not decrease, that is, lysis of
thrombotic masses continued at the same rate. It
should be noted that during the study in the Proto-
col 1 and Protocol 2 samplings there were no clini-
cal and paraclinical signs of thromboembolism, as
well as cases with negative dynamics. On the con-
trary, an increase in blood flow by more than 5%
from the initial one or recanalization of the vein
(restoration of blood flow by at least 5% with its
complete absence at the beginning of therapy) was
recorded. When assessing with ultrasound imag-
ing the degree of normalization of blood flow in the
area of compromised blood circulation after thera-
py, statistically significant differences were found
between the groups of patients who received SUBT
and the placebo-treated patients with conventional
therapy for thrombosis in both groups.

Puc. 4. ll3MeHeHHE XBOCTOB MBIIIEHN B IIPOIECCE SKCIIEPUMEHTA:
A — WHTaKTHOE KUBOTHOE; B — KOHTPOJIbHASI TPYIINA YePe3 24 U IOCJIe TOKOKHOTO BBEIeHUsI K-KapParnHaHa;
C — rpynmna c teuenueMm CYBT uepes cyTku nocsie nuabekium; D — rpynmna KOHTpoJis yepes 48 1
Fig. 4. Change in the mice’s tails during the experiment:
A — intact animal; B — the control group 24 hours after subcutaneous administration of k-carrageenan;
C — the group with SUBT treatment one day after the injection; D — the control group after 48 hours
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Kaunuueckoe uccaedosanue aggexmusHocmu
u 6esonacthocmu npumerenuss CYBT y 60avHblx ¢
ocmpuim 8eHO3HbIM mpombo3zom. o pesynpraTam
HCCJIEIOBAHUS YCTAHOBJIEHO, UTO KYPCOBOU ITPHEM
CYBT B cyTouHo# fo3e 1600 EJl obecrieunBaet 10-
CTaTOYHYI0 3 HEKTUBHOCTD, YTO BBIPAKAETCA B IIO-
BBIIIIEHUH PEe3ePBHBIX BO3MOXKHOCTEN AHTHKOATy-
JIAHTHOIO 3B€HAa reMoCTa3a U CHH)KEHHHU arperamu-
OHHOU aKTUBHOCTU TPOMOOIINTOB HA (DOHE O TUMU-
3aIY COOTHOIIEHUA psAJja IUTOKUHOB, OTBETCTBEH-
HBIX 3a peau3alyIo IIPO- ¥ IPOTUBOBOCIAINTEb-
HOI aKTUBHOCTH.

IIpu ucerenoBaHuY reMocTasa ObLIA BBISIBJIEHA
cremyomas JUHAMUKA IoKasaTesell Ha ¢hoHe Mpo-
BoAMMOM Tepanuu: mokasartesn AYTB u kosimyecTBa
TPOMOOIIUTOB HE U3MEHSJINCh B IPYIIaX, YPOBEHD
(ubpriHOTeHa CHMIKAJICSA, a MeXKIyHapOJHOe HOP-
MaJIN30BaHHOE OTHOIIIEHUE YBEJIUINBAJIOCH BO BCEX
rpyninax nalyeHToB; ypoBeHb D-1uMepa cHuKascsa
B KOHTpOJIbHOM rpynie u rpymme «CYBT 3200 ENl/
CcyT», a y marnueHTos, noaydasmux CYBT B cyTou-
HOH1 103e 4800 EJI/cyT, KO BpeMeH! OKOHUAHUS Te-
panuu ypoBeHb D-1uMepa He yMeHbIIAJCA, T. €. JIU-
3UC TPOMOOTHUUYECKUX MACC MPOIOJIKAJICS C MPEekK-
Hel ckopocThio. Hy’KHO OTMETHTD, YTO IIPH IIPOBE-
JIEHUU HccieoBaHus B BblOOpkax «IIpoTokon 1»
u «IIpoTOKOJI 2» He 3aperucTPUPOBAHO KIJIMHUYE-
CKUX U MApaKJIUHUYECKUX IPHU3HAKOB TPOMOOIM-
60711H, a TAKKe CJIyYaeB C OTPHUIATETHHOMN JUHAMHU-
koil. HanpoTus, 3apUKCUPOBAHO yBeJIMUYEHNE KPO-
BOTOKA OoJiee 4eM Ha 5 % OT UCXOAHOTO JI0OO peKa-
HaJIM3aIus BeHbl (BOCCTAHOBJIEHHE KPOBOTOKA KaK
MHUHHUMYM Ha 5 % IIPH HOJIHOM €ro OTCYTCTBUU K
Havayy Tepanuun). [Ipu oneHKe CTeeHU HOpMaJIu-
3alli¥ KPOBOTOKA B 30HE CKOMIIPOMETHPOBAHHOI'O
KPOBOOOPAIIEHNU I [TOCJIe IPOBEAEHU I TEPATIHH C IT0-
MOIIBIO Y 3-BU3yaanu3anuu 00HAPYKEHbI CTATUCTHU-
4YecKU 3Ha4YuMble pa3jIM4yusa MexKJy IpylIaMu Iia-
[IEeHTOB, OJIyYaBIIUX HA (POHE OOIIENIPUHATON Te-
pamuu Tpom603a CYBT, u manueHToB, [0IyYaBIInX
mianebo.

Y nanuenTos, noayuasiux CYBT B g03e 1600
u 3200 E]l/cyT, yBenueHne KpoBOTOKa boJee uemMm
Ha 5 % OT MCXO/IHOr0 JUOO peKaHaIU3alUsA BEHBI
Habsto/1aeTes B 1.6 pasa vaine (Ha 60 %), yeM y ma-
[IHEHTOB KOHTPOJIBHOU I'PYHIEL. Y MAIHEHTOB, I10-
ayuaBmux CYBT B 1o3e 4800 EJ]/cyT, yBesinueHue
KpPOBOTOKA 6oJjiee ueM Ha 5 % OT MCXOLHOTO 10O
pekaHanusanus BeHbl HabiomaeTcs B 1.5 pasa
yaie (Ha 50 %), YeM y MAaI[UeHTOB KOHTPOJIbHOM
TpYIIIBL.

Takum o6pa3om, ITPOBEAEHHBIN aHAIN3 IOKa-
3pIBaeT 6e3omacHOCTh U 3¢ dektuBHOCTE CYBT npu

In patients who received SUBT in 1600 and
3200 IU/day, an increase in blood flow by more
than 5% from the initial or vein recanalization is
observed 1.6 times more often (by 60%) than in pa-
tients of the control group. In patients who received
4800 IU/day of SUBT, an increase in blood flow by
more than 5% from the initial or recanalization of
the vein is observed 1.5 times more often (by 50%)
than in patients of the control group.

Thus, the analysis shows the safety and the ef-
ficacy of SUBT in the treatment of venous thrombo-
sis of the lower extremities.

The results of in vitro and in vivo experiments
have shown that SUBT has a direct thrombolytic ef-
fect. Besides, a thrombus, when exposed to SUBT,
dissolves layer-by-layer without fragmentation.
This fact seems to be extremely important for the
clinical use of SUBT since it excludes the embologe-
neity of the thrombolysis performed.

CONCLUSION

The drug based on immobilized subtilisins,
studied in preclinical and clinical researches,
can be introduced into clinical practice as an oral
thrombolytic medication.

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

KOMILJIEKCHOU Tepaluy BEeHO3HBIX TPOMOO30B HUK-
HUX KOHEUYHOCTEeH.

Pe3ynpTaThl SKCIIEPUMEHTOB in vitro U in Vivo
niokazany, uto CYBT obrazgaeT mpamMbeIiM TpoMOOIH-
THYECKUM JiericTBreM. Kpome Toro, TpoM6 mipu BO3-
nevicreun CYBT pactBopsieTcs mocsoiHo, 6e3 gpar-
MeHTaIuu. JTO OOCTOATENBCTBO IIPE/CTABIIAETCS
Ype3BBIUAHO BaXKHBIM /11 KJIMHUYECKOTO IIpruMe-
Henus CYBT, mMOCKONIBKY HCKJIIOUaeT 3MOO0JIOTEH-
HOCTbH ITPOBOJIMOTO TPOMOOJIU3HUCA.

3AK/IIOYEHUE

JlekapCTBEHHBIN MperapaTr Ha OCHOBE HMMOOU-
JINBUPOBAHHBIX CYOTHJIN3UHOB, U3YUEHHBIH B J0-
KJINHUYECKUX U KJIMHUYECKUX UCCJIe/IOBAHUAX, MO-
JKeT OBITh BHEJIPEH B KJIMHUYECKYIO IPAKTHKY B Ka-
YecTBe IIeEPOPATBLHOTO CPEACTBA TPOMOOTUTHIECKOH
Tepamuu.

KoH}IUKT MHTEpPECOB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUM KOH(QJIMKTA UHTEPECOB.
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Evaluation of the efficacy of new vaginal suppositories with garden
sage leaves solid extract in treatment of non-specific vaginitis in
experiment

Yunusova I.A., Perederiy E.A., Teleshova O.V., Burgelo E.V., Goryanikova L.N.

Saint Luka Lugansk State Medical University

AHHOTAIIUA

IKCIEPUMEHT, B X0Jle KOTOPOTro u3ydasach GapMaKOJIOTUUECKas: aKTUBHOCTD CYIIIO3UTOPHEB BarMHAJIBHBIX C Ty-
CTBIM HKCTPAKTOM JIUCTheB Iasdes jgekaperBennoro (I'AJIILI) Ha MOAEIH MHAYIUPOBAHHOTO BAaTMHUTA, TIPOBOUIICS
Ha 36 KpbIcax-caMKax. JKUBOTHBIX pa3ziesiuia Ha 6 rpyni (1o 6 KPbIC B KAXK/I0H): 1-51 — KOHTPOJIbHAsS (MHTaKTHBIE KPbI-
CBI); 2-1 — UHAYIIUPOBAHHBIN BarMHUT; 3-51 — WHAYIIUPOBAHHBIN BAarMHUT ¢ (apMaKOKOPPEKIHEH CYIIIO3UTOPUAMU Ba-
TUHAIBHBIMU «MeTPOHHUAA30JI»B JI03€ 43 MI/KT; 4-1 — WHAYIIUPOBAHHBINA BaTUHHUT + CYIIIO3UTOPHU C O0JIEITUXOBBIM
MAacJIOM B JI03€ 43 MI/KT; 5-1 — UH/IyIIUPOBAHHBIN BarMHUT + CYNIIO3UTOPUU BaruHaabHble ¢ [DJIIILJI B no3e 4.3 Mr/Kr;
6-51 — UH/IYITUPOBAHHBIN BATHHUT + CYIIIO3UTOPUU BarnHaibHbIe ¢ TAJIIILI B 103€ 8.5 MI'/KT. DKCIIEPUMEHTAIBHBIHN Ba-
TUHUT MOJIeJINPOBAJIN IIyTEM O/IHOKPATHOTO MHTPaBarnHAJIBHOTO BBeZIeHU (psiororeHa B 103€ 0.2 MJI Ha O/THO JKUBOTHOE.

YcraHOBJIEHO, UTO UCCIIEYEMBIN TIPENapaT B 103€ 4.3 MI/KT IPOSIBJISIET MAKCUMAJIbHYI0 PET€HEPUPYIOIIYI0 aKTHB-
HOCTb. Tak, Ip1 KOPPEKIINY BarMHUTA UCCIIEAYEMBIM IIPENIAPATOM B I03€ 4.3 MT'/KT TOJIIIIMHA STTUTETUA COCTaBUIIA 65.06
[38.2-89.4] MKM (m1pu JIeYeHUH CYNIIO3UTOPHUSAMHU « METPOHH/Ia30J1» U CYHIIO3UTOPUAMHE C 0OJIETTUXOBBIM MacJIOM 43.3
[34.7-55.6] u 76.6 [48.7—107.1] MKM COOTBETCTBEHHO), & COOTHOIIIEHUE SIUTENHS U CTPOMBI COOCTBEHHOU ILJIACTUHKU
CJIM3UCTOTO CJIOS BIarajuia ObL10 OJIM3KUM K HOPME.

Takum ob6pazom, cynmnosutopun BaruHayibHble ¢ ['DJIIIJI ABIAIOTCA MEPCIIEKTUBHBIMHU /IS TAJbHEUIIIETO U3yde-
HUSI B KQUeCTBe MMOTEHIIMAJIBHOTO CPEJICTBA JIJIs JIeUeHHsT NH(PEKITMOHHO-BOCIIATUTENBHBIX 3a00I€BAaHII HUKHETO OT/Ie-
Jia )KEHCKOTO TI0JIOBOTO TPaKTa.

Karoueewvle cao6a: BAaTHHUT, TYCTON SKCTPAKT JINCTHEB ayiest IEKAapCTBEHHOTO, CJIU3HCTast 000I0UKA BIATATHINA.

ABSTRACT

The pharmacological activity of vaginal suppositories with the garden sage leaves solid extract (GSLSE) was studied
on a model of the induced vaginitis during experiment which was conducted on 36 female rats. Animals were divided into
6 groups (6 rats in each one): the 1% group was control one (intact rats); the 2" group was with the induced vaginitis; the
3" group was with the induced vaginitis and pharmacological correction by vaginal suppositories Metronidazole in a dose
of 43 mg/kg; the 4™ group was with induced vaginitis and sea-buckthorn oil suppositories in a dose of 43 mg/kg; the 5%
group was the induced vaginitis and vaginal suppositories with GSLSE in a dose of 4.3 mg/kg; the 6" group was the induced
vaginitis and vaginal suppositories with GSLSE in a dose of 8.5 mg/kg. An experimental vaginitis was modeled by single
intravaginal injection of phlogogen at a dose of 0.2 ml per one animal.

It is established that the studied drug in a dose of 4.3 mg/kg shows the maximum regenerative activity. So, when cor-
recting vaginitis with the studied drug in a dose of 4.3 mg/kg thickness of epithelium was 65.06 [38.2—-89.4] um (when
treated with Metronidazole suppositories and suppositories with sea-buckthorn oil 43.3 [34.7—55.6] and 76.6 [48.7-107.1]
um respectively), and the ratio of epithelium and stroma of lamina propria of vaginal mucosa was close to normal.
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Thus, vaginal suppositories with GSLSE are perspective for further studying as a potential tool for the treatment of
infectious and inflammatory diseases of lower female genital tract.

Keywords: vaginitis, solid extract of garden sage leaves, vaginal mucosa.

BBEJAEHMHNE

CeronHa 0oco0oe BHUMAaHHE yJeJseTcsa Jiede-
HUIO WH(EKITNOHHO-BOCTIAJIUTEIbHBIX THHEKOJIO-
ruyeckux 3a00jieBaHUM, KOTOpblE HETAaTUBHO OTpa-
JKAQIOTCS Ha PEIPOAYKTHUBHOM 37I0POBBE U KaUecTBe
JKU3HU JKeHITUH [1]. BocnasiuTebHble THHEKOJIOTH-
yeckue 3a001€BaHUS Yallle BCETO HAUMHAIOTCS C UH-
(beKITMOHHBIX MTOPAKEHNH BYJIBBHI U Biarajgumia. B
[IOCJIe/THUE TOJ[bI OTMEUYAETCsI POCT 3a601€EBAEMOCTH
JKEHINWH IePBUITUTAMU U ByJIbBOBaruHutamu. He-
crienuUYECKUd BaTrUHUT OOHAPYKUBAIOT Y KaK-
JIOH TATOUW MAIUEHTKU TUHEKOJIOTMYECKOTO IIPO-
duns. laHHasA MATOJIOTHS BCTPEYAETCS B IITUPOKOM
BO3PACTHOM JHama3oHe, IPU 3TOM, KaK IIPaBUJIO,
pasBuBaercsa Ha ¢GoHe MHOPEKIHOHHBIX 3a00JieBa-
HUU, BO3/IEUCTBUS MECTHBIX ITOBPEXK/IAIONINX areH-
TOB, CHIKEHU S QYHKIINHN AUIHUKOB, SHAOKPUHHON
MaTOJIOTUU, UMMYHO/IE(PUITUTHBIX COCTOSHU [2].

Tepanusa HecremupUUECKOTO BarvHUTA Ha-
IIpaBJIeHa Ha OKa3aHUe KaK MEeCTHOTO, TAK U CUCTEM-
HOTO IIPOTHUBOBOCIAJIUTEIHHOTO, aHTUMUKPOOHOTO
U OOIIEYKPEIUISIONIETO BO3eHCTBUA. MecTHOe J1e-
yeHUe 3aKJII0YAeTCs B CAHAIUHM HAPYKHBIX II0JIO-
BBIX OPTaHOB W BJIATAJIUINA, BBEJIEHUH BO BJIaTajIu-
IIle BaTMHAJIBHBIX CBeuell U TabJIETOK C pa3IMYHbI-
Mu npenaparamMu. Cpenu HHTpaBarMHAJIBHBIX Jie-
KapCTBEHHBIX IPENapaToB JJisl JIEUEeHUs JaHHOH
[IaTOJIOTUU OOJIBIIYIO TOJII0 3aHUMAIOT CHHTETHYE-
CKHe IIpernapaTsl, B CBA3H C UeM, Ha HaIll B3IV, HH-
Tepec IPeACTABJISIOT IIPernapaThl IPUPOAHOTO IIPO-
HCXOXK/IEHUsI, 00JIaaloniue psloM IPEUMYIIECTB
[3]. /A jekapCTBEHHBIX IIpenapaToB PaCTHTEIb-
HOTO TIPOUCXOK/IEHHUsI XapaKTEPHBI IOJUBAJIEHT-
HOCTh U CUCTEMHOCTH (PapMaKOJIOTUUECKOTO JeH-
cTBUsA, 3PPEKTUBHOCTS B OE30IaCHOCTH IIPH JIJIU-
TEJIbHOM JI€YEeHUU, MUHUMAaJIbHbIe MOOOUYHBIE 5(d-
(beKTHI 1 BO3MOKHOCTD UCIIOJIH30BAHU S IJIsI UX ITPO-
HU3BO/ICTBA OTEUYECTBEHHOTO CHIPbs. B ¢BA3U ¢ 3TUM
pa3paboTKa HOBBIX JIEKAPCTBEHHBIX MIPEapaToB Ha
OCHOBE JIEKAPCTBEHHOT'O PACTUTEIHFHOTO CHIPhS I
MEeCTHOTO ITPUMEHEHU S CETOAHS SBJISETCA aKTyaIb-
HOH 3aJiauei.

IEJIb NCC/IEAOBAHUA

Nzyuenne ¢apmMakoIIOTUUECKOH aKTUBHOCTH
CYTIIO3UTOPUEB BarWHAJIBHBIX C T'YCTBIM 3KCTPaK-
TOM JIMCTheB Imasidess jekapcrBeHHoro (IAJIILJII)
Ha MOJIeJTi MHAyIupoBaHHoro Baruuura (I1B).

INTRODUCTION

Nowadays special attention is paid to treat-
ment of infectious and inflammatory gynecological
diseases which negatively affect women’s repro-
ductive health and quality of life [1]. Inflammatory
gynecological diseases most often begin with infec-
tious lesions of vulva and vagina. In recent years,
an increase in the incidence of women with cervi-
citis and vulvovaginitis has been noted. Nonspe-
cific vaginitis is registered in every fifth patient of
a gynecological profile. This pathology occurs in a
wide age range, while as a rule it develops against
the background of infectious diseases, exposure to
local damaging agents, decreased ovarian function,
endocrine pathology, immunodeficiency states [2].

Treatment of nonspecific vaginitis is directed
to rendering both local and systemic antiinflam-
matory, antimicrobial and recuperative influence.
Topical treatment consists of sanitation of external
genital organs and vagina, administration of vaginal
suppositories and tablets with various medicaments.
Among intravaginal medicines for the treatment of
this pathology a large proportion is occupied by
synthetic drugs, in this connection, in our opinion,
drugs of natural origin having a number of advan-
tages [3] are of interest. Herbal medicines are char-
acterized by multivalency and systemic pharmaco-
logical action, efficiency and safety during long-term
treatment, minimal side effects and possibility of
using domestic raw materials for their production.
In this regard development of new medicines on the
basis of medicinal plant raw materials for topical ad-
ministration is an urgent task today.

AIM OF THE RESEARCH
Studying of pharmacological activity of vagi-
nal suppositories with the garden sage leaves solid

extract (GSLSE) on model of the induced vaginitis
(v).

MATERIALS AND METHODS

The research was conducted on 36 white out-
bred mature female rats weighting 170.8 + 15.59 g.
The animals were kept and an experiment was con-
ducted according to the generally accepted recom-
mendations. The work meets the requirements of

90

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



doi: 10.31549/2542-1174-2020-1-89-99

Yunusova L.A. et al. / Journal of Siberian Medical Sciences 1 (2020) 89—99

MATEPHUAJIBI 1 METO/AbI

HccnenoBanue npoBoauiau Ha 36 Gesbix Gec-
IIOPOHBIX TIOJIOBO3PEJIBIX KPhICAX-CAMKAX MAacCOH
170.8 + 15.59 1. CoziepkaHue *KUBOTHBIX U IIPOBe/Ie-
HUe DKCIEPUMEHTA COOTBETCTBOBAJIHM OOIIETPUHSI-
TBHIM peKoMeHAanuaM. B pabore cobirogeHs! Tpe6o-
BaHUSA I'YMAHHOTO OOpAIlleHHsI C SKCIIEPUMEHTAIb-
HBIMH JKUBOTHBIMH [4, 5]. B aKcTIepuMeHTE UCIIOb-
30BaJII MUHUMAJIBHO JIOIYCTUMOE JJIsl CTATHUCTHU-
YeCcKOU 00pabOTKH U IMOJIyYEHUS JIOCTOBEPHBIX pe-
3YJIBTATOB OOIIENPUHATOE KOJIMYECTBO KUBOTHBIX
(o 6 B TpymIE).

JKuBoTHBIX pazzenuau Ha 6 TPYII: 1-s1 — KOH-
TpoJbHAsA (MHTAKTHBIE KPBICBL); 2-1 — HUHAYIIUPO-
BAHHBIA BAarWHUT; 3-f1 — WHAYIIUPOBAHHBINA Baru-
HUT + CYIIIO3UTOPHUU BaruHajbHble «MeTpoHHUIA-
30i1» (OO0 «AHkepo-CymaKeHCKUH XUMHUKO-(ap-
MalleBTUUECKUH 3aBO/I», Poccusi) B 7103e 43 MI/KT);
4-s1 — UHAYIUPOBAHHBIA BAaTUHUT + CYNIIO3UTOPUH
¢ obsiennxoBbIM MaciaoM (AO «HUXKDAPM», Poc-
cusl) B 103€ 43 MI/KT; 5-51 — UHAYIIUPOBAHHbBIN Ba-
TUHUT + CYNIIO3UTOpUU BaruHaiabHble ¢ [DJIILII B
JI03€ 4.3 MT/KT; 6-51 — UHAYIIUPOBAHHBIA BATHHUT +
+ cynmnosurtopuu BaruHasbHble ¢ ['DQJIIIJI B fose
8.5 mr/kr. Jlo3bl, IpHMeHseMble B HCCJIEeIOBAHUY,
PaCCUYUTHIBAIU C YUETOM HUCIIOIb3YEMBIX B DKCIIEPHU-
MEeHTaJIbHOU (apmakoaoruu K03GQUIHNEHTOB BU-
nosoi crorikoctu I0.P. PribostoBiiesa [6].

TepaneBTuyeckylo 3G(PEKTUBHOCT HU3YYaTH
Ha MOJeJIN WHIYINPOBAHHOTO BAaTMHUTA, KOTOPBII
BOCIIPOM3BOAIIIN ITyTEM OZHOKPATHOTO MHTPaBaru-
HQJIBHOTO BBEJIEHUS DKCIEPUMEHTAILHOMY *KUBOT-
HOMY (rororeHa (15% popmanun) B o3e 0.2 M1 [7].
Vccnemyemple mpenapaThl U IpenapaThl CPaBHEHUA
BBOJIMJIM UHTPABATMHAJIBHO 1 pa3 B CYTKH B TEUEHHE
3 CyT 110 BBeZieHUs (JIOTOTeHA U 7 CYT IOCJIEe BBeJe-
HUA. JJITUTebHOCTD BBEJIEHNS H3yUYaeMbIX ITpenapa-
TOB — 11 iHeH. [Tocste 3aBepIlIeHNsT MO/IETUPOBAHUS
BAaTWHUTA U BBEIEHUSA JIEKAPCTBEHHBIX ITPEIapaTOB
KpPBIC BBIBOJWJIN U3 SKCIEPUMEHTA M0 3DUPHBIM
HapKO30M, ITyTeM JIeKaIIUTAINH, U ITOJIyJIaau 00pas-
Il CIM3HCTOM 000 10ukny Baaranuina (COB).

JKCIEPpUMEHTATbHbBIE 00pa3Ibl QUKCHPOBAJIH B
10% pacTtBope dbopMasinHa, 00e3BOKUBAJIHU B CITUP-
TaxXx C BO3pACTAIOIIEeN KOHIIEHTPAIUed W 3aJIMBa-
Jii B m1apaduH, MocJIe Yero ¢ Kaxk/10ro 6J0ka ¢ TKa-
HBIO CTEHKU BJIATAJIUIIA KUBOTHOTO M3TOTABJIMBA-
JIV CepUUHBIE CPE3BI TOIIINHON 5 MKM. IIpemaparsl
OKpaIInBaIi reMaTOKCUINHOM U 303UHOM. MUKpo-
CKOIIMUECKOE UCCJIeIOBAaHNE BBITIOJIHSIOCH IIPU YBe-
JIMYEHUU 100 U 400 C IOMOIIBI0 MUKpPOCKoma Primo
Star (Carl Zeiss, I'epmanus).

MopdomeTpusi THCTOJOTHYECKUX IPENapaToB
HAYMHAJIACh CO CTEPEOMETPHUYIECKOTO UCCIIETOBAHMU S

humane treatment of experimental animals [4, 5].
The standard quantity of animals, minimum ad-
missible for statistical processing and obtaining
significant results (6 in a group) was used during
the experiment.

Animals were divided into 6 groups: the 1°t one
was control one (intact rats); the 2™ group was with
the induced vaginitis; the 3™ group was with the
induced vaginitis and vaginal suppositories Metro-
nidazole (Anzhero-Sudzhensk Chemical and Phar-
maceutical Plant, Russia) in a dose of 43 mg/kg;
the 4™ group was with the induced vaginitis and
suppositories with sea-buckthorn oil (Nizhparm,
Russia) in a dose of 43 mg/kg; the 5% group was
with the induced vaginitis and GSLSE vaginal sup-
positories in a dose of 4.3 mg/kg; the 6 group was
with the induced vaginitis and GSLSE vaginal sup-
positories in a dose of 8.5 mg/kg. The doses applied
in the study were calculated taking into account the
species resistence coefficients used in experimental
pharmacology by Yu.R. Rybolovlev [6].

The therapeutic efficacy was studied on model
of the induced vaginitis which was reproduced by
single intravaginal injection of phlogogen (15% for-
malin) to experimental animal in a dose of 0.2 ml
[7]. The studied drugs and the drugs of comparison
were administered intravaginally 1 time a day dur-
ing 3 days before the phlogogen injection and 7 days
after it. The duration of administration of the stud-
ied drugs was 11 days. After completion of model-
ing of vaginitis and administration of medicines the
rats were withdrawn from the experiment under
ether anaesthesia by decapitation, and the samples
of vaginal musoca (VM) were obtained.

Experimental samples were fixated in 10% for-
maline solution, dehydrated in ascending alcohol
series and embedded in paraffin. After that serial
sections of 5 um thick were made from each block
with vaginal wall tissue of an animal. The prepa-
rations were stained with hematoxylin and eosine.
Microscopic examination was performed at 100x
and 400x magnification with Primo Star micro-
scope (Carl Zeiss, Germany).

The morphometry of tissue specimens started
with stereometric study by means of Primo Star mi-
croscope at 400x magnification using spot counting
method. A grid of horizontal and vertical lines the
intersection of which formed 100 points was over-
laid on the computer image of a tissue specimen.
The number of points which fell within a structure
corresponded to the specific volume of this struc-
ture in the tissue [8].
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¢ IOMOIIBI0 MUKpockona Primo Star mpu yBemue-
HUU 400, C IPUMEHEHNEM METOZ[a «TOUETHOI0 cue-
Ta». Ha koMmbioTepHOe M300parkeHne THUCTOJIOTH-
YeCKOTO0 ITpernapara HaKJIabIBaaach CETKA U3 TOpHU-
30HTAJIBHBIX U BEPTUKAJIBHBIX INHUH, lTlepecedeHre
KOTOPBIX 00pa30BhIBAJIO 100 Touek. KosmuecTBo TO-
YeK, HAXOJUBIIHUXCA B CTPYKTYPE, COOTBETCTBOBAJIO
yIeJIbHOMY 00'beMY BTOH CTPYKTYPHI B TKaHHU [8].

MeTozi0OM «TOUYEUHOTO cYeTa» MPH 400-KpaT-
HOM YBEJIUYEHHU MHUKPOCKOIIA OIPeJesIsijoch
SIHUTEJINAIBHO-CTPOMAJIBHOE COOTHOIIEHHE (3I1H-
TEJUs U CTPOMBI COOCTBEHHOH IJIACTUHKU) CIIU3U-
CTOH BJjarajvina. B KakIod rpyIiie UCcieI0BaIu
10 ToJiell 3peHUs TUCTOJIOTHYECKHUX IIpelaparos,
YTO COCTAaBJIAJIO 1000 TOUYEK. PeructpupoBasivch
TOYKH, KOTOPbIE IPOEIMPOBAIUCH HA SIIUTEINATIb-
HYIO [IJIACTUHKY ¥ COOCTBEHHYIO IIJIACTUHKY CJIM3H-
CTO¥ 000JIOUKH.

Iy ompeziesieHus TOJIIIUHBI 3IIUTEINATBHO-
ro cjios Obla BBINOJIHEHA KOMITBIOTEPHAsA MOPQo-
MeTpHUsI ¢ TOMOIIIBI0 MUKpOCKoma Primo Star, mepco-
HaJIbHOTO KOMITBIOTEPA, BU/IEOPETUCTPATOPA U IIPO-
rpaMMbl aHa/IM3a n306pakeHuit AxioVision (Bepcust
4.8.2) Ipu 400-KpaTHOM YyBeJIMUEHHWH. B KaxaI0M
I10J1e 3pEeHMsI U3MEPSLIH 110 10 3HAYEHUU U YCPeHA-
J1 ux B rpymnne. IlosydeHHBIe pe3ysIbTaThl I03BOJIH-
JIH OTIPEZIETUTD CPETHIOIO TOJIIIUHY SIUTEINATbHOU
IUIACTUHKHY CIIU3UCTON 000JIOUKY BJIATAJIUINA C yUe-
TOM aKaHTOTUUECKHUX pa3pacTaHul B MUKPOMeETpax.

Cratuctuyeckyio o6paboTKy BceX HIHGPOBBIX
[IOKa3aTeyjiedl MPOBOAWIN C INPUMEHEHUEM IIpO-
rpamMHoro makera Microsoft Excel XP. Pesysbra-
THl MOP(GOMETPHUUYECKOTO HCCIIEZIOBAHUS TIPEJICTAB-
JIeHBI B BU7Ie MeZinaHbl (Me) 1 KBapTHUIIBHBIX HHTEP-
BaJIOB [QI_Q3]~ OTnuyusa MeXxJy IpylnnamMu cuuTa-
JIM CTATUCTUUYECKU JOCTOBEPHBIMU IPHU MPUHATOM
YPOBHE CTATUCTHYECKOHN 3HAUUMOCTH P < 0.05.
PE3YJ/IBTATDBI 1 OBCYKJIEHUE

IIpu 0630pHOI MUKPOCKOIIMHU CTPYKTypa CJIH-
3UCTOU ODOOJIOUKH BJIATaJIUINA Y MHTAKTHBIX KPBIC
cooTBeTcTBOBasia HopMme (puc. 1). IIpum mMopdome-
TPUYECKOM HCCJIeIOBAHUU TOJIIUHA SIUTEIUSI CO-
craBuia 61.9 [54.07—77.7] MkM. COOTHOIIIEHHE DITH-
TEJINAJIPHON M CTPOMAJIbHOH IIJIACTUHKHU CJTU3UCTON
BJIATAJIUIIA TPUOJIMKAIOCH K 1 : 1. [[pU3HAKOB 1MO-
BPEXKJIEHUS B SITUTEINHU He BBISBJIEHO (TabJIHIIa).

O pasButuu narosoruydeckoro mnporecca B COB
JKUBOTHBIX C MHAYITUPOBAaHHBIM BarMHUTOM, He TI0-
JIyYaBIINX JIeUYEeHUE, CBUAETEIHCTBOBAJ BBISBJIEH-
HBIH CyOTOTAJIBHBIN S3BEHHBIH JIe(PEKT pa3IuIHON
IyOWHBI U 3HAUUTEILHON IPOTSKeHHOCTH. [1o me-
pudepuu 30H HEKpPO3a U 3B B COXPAHUBIIEMCS B
eIUHUYHBIX IOJISIX 3PEHUS SIUTEJTUU OIIPeJesisi-

The epithelial and stromal ratio (an epithelium
and a stroma of lamina propria) vaginal mucosa
was defined by spot counting method at 400x mag-
nification of microscope. In each group 10 fields
of view in tissue specimens were examined which
made 1000 points. Points which were projected on
an epithelial layer and lamina propria of a mucous
membrane were registered.

For determination of thickness of an epithelial
layer the computer morphometry by Primo Star
microscope, personal computer, video recorder and
AxioVision images analysis program (version 4.8.2)
at 400-fold magnification was conducted. 10 val-
ues in each field of view were measured and aver-
aged in the group. The received results allowed to
determine the average thickness of epithelial layer
of vaginal mucosa taking into account acanthotic
growths in micrometers.

Statistical processing of all digital parameters
was carried out with use of the Microsoft Excel XP
software package. Results of morphometric re-
search are presented in the form of a median (Me)
and quartile intervals [QI—QS]. Differences between
groups considered statistically significant at the ac-
cepted level of the statistical significance p < 0.05.

RESULTS AND DISCUSSION

At the survey microscopy the structure of vagi-
nal mucosa in intact rats was normal (Fig. 1). In a
morphometric study thickness of epithelium was
61.9 [54.07—77.7] um. The ratio of epithelial and
stromal plate of vaginal mucosa was close to 1 : 1.
No signs of damage in the epithelium were revealed
(the Table).

The development of the pathological process in
the vaginal mucosa of animals with induced vagini-
tis that did not receive treatment was evidenced by
the revealed subtotal ulcer defect of various depth
and considerable length. Along the periphery of the
necrosis and ulcer zones, in single fields of view the
acantosis and acantolysis foci were determined in
the remaining epithelium (Fig. 2). The morphomet-
ric study revealed the thinning of the remaining
epithelium to 38.4 [31.1-52.0] um, and significant
prevalence of stroma over epithelium (see Table).

The morphofunctional study results of VM in
rats after treatment with GSLSE vaginal supposito-
ries in a dose of 8.5 mg/kg indicate the regeneration
of the epithelium throughout and the restoration of
the three-layer epithelium in most of the epithelial
layer. Dystrophic changes were detected in a small
number of epithelial cells. The degree of pathologi-
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Puc. 1. Ciiusucras 060I09Ka BJIaTJININA HHTAKTHBIX KPbIC:
A — HenOBpeKeHHas AIUTEINATIbHAS IUTACTUHKA (YB. 100); B — paszesieHre MHOTOCIOHHOTO IJIOCKOTO SITUTENIHA
Ha TpH cs104 (6a3aIbHBIH, TPOMEXKYTOUHBIH ¥ POTOBOI) U cOOCTBeHHAs (CTpOMasIbHAsA) IUTACTHHKA (YB. 400)
Fig. 1. The vaginal mucosa of intact rats:
A — undamaged epithelial plate (magnification (magn.) 100x); B — separation of the multilayer squamous epithelium
into three layers (basal, intermediate, and horny) and the lamina propria (stromal layer) (magn. 400x)

JICh OYaru aKaHTO03a U akaHTosnzuca (puc. 2). Mop-
(bomeTprueckoe uccaeoBaHNe BBISIBUJIO UCTOHYE-
HUE COXPAHUBIIIETOCS SMUTETHS 10 38.4 [31.1-52.0]
MKM, 3HAYUTEJbHOE NpeobsaZlaHue CTPOMBI HaJ
SIUTETHEM (CM. TaOJIHILY).

cal changes, circulatory disorders, the volume of
inflammatory infiltrates were significantly reduced.
At the same time, in comparison with the control
group, signs of hyperregeneration were registered,
in the form of basal cell hyperplasia and thickening

PesysibTaThl TUCTOJIOIMYECKOM U MOP(POMETPUUECKOI OIEHKH U3MEHEHUH CIIM3UCTON 060JIOUKH BJIaTaJIUINA KPBIC UC-
cJyieZloBaHHbIX rpyn (Me [QI—QS])
Results of histological and morphometric assessment of changes in vaginal mucosa in rats of studied groups (Me [Q,-Q,])

Tosmuua suuTe-
JINAJIBHOM IIJIa-
CTUHKH CJIU3UCTOMN

ANUTETHATBHO-CTPOMATIFHOE COoTHOIIeHME (%)
Epithelial-stromal ratio (%)

T'pynma / Group Biarajuma (MKkm) p -
Epithelial layer SIIUTE NN CTpoma IIPOCBET BJIara-
. epithelium stroma JTUIIA
ginal mucosa (um) vaginal lumen
Konutpossnas / Control — 61.9 [54.07—77.7] — 43.0[33.0—46.0] 56.5[45.5-62.0] 14.0 [10.25-18.75]
uB/1V 38.4 [31.1—-52.0] p,,<0.05 21.5[0.5-35.5] 65.5[46.0-77.5]  23.0[14.75—-30.0]
UB + MeTpoHU/Ia301 43.3 [34.7-55.6] P,,<0.05 325 [29.0-43.5] 56.0[40.75—-66.5] 17.0[12.5—22.5]
IV + Metronidazole P, ,<0.05
UB + cynno3utopun ¢ 68.3 [59.1-78.5] p,,<0.05 56.0 [46.5—70.25] 41.5[30.5—-47.75] 7.5[6.25—8.0]
T'9JIIIJI 8.5 mr p, ,<0.05
IV + GSLSE vaginal
suppositories 8.5 mg
UB + cynno3utopun ¢ 65.06 [38.2-89.4] p,;>0.05 38.0 [32.75—41.0] 51.5[48.75—-59.75] 15.0 [13.25—19.0]
T'9JIIILIT 4.3 mr p, ,<0.05
IV + GSLSE vaginal
suppositories 4.3 mg
UB + cynmoszutopun ¢ 76.6 [48.7-107.1] P, ,<0.05 53.0[37.0-68.0] 45.5[34.0-65.0] 9.0[7.25-12.5]
06JIETIX0BBIM MaCJIOM D, (< 0.05

IV + sea-buckthorn oil
suppositories
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Puc. 2. l'ucrosyioruueckre n3MeHeHNA IN3UCTOH 000I0UKY BIIarajIvIa KPbIC C NH/YIIMPOBAHHBIM BATHHUTOM 0€3 JIEUeHNUs:
A — cyOTOTaNIbHBIN I3BEHHBIN 1e(DEKT 3HAUUTETHHOHN MPOTIKEHHOCTH (YB. 100); B — HEKpO3, BocnasuTeIbHAS HHOUIb-
Tpanus (yB. 400); C — oyar akaHTO3a B SNUTEJINH 110 epudeprun 30H HeKpo3a U A3B (II0Ka3aH cTpeskoi) (yB. 400);

D — ouar akaHTOJIM3HCA B SIIUTEJINH 110 ITeprdepuu 30H HEKPO3a U A3B (II0Ka3aH CTPEIKOii) (YB. 400)

Fig. 2. Histological changes of the vaginal mucosa in rats with induced vaginitis without treatment:

A — subtotal ulcer defect of considerable length (magn. 100x); B — necrosis, inflammatory infiltration (magn. 400x);
C — focus of acanthosis along the periphery of necrosis and ulcer areas (shown by the arrow) (magn. 400x); D — focus
of acantholysis in the epithelium on the periphery of necrosis and ulcers (shown by the arrow) (magn. 400x)

Pesynpratel uccienoBaHusi MopodyHKIIHO-
HasibHOro cocTossHuA COB KpBbIC 1ocIe JleYeHus Ba-
TUHaJAbHBIMU cynnosutopusamu c¢ I'SJIIJ B gose
8.5 MI/KT CBUIETEJIBCTBYIOT O PEreHepaIii SIUTe-
JIVSl HA BCEM IPOTSIKEHUH U BOCCTAHOBJIEHUH TPEX-
CJIOMHOCTU BTIUTENA B OOJIBbIIEH YACTH SIUTEU-
aJIpbHOTO IIacTa. Juctpodruyeckrie N3MeHEHU s BbI-
SIBJISLIUCH B HEOOJIBIIIOM KOJIUYECTBE BIIUTETUAIIb-

of the epithelium layer to 68.3 [59.1—78.5] um, with
the predominance of the epithelial component over
the stromal one (see Table) (Fig. 3).

In the group of animals receiving GSLSE vagi-
nal suppositories in a dose of 4.3 mg/kg, at the time
of completion of the experiment, the epithelial sheet
structure was adjusted to the parameters of the
control group in absolute and relative values. Epi-
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Puc. 3. ['ucrosornyeckue U3MeHeHUsl CJIN3UCTOU 0O0JIOUKH BJIarajIUINa KPbIC,
ToJTy4aBIIuX cyrmno3utopuu ¢ 'AJIILI B noze 8.5 mr/Kr:
A, B — pereHepanus SIuTesIHA Ha BCeM IPOTKEHUH, BOCCTAHOBJIEHHE TPEXCIIOMHOCTH SITUTENNA
(A —yB. 100, B — yB. 400); C, D — 6a3a/IbHOKJIETOUYHAS TUIIEPIUIA3HUs U YTOJIIIEHHUE TTacTa SIUTETHA (YB. 400)
Fig. 3. Histological changes in the vaginal mucosa in rats treated with GSLSE suppositories in a dose of 8.5 mg/kg:
A, B — regeneration of epithelium throughout, restoration of three-layer epithelium (A — magn. 100x,
B — magn. 400x); C, D — basal cell hyperplasia and thickening of epithelium layer (magn. 400x)

HBIX KJIETOK. 3HAUUTEJbHO CHUKAJIUCH CTEIEeHb
MaTOJIOTUYECKUX U3MEHEHUH, HapylIeHUUd KpOBO-
obpameHus, 06’beM BOCIATUTEBHBIX UH(PUIBTPA-
TOB. OTHOBPEMEHHO, II0 CPABHEHUIO C I'PYIIIION KOH-
TpOJisA, ObLTM OGHAPY?KEHBI IPU3HAKY TUIIEpPereHe-
paiuu, B BUie 6a3aIbHOKJIETOYHOU THIIEPIIJIA3HU U
VTOJIIIIEHHs IIJIacTa snutenus ao 68.3 [59.1-78.5]
MKM, ¢ IpeobsalaHueM SIUTETHATBHOTO KOMIIO-
HEHTAa HaJl CTPOMAaJIbHBIM (cM. Tabsuiry) (puc. 3).

thelial thickness was 65.06 [38.2—-89.4] um with
that was close to normal epithelium and stroma ra-
tio of lamina propria of vaginal mucous layer. The
epithelial layer had a clear distribution into layers.
The cell substrate (horny scales, leukocytes, single
epithelial cells) in the vaginal lumen corresponded
the metoestrus phase of the oestrous cycle, indicat-
ing the restoration of morphofunctional activity of
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Puc. 4. T'ucrosorinueckrie u3MeHEHHsI CJIU3UCTON 000I0UKY BJIATAJIHINA KPBIC,
moJTy4JaBIux cyrmnozuropuu ¢ FDJIILI B 1o3e 4.3 Mr/Kr:
A, B — snuTesMabHBIH IJIACT C YETKUM PACIIPEIEJIEHUEM Ha CJION, OPOTOBEBIIIHE YEIyHKH,
JIEHKOIUTDI, €AMHUYHbIE SMTUTEIHAIbHbIE KJIETKU B IIPOCBeTe Biraranuiia (A — yB. 100, B — yB. 400);
C, D — BocCTaHOBJIEHHE TPEXCIOHHOCTH SIUTENIHA, MUHUMAJIbHbIE IPH3HAKHU ITOBPEK/IeHUA (YB. 400)

Fig. 4. Histological changes in the vaginal mucosa in rats treated with GSLSE suppositories in a dose of 4.3 mg/kg:
A, B — epithelial layer with a clear distribution of layers, horny scales, leukocytes, single epithelial cells in the
vaginal lumen (A — magn. 100x, B — magn. 400x); C, D — restoration of three-layer epithelium, minimal signs
of damage (magn. 400x)

B rpymnme XHMBOTHBIX, IOJTyYaBIINX BaTMHAJIb-
Hble cynnosutopuu ¢ ['QJIILJT B mo3e 4.3 MI/KT,
Ha MOMEHT 3aBepIIeHUs] JKCIEPUMEHTa CTPYKTY-
pa SIUTEJHNABHOTrO IIacTa MpUbIMKatach K Mo-
KasaTeJisM TPyl KOHTPOJIS B aOCOTIOTHBIX U OT-
HOCHUTEJIbHBIX BeJINYMHAX. TOJIIINHA SIUTEHS CO-
craBmia 65.06 [38.2—89.4] MKkM ¢ 6JIU3KUM K HOP-
Me COOTHOIIIEHHEM SIUTEJNA U CTPOMBI COOCTBEH-
HOHM IJIACTUHKU CJIM3UCTOTO CJIOS BJIaTaIHINA. Y
3IUTEJINAJIBHOTO IJIacTa OBLIIO YETKOE PacIpeieie-
HHe Ha cyou. KiteTouHbiil cyOcTpaT (OporoBesInme

the epithelium with the resumption of hormonal
dependent cyclic changes (Fig. 4).

After treatment with a reference medicine
(sea-buckthorn oil suppositories), animals experi-
enced prolonged epithelium regeneration with the
formation of spread acanthosis and thickening of
the epithelium to 76.6 [48.7—-107.1] um, dystrophic
changes of epitheliocytes and the focal basal hyper-
plasia was noted in the epithelium, although the
three-layer structure of the epithelium was gener-

96

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



doi: 10.31549/2542-1174-2020-1-89-99

Yunusova L.A. et al. / Journal of Siberian Medical Sciences 1 (2020) 89—99

Puc. 5. ['ucrosornyeckue U3MEeHEHUs! CIU3UCTON 000JIOUKH BJIAraJIUINA KPbIC,
ITOJIyYaBIINX CYIIIO3UTOPHH C O0IEITUXOBBIM MACIOM:
A, B — pacmpocTpaHeHHbI aKaHTO3 (IOKA3aHO CTPEJIKOH), YTOJIIIEHNE SIIUTEHS,
TUCTporUecKre N3MeHEHHUs AMUTETUOIUTOB, OuaroBast 6aszanpHas runepiuiasus (A — yB. 100, B — yB. 400)
Fig. 5. Histological changes of the vaginal mucosa in rats receiving sea-buckthorn oil suppositories:
A, B — extensive acanthosis (shown by the arrow), thickening of epithelium, dystrophic changes of epitheliocytes, focal
basal hyperplasia (A — magn. 100x, B — magn. 400x)

YemryHKHU, JIEHKOIUTHI, eIUHUIHbIE SIIUTEINAIIb-
HBIe KJIETKH) B IIPOCBETE BJIATAJIUINA COOTBETCTBO-
BaJI haze META3CTPYC SCTPAJIHHOrO IUKJIA, YTO CBU-
JleTeJIbCTBYeT O BOCCTAaHOBJIEHUU MOP(POPYHKIIUO-
HAJIBHON aKTHUBHOCTH SIHUTEJNS ¢ BO30OHOBJIEHU-
€M TOPMOHAJIPHO 3aBUCHUMBIX IIHKJIUUYECKUX H3Me-
HeHU# (puc. 4).

ITocse neueHus pedepeHTHBIM IIpenapaToM
(cynmozuTopuu ¢ 06JIEMUXOBBIM MacCIOM) Y KHUBOT-
HBIX OTMevaJsiach 3aTAKHAA pereHepanus SIIuTe s
¢ GOpMUPpOBAHHEM PACIPOCTPAHEHHOTO aKaHTO3a
U YTOJIIIIEHUEM 3IUTEIU 710 76.6 [48.7—107.1] MKM,
B BIUTEJINAJIBHOM IIJIaCTe OTMeYaJyIuch AUcTpodu-
yecKkye M3MeHEeHUs 3IUTEeINOIIUTOB, ouaroBas Oa-
3aJIbHaA TUIEPIIa3Us, XOTA B IIEJIOM TPeXCJIOHHAd
CTPYKTYypa SIUTEJTUAIBHOTO IJIacTa ObLaa BOCCTa-
HOBJIEHa HAa 3HAYUTEJILHOM IPOTSIKeHHH (puc. 5),
COOTHOIIIEHHWE CTPOMBI U BIUTEIUs ObLIO OJIU3KO K
1: 1 (cM. TabuIy).

B rpynne xpebic, MOIy4YaBIIUX IIpernapar cpas-
HeHUs1 «MeTpOHU/Ia3071», BBISIBJIEHA JIUTETU3a-
I[MS1 30H MOBPEXXIEHU I HA BCEM IIPOTSKEHU U, O/THA-
KO pereHepanus SIUTeJHsA Obljla HENOJIHOIEHHOMH,
BOCCTAHOBJIEHHE TPEXCJIOMHONW CTPYKTYpbI SIIUTe-
Jivs1 OBLIO YACTHYIHBIM, B OTAEIbHBIX MOJISX 3PEHUS
OIIPeJIesIsiIOCh 3HAYNTEbHOE KOJUYECTBO SIIUTe-
JIMOIUTOB C IUCTPODUUECKUMHU U3MEHEHUAMU (CM.
tabuiy). ToImHa SN TeTNaIFHOTO IJIACTa HE 10-

ally restored (Fig. 5), the ratio of stroma to epithe-
lium was close to 1 : 1 (see the Table).

In the group of rats receiving reference prep-
aration Metronidazole, epithelization of the dis-
trurbed areas was detected throughout, but the
regeneration of the epithelium was incomplete,
the restoration of the three-layer structure of the
epithelium was partial, and a significant number
of epitheliocytes with distrophic changes were de-
tected in fields of view (see Table). Epithelial layer
thickness did not reach the control group values
(43.3 [34.7-55.6] um). Moderate acanthosis was
observed (Fig. 6).

CONCLUSION

The following conclusions can be drawn from
the study:

1. Treatment with GSLSE vaginal suppositories
in a dose of 4.3 mg/kg contributes to the restora-
tion of VM of experimental animals with induced
vaginitis, which is confirmed by the results of the
morphological study of VM.

2. In terms of therapeutic action efficacy,
GSLSE vaginal suppositories are superior to ref-
erence preparations such as vaginal suppositories
Metronidazole and sea-buckthorn oil supposito-
ries.
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Puc. 6. I'ucrosiornyeckrie U3MeHEHHUA CJIM3UCTON 0D0JIOUKH BJIaTaIMIIA KPBIC,
[TOJIyYABIIHX IPEnapaT cpaBHeHUst « MeTpOHUIa30I1»:
A — sriuTenu3anys 30H MOBPEXK/EHHUS ¢ YaCTUYHBIM BOCCTAHOBJIEHHEM TPEXCIIOMHOU CTPYKTYPHI SruTestus (yB. 100);
B — ymMepeHHO BBIpa)KEHHBIN aKAHTO3, TUCTPODUIECKIE H3MEHEHHUS SIUTETHOIUTOB (YB. 400)
Fig. 6. Histological changes of the vaginal mucosa in rats receiving the reference preparation Metronidazole:
A — epithelization of the disturbed areas with partial restoration of the three-layer structure of the epithelium
(magn. 100x); B — moderately expressed acanthosis, dystrophic changes of epitheliocytes (magn. 400x)

cTHUTajIa TOKa3aTesield KOHTPOJIBHOW Ipynimbl (43.3
[34.7—55.6] MKM). OTMeUasicsi yMEPEHHO BhIPAKeH-
HBIN akaHTO3 (puc. 6).

3AK/IIOYEHUE

IIpoBefeHHOE WCCIENOBAHUE TIO3BOJISIET CJIE-
JIaTh CJIEAYIOIIHE BHIBOJIBI:

1. PapMakoTepanus JIeKApCTBEHHBIM IIpernapa-
TOM B BH/I€ CyIIIIO3UTOPHEB BarnHa bHBIX ¢ ['DJIIIJT
B 7I03€ 4.3 MI/KI' CIOCOOCTBYeT BOCCTAHOBJIEHHIO
COB skcriepuMeHTAIBHBIX JKUBOTHBIX C UHIYIIUPO-
BaHHBIM BarMHUTOM, UTO ITOATBEPIKIEHO pE3yJIbTa-
Tamu Mopdosioruueckoro ucciegopanusa COB.

2. Tlo 3ddeKTUBHOCTH JIeueOHOTO JIEUCTBHUS
cynmnosuropuu BaruHasiabHble ¢ I'DJIIIJI npeBocxo-
JUSAT IpenapaTsl CpPABHEHUSA — CYMIIO3UTOPHUH Baru-
HasibHBbIe «MeTPOHHU/Ia30J1» U CYMIIO3UTOPUH C 00-
JIETUXOBBIM MacJIOM.

3. [losydyeHHbBIE pe3ybTaThl JIAIOT OCHOBAHUS
JUIA JaJTbHEUIIEero yriayOJIeHHOTO M3YUYeHHUs] HOBO-
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HN3yuyeHue BbICBOOOKAEHUA IEHCTBYIOIIUX BEIECTB U3
reMOCTATHYECKOI0 CPeZiIcTBa HA THAPOPUIHLHON OCHOBE

Bapcykosa 10.H., Menbaukosa O.A.

@I'BOY BO «¥Ypanvckuil 2cocydapcmeeHHblil meduyuHckull yHusepcumem» Munadpasa Poccuu (Examepuxbype)

The study of the release of active substances from hemostatic agent
on hydrophilic basis

Barsukova Yu.N., Melnikova O.A.

Ural State Medical University (Yekaterinburg)

AHHOTAITUA

V3ydyeHa KMHETUKA BBICBOOOK/IEHUS JEHCTBYIOUIUX BeIlecTB (KMCIOTHI aMHHOKAIIPOHOBOH U XJIOPHJA JKeJje3a
(IIT)) 13 MATKOM JIeKapCTBEHHOU (POPMBI C BKJIFOUEHHEM B COCTAaB HAHOYACTHI] KeJsie3a u O6e3 ux BKJoueHus. Kuco-
Ty aMHUHOKAIIPOHOBYIO OIIPeZesIsiid METOJOM IIPSAMOU CIIEKTPOdOTOMETPUY IIPU JJINHE BOJIHBI 568 HM; XJIOPUJ, XKeJle-
3a (III) — oToMeTpHUUECKH IO PeaKI[UU KOMILJIEKCOOOPAa30BaHUs C CYIb(DOCATHIIUIIOBOM KUCTOTOH IPH /IJTHE BOJTHBI
510 HM. Basinzanus pazpaboTaHHONU METOAUKH IIPOBOIUJIACH IO TAKUM ITapaMeTpaM, KaK ClelupUIHOCTb, IIpe/iest 00-
Hapy’KeHUs, IIPeJieJl KOJIMYeCTBEHHOTI'0 OIIPe/IeIeHI A, IHHEHHOCTD, IIPABUJIBHOCTD, IPEIU3NOHHOCTD AHAJIUTUYECKOTO
MeTtoza. Hantyuiue pe3yapTaTsl 10 BEICBOOOK/IEHUIO IeCTBYIOIIUX BEllleCTB IIOJIy4YeHbl B 00pasiax Masel ¢ HaHo4a-
CTUIIAMU JKeJie3a — BBISIBJIEHO CTATUCTHYECKU JIOCTOBEPHOE OTJINYKE OT TIOKa3aTesiel BHICBOOOK/IEHUS U3 KOHTPOJIb-
HBIX 06pa3uos (p < 0.05).

Kaoueewvte caoea: reMocTas, KpuBasi BRICBOOOK/IEHHU S, HAHOYACTUIIBI, JIEKApCTBEHHAsT GopMa, BaTUAAIUS.

ABSTRACT

The kinetics of the release of active substances (aminocaproic acid and iron (III) chloride) from a semisolid
dosage form with and without inclusion of iron nanoparticles has been studied. Aminocaproic acid was determined
by direct spectrophotometry at a wavelength of 568 nm, iron (III) chloride was determined photometrically from
the complexation reaction with sulfosalicylic acid at a wavelength of 510 nm. Validation of the developed methods
was carried out by such parameters, as specificity, detection limit, limit of quantification, linearity, correctness,
precision of the analytical method. The best results on the release of active substances have been obtained in
samples of ointments with iron nanoparticles which was statistically significantly different from the parameters of
release from control samples (p < 0.05).

Keywords: hemostasis, release curve, nanoparticles, drug dosage form, validation.

BBEJIEHHUE

B Hacrosee BpeMsi NU3BECTHO MHOXKECTBO IIpe-
IapaToB ¥ UX KOMOWHAIUH, 00J1aTAI0NNX TeMOCTa-
THYECKON aKTUBHOCTBIO ITPU MECTHOU aIIIIJIMKAIIHH,
KOTOpbIE IITUPOKO HCIIOIb3YIOTCS MJis OCTAHOBKH
KPOBOTEUEHUH pas3judHOro Buja [1, 2]. OmHako re-
MOCTaTHYECKUX CPEJICTB JIJI OKa3aHUs KauyeCTBEH-
HOH JIEKApCTBEHHON MEAUIIMHCKOU MOMOIIH HEJ0-

INTRODUCTION

Nowadays there are many well-known prepa-
rations and combinations obtaining hemostatic ac-
tivity in local application which are widely used to
stop bleeding of various types [1, 2]. However, hemo-
static agents are not enough to provide high-quality
medicinal medical care [3]. The requirements for
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cratouHo [3]. K TpebGoBaHUSAM, IpEIbABISIEMBIM
K TaKUM CpPeJICTBAM, MOKHO OTHECH JIOCTATOYHYIO
3 dexTUBHOCTD, 6E30IIACHOCTD, MIPOCTOTY HCIIOJIb-
30BaHUSA U JOCTYIHYIO CTOUMOCTS [4]. IIpu paspa-
0OTKe cocTaBa IreMOCTaTUYECKOrO CpeJICTBa Opasiu
BO BHUMaHHe TOT (PaKT, YTO MOHBI TPEXBAJIEHTHOTO
JKeJie3a MPU KOHTAKTe C KPOBBIO BBI3BIBAIOT MTHO-
BEHHOE 0cazk/ieHne OeJIKOB KPOBH, TeM caMbIM Ghop-
MUPYs CTycTOK. Takke BEPOSTHOCTH PA3BUTHUS aJl-
JIEPTUYECKHUX PEeaKIINH Ha WOH JKeJjie3a KpalHe Hu3-
Kasl, BBU/Iy IIPUCYTCTBUS JAHHOT'O MOHA B OPTaHU3-
Me 4eJioBeKa [5]. AMMHOKAIPOHOBasi KMUCJIOTA B CO-
CTaBe JIEKAPCTBEHHOW (OpMBI MHTUOUPYET aKTHU-
BaTopbl NPOGUOPUHOTU3NHA ¥ TOPMO3UT €T0 IIpe-
BpaieHre B GUOPUHOJIU3UH; CTUMYJIUpPyeT obpa-
30BaHUE TPOMOOIIUTOB, CEHCUOMTU3UPYET TPOMOO-
[IUTApHBIE PEIENTOPhl K TPOMOWHY, TPOMOOKCAHY
A, ¥ Ipyr¥M 5H/IOT€HHBIM arperaHTaM; OKa3bIBaeT
CHUCTEeMHBIN reMocTaThueckuil 3pdeKT mpu KpoBo-
TEUYEeHUsX, OOYCJIOBJIEHHBIX ITOBBINNIEHHOU (UOpHU-
HOJIMTUYECKOM aKTHUBHOCTHIO IJ1a3MblI [6]. C 1esibio
yaydiieHusa GapMaKoJI0orniueckod akTHBHOCTH B CO-
CTaB JIEKAPCTBEHHOU (OpMBI OBLIIH BBEJIEHBI HAHO-
JacTHUIbI kesiesa [7, 8].

[IpeumyiriecTBOM MATKUX (HOPM /I OCTAHOB-
KU KPOBOTEUEHUH SABJISETCS yIOOCTBO U IPOCTOTA
IIpUMeHeHU ], pABHOMEPHOE HaHEeCEeHUEe Ha PAaHEBYIO
IIOBEPXHOCTH JII0O0TO pesibeda, UTO JAeT BO3MONK-
HOCTh TAIIMEHTaM CaMOCTOSTEJIbHO HAHOCHUTH Jie-
KapCTBEHHOE CPEJICTBO IIPU MECTHBIX KPOBOTEUEHU-
sax. CyienoBaresibHO, pa3paboTaH COCTaB MHOTOKOM-
ITIOHEHTHOTO CPEJICTBA, 00J1a/1AI0IIET0 AKTUBHBIM Te-
MOCTATHYECKUM (32 CUET BBEJIEHU S B COCTaB AMUHO-
KaIPOHOBOM KWCJIOTHI U XJIOPHJA JKeJie3a) U PaHO-
3aKUBJIAIOINNUM JelcTBreM (3a cueT BBeJeHUA Ha-
HOYACTHI] JKeJie3a) B MATKOH JIeKapCTBEHHOH dop-
me [9].

Ba)KHBIM IOKa3aTeJieM KauecTBa Mas3eid sBJIsi-
eTcsl CIIOCOOHOCTh 00ecIeYruBaTh OUOJIOTHUYECKYIO
JIOCTYITHOCTD JIEKapCTBEHHOTO BelrecTBa [10]. s
9TOTO JIOJIKHA OBITh OIlEHEHA CIIOCOOHOCTH JieKap-
CTBEHHOTO BEINECTBA K BHICBOOOXK/IEHHUIO U3 Mase-
BOU OCHOBBI.

IIEJIb UCCJIEJJOBAHUSA

3yueHne cTelneHu BBICBOOOXKIEHUS KUCJIOTHI
aMHUHOKAIIPOHOBOH 1 xj1opuza kesesa (III) uz msr-
KO JIeKapCTBEHHOU (DOPMBI C BKJIIOUEHNEM B COCTaB
HAHOYACTUI KeJjie3a METOZ0OM PaBHOBECHOTO JUa-
Ju3a.

MATEPHUAJIBI 1 METO/IbI

CocTas mccenyeMoro reMocTaTHIeCKOro Cpes-
CTBa IIPEJICTaBJIEH B TA0J. 1.

such means can include adequate efficiency, safety,
ease of use and affordable cost [4]. When develop-
ing the hemostatic formulation, the fact that fer-
ric ions in contact with blood cause instantaneous
precipitation of blood proteins, thereby forming a
clot, was taken into consideration. Also, the prob-
ability of developing allergic reactions to iron ion
is extremely low, due to the presence of this ion in
the human body [5]. Aminocaproic acid in the dos-
age form inhibits profibrinolysin activators and its
transformation to fibrinolysin; it stimulates platelet
formation, sensitizes platelet receptors to platelet,
thromboxane A, and other endogenous aggregates;
has systemic hemostatic effect in bleeding caused
by increased fibrinolytic plasma activity [6]. Iron
nanoparticles were added to the dosage form to im-
prove pharmacological activity [7, 8].

The advantage of semisolid dosage forms for
stopping bleeding is convenience and simplicity of
application, overall application on the wound sur-
face of any relief which allows patients to apply the
drug themselves in case of local bleeding. Therefore,
multicomponent formulation having active hemo-
static (owing to addition of aminocaproic acid and
iron chloride to the composition) and wound healing
effect (due to introduction of iron nanoparticles) in a
semisolid dosage form has been developed [9].

An important parameter of the ointments
quality is the ability to provide bioavailability of the
drug [10]. For this purpose, the drug release ability
from the ointment base must be evaluated.

AIM OF THE RESEARCH

Study of the release degree of aminocaproic
acid and iron (IIT) chloride from a semisolid dosage
form with iron nanoparticles by equilibrium dialy-
sis method.

MATERIALS AND METHODS

The composition of the hemostatic agent is pre-
sented in Table 1.

Equipment: analytical balances SE224-C (Sar-
togosm, Russia), GOST R 53228, ensuring accuracy
of single weighting with limits of permissible ab-
solute error not more than +0.5 mg; spectropho-
tometer SF-2000 (Biokey, Russia), absolute error
of wavelength setting +0.8 nm; photometer KFK-3
(Zagorsky Optical-Mechanical Plant, Russia), abso-
lute error of wavelength setting +3.0 nm.

Reagents: iron (III) chloride 6-hydrate (chemi-
cally pure (c.p.), Brom, Russia), GOST 4147-74;
aminocaproic acid (Polisintez, Russia), GOST 7850-
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TaGuuna 1. CocTaB reMOCTaTUYECKOTO CPEZICTBA
Table 1. The composition of the hemostatic agent

Wurpenuent / Ingredient

HopmaTtuBHas aokymenTanusa / Regulatory documentation

Macca, r / Weight, g

Kuciora aMmusOKanpoHosas
Aminocaproic acid

Xuopup sxenesa (I111)
Iron (III) chloride

[ToMA TUIIEHTIIKOIIb — 400
Polyethylene glycol — 400

IlomuaTHIEHTIUKOJIL — 1000
Polyethylene glycol — 1000

HanouacTuiisr Fe304
Nanoparticles Fe O,

®C.2.1.0001.15, I'® XIII uzn-e / PM.2.1.0001.15, SP XIII 5.0
T'OCT 7850-2013 / GOST 7850-2013

TV 2152-003-68879995-2014 / TC 2152-003-68879995-2014 5.0
I'OCT 4147-74 / GOST 4147-74

TV 2481-008-71150986-2006 / TC 2481-008-71150986-2006 74.4
TY 2481-008-71150986-2006 / TC 2481-008-71150986-2006 18.6

TOCT P 57909-2017 / GOST P 57909-2017 0.01

IIpumeuanue. ®C — papmakorneiinas crarhbs; ['® — FocymaperBennas papmakones; TY — texanyeckoe yciaosue; TOCT — Tocy-

Z[apCTBeHHbIﬁ cTaHgaprT.

Note. PM — pharmacopoeial monograph; SP — State Pharmacopoeia; TC — technical condition; GOST — Federal Standard.

Ob6opyodosarue: Becol anaautnyeckre CE224-C
(OO0 «Caprorocm», Poccus), TOCT P 53228, obe-
CIIEYNBAIOIIE TOYHOCTh OJTHOKPATHOTO B3BEIINBA-
HUS C OpeeaMu JIOIMYCKaeMOU abCOJIIOTHOU IT0-
rpemHocTH He 6oJiee +£0.5 MT; CIIEKTPOGOTOMETP
C®-2000 (buokeit, Poccust), abcomoTHAsA MOTPEII-
HOCTh YCTAHOBKU /JIMHBI BOJIHBI +0.8 HM; ¢doTo-
meTp KOK-3 30M3 (3A0 «3aropckuili ONTHKO-
MeXaHWu4YeCcKHH 3aBoi», Poccus), abcoroTHasA II0-
TFPENIHOCTh YCTAHOBKU JIJIMHBI BOJIHBI +£3.0 HM.

Peaxmusewt: xnopup xeiesa 111 6-BoHbIN (XU-
MuYeckn 4YHCTHIH (X. 4.)), OAO «Bpom», Poccus,
T'OCT 4147-74; xucnora amuHokanponosas (00O
«ITonucunres», Poccus), 'OCT 7850-2013; Boza
ountierHast, ®C.2.2.0020.15; MOJUITUIEHTIINKOIb
(ITAT) — 400 (TY 2481-008-71150986-2006), I13T'-
1000 (TY 2481-008-71150986-2006); CHUPT 3TUJIIO-
BbIH 95% (OO0 «['unmokpat», Poccus), ®C-000737;
numetupopmamuy (JIMOA) (x. 4., 000 «kOrpeak-
tuB», Poccus), 'OCT 20289-74; HUHTHAPUH (X. 4.,
00O «IOrpeaktuB», Poccus), ¢ MaccoBOH 0-
Jieli OCHOBHOTO BellleCTBa He MeHee 95 %; KHCJIO-
Ta ackopbuHoBas (x. 4., 000 «IlomucuHTes», Poc-
cus); HaTpuii (GocOpPHO-KUCIBIN JBy3aMeleH-
Heiii 12-Bogubill (OO0 «Xum», Poccus), I'OCT
4172-76; kaaui GocPOpPHO-KUCTBIA OHO3aMEIIEH-
ubiit (OO0 «IOrpeaktus», Poccus), TOCT 4198-75;
KHCJIOTA CyJIb(ocayunuioBas 2-sogHas (X. 4., 25%
pactBop, 3A0 «EpeBaHCKUI 3aBOJT XUMPEAKTUBOBY,
ApmeHusi); KBacipl kesezoaMMoHuiHble (JKAK)
(amctere, 3AO «HIIO 9KPOC», Poccus); kuciora
cepHas (X. 4., 0,05 M pactBop, OO0 «XuMHTEKC»,
Poccus); kucaora azotrHasa (x. 4., OO0 «XumTT»,
Poccus).

J1J1s1 u3yyeHu s BEICBOOOKJIEHU A JIEHCTBYIOIIUX
BelecTB (AMHUHOKAIIPOHOBOW KHCJIOTHI U XJIOPH-

2013; the purified water, Pharmacopoeial mono-
graph (PM).2.2.0020.15; polyethylene glycol (PEG)
400 (Technical condition (TC) 2481-008-71150986-
2006), PEG-1000 (TC 2481-008-71150986-2006),
95% ethyl alcohol (Hyppocrat, Russia), PM-000737;
dimethylformamide (DMF) (c.p., Ugreaktiv, Russia),
GOST 20289-74; ninhydrin (c.p., Ugreaktiv, Russia),
with a mass fraction of the main substance of not
less than 95%; ascorbic acid (c.p., Polisintez, Russia);
sodium phosphate dibasic 12-hydrate (Chim, Rus-
sia), GOST 4172-76; potassium phosphate monbasic
(Ugreaktiv, Russia), GOST 4198-75; sulfosalicylic
acid 2-hydrate (c.p., 25% solution, Yerevan Chemi-
cals Plant, Armenia); ferrous ammonium sulfate
(FAS) (pure, NPO ECROS, Russia); sulfuric acid
(c.p., 0.05 M solution, Himiteks, Russia); nitric acid
(c.p., Himtt, Russia).

To study the release of active substances (ami-
nocaproic acid and iron chloride) from the studied
composition, the method of equilibrium dialysis ac-
cording to Kréwcezynski was used [11]. Purified wa-
ter was used as the receiving solution. The choice
of release medium was due to the ability of the ac-
tive ingredients to easily dissolve in the solvent.
The system was thermostatted at 37 + 1°C, 5.0 ml
samples were taken after 10, 20, 30, 40, 50, 60, 90,
120, 150, 180, 240 min, 12 and 24 h, replenishing
the volume of the receiving solution.

The alloy of PEG-400 and PEG-1000 in ratio
4 : 1 selected earlier by Harrington’s desirability
function was used as the base of hemostatic oint-
ment. Values such, as organoleptic properties (ap-
pearance and consistency, smell, color); Casson
plastic viscosity, Pa - S effective viscosity, kPa;
quantitative content of active substances, %; par-
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Jla JKeJie3a) U3 U3y94aeMOI'o COCTaBa MCII0JIb30BaJI-
¢ METOJI PaBHOBECHOTO Jinain3a 1Mo KpyBUmHCKO-
My [11]. B xauecTBe MpreMHOr0 PacTBOPA IPUMEH -
Jlach BOJIa ouMIlieHHas1. BeI6op cpensl BLICBOOOK Ie-
HU s ObLJT 00YCJIOBJIEH CIIOCOOHOCTBIO JIEUCTBYIOIITHAX
BEIIECTB JIETKO PACTBOPATHCSA B JAHHOM PAaCTBOPH-
Tese. CucTeMa TepMOCTaTHPOBAJIACh MPHU TeMIle-
parype 37 + 1 °C, mpoObI 06EMOM 5.0 MJI OTOHpAa-
Ju 4yepes 10, 20, 30, 40, 50, 60, 90, 120, 150, 180,
240 MUH, 12 U 24 4, BOCIIOJIHAA 00'hEM ITPUEMHOTO
pacrtBopa.

B xauecTBe OCHOBHI TEMOCTATUUECKOU Ma3U HC-
nmosb3oBaH cmas I191-400 u I19I-1000 B cOOTHO-
IIEHUU 4 : 1, BBIODAHHBIA paHee MyTEM IIOCTPOE-
HUA QYHKLIUU KejaTeJIbHOCTU XappuUHITOHA. Ilpu
MMOCTPOEHUH JAHHOW KPHBOU Opasyd B pacueT Ta-
KHe€ TIOKa3aTeJIH, KaK OPraHOJIENITHYECKHE CBOHUCTBA
(BHENITHUH BU/I M KOHCUCTEHIIHS, 3al1aX, I[BET); IJIa-
CTUYECKas BABKOCTh Mojenu Kaccona, Ila - c; ad-
(pexTUBHAS BA3KOCTD, KI1a; KOJTUUECTBEHHOE COZIEP-
JKaHHe JIEUCTBYIONIUX BEIECTB, %; pa3Mep UYacTHI]
MSATKOH JIEKAPCTBEHHOH (OPMBI, MKM.

IKCIepUMEHT TPOBOMIIU TIO CJIETYIONIEH MEeTO-
JINKEe: B KOHUYECKYIO KOJIOYy 06heMOM 100 MJI ITOMe-
I[AJTA TOYHYIO0 HaBECKY 5.0 MJI UCCJIEAYEMOH KOMIIO-
3UIUU. PacTBOpsUIN ee B HEOOXOAUMOM OObeMe MO-
JIeJIBHOU cpeibl (Bojia ouninieHHast). O6'beM BObI OUH-
IIIEHHOM COOTBETCTBOBAJI TAKOMY KOJIMYECTBY, UTOOBI
HaBECKa Ma3Hu MOIJIA [IEPEXO/IUTH B PACTBOPEHHOE CO-
crosiure. Kosby ¢ pacTBOpoM IepeMennBaInu Ha BO-
JstHOH G6ane pu 37 °C co ckopocThio 50 00./MuH. Cre-
TIEHD U CKOPOCTH JIECOPOITHMH JIEKAPCTBEHHBIX BEIIECTB
(AMUHOKAITPOHOBOH KUCJIOTHI U XJIOPU/IA YKEeJIe3a) U3-
y4aju cieKTpoOoTOMeTpUUeCKH: U (POTOMETPUYECKU
cooTBeTcTBeHHO. OTOOP P06 /171 AHATH3A OCYIIECT-
BJISUTH Yepe3 OIpeJieJIEHHbIE IPOMEXKYTKH BPEMEHH,
OIIPEJIEJISIITA ONITHYECKYIO IIJIOTHOCTH PACTBOPA U BBI-
CUMTHIBAJIM KOHIIEHTPAIIUIO B MPOOE OTHOCUTETHHO
MOJIEJIBHOH CpeJibl. JJJIUTETbHOCTD SKCIIEPUMEHTA 10
HU3yYEeHHIO BBHICBOOOK/IEHUS JIEHCTBYIONIUX BEIECTB
coctaBusa 24 4. OUBIT IPOBOAWIIU C 5-KPaTHBIM I10-
BTOPEHHEM Ha TPeX HaBecKaxX Ma3d OJHOTO o0pasIia.
[TapaJiiesTbHO TTPOBOAVIIM KOHTPOJIBHBIN OIIBIT € Ma-
3bI0 6€3 HAHOYACTHI] JKeJIe3a.

Hamu ucnosb3oBasiach MOJeJb, IIPH KOTOPOM
KaXk/aa orobpaHHas mpoba aHAJIM3UPYEMOro pac-
TBOpa 3aMeHSIeTCSI CBeXKel Mopluued MOeTbHON
cpezbl TOTO ke oObeMa. Takas MOJIeTb TTO3BOJISET
MPUOJTUBUTHCS K PEaIbHBIM YCJIOBHSAM, KOT/IA YaCTh
JIEUCTBYIOIIETO BEIECTBA YXOAUT C KPOBOTOKOM B
OpraHu3M IalieHTa.

PE3YJIBTATBI 1 OBCYKJIEHUE

JlaHHbIe, TOJIyUeHHbIE B XOJ/I€ HCCJIEOBAHUS,
mpesicTaByieHbl B Tabs. 2. [To pesysbraTaMm SKcie-

ticle size of semisolid dosage form, um, were taken
into account in constructing this curve.

The experiment was carried out according to the
following procedure: a precise weight of 5.0 ml of the
test composition was placed in a 100 ml conical flask.
It was dissolved in the required volume of model me-
dium (purified water). The volume of purified water
was such that the ointment can be dissolved. The so-
lution in the flask was mixed in water bath at temper-
ature up to 37°C with 50 rotations per minute. The de-
gree and desorption rate of drugs (aminocaproic acid
and iron chloride) was studied by spectrophotometry
and photometry respectively. Sampling for analysis
was performed at predetermined intervals, the opti-
cal density of the solution was determined, and the
concentration in the sample was calculated in refer-
ence to the model medium. The duration of the exper-
iment to study the release of active substances is 24 h.
Control test with ointment without iron nanoparticles
was carried out in parallel.

The authors of the article used a model in which
each sample of the analyzed solution was replaced
with a fresh portion of the model medium of the
same volume. Such a model allows to approach real
conditions when part of the active substance leaves a
place and goes to the patient’s body with blood flow.

RESULTS AND DISCUSSION

The data from the study are presented in Table 2.
According to the results of the experiment, the corre-
sponding kinetic curves are built (the Figure).

According to the Figure, the kinetic curve of the
active substances release on time at the initial stage
of the experiment does not reach high values. Grad-
ual increase of substance concentration in dialysate
within the first hours of the experiment is observed:
46.89% (2.3445 + 0.106 g) of aminocaproic acid
and 62.08% (3.1040 + 0.091 g) of iron chloride was
released in the first hour, 79.75% (3.9875 + 0.175 g)
and 96.94% (4.8471 + 0.063 g) respectively were re-
leased in 4 h, and after 12 h the release was 85.24%
(4.2620 + 0.173 g) and 98.56% (4.9281 + 0.051 g)
respectively. The following dependence has been
revealed: iron chloride is more fully and quickly re-
leased, aminocaproic acid is characterized by slow
and longer release. The pharmaceutical availability
in the control samples is rather low. Thereby, the
following conclusion can be drawn concerning the
role of iron nanoparticles in the composition of the
semisolid dosage form, namely that they provide a
prolongation of hemostatic effect.

Thus, in the course of the experiment, it was
found that the developed composition of hemostatic
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TaGuuna 2. BeicBoO0XK/IeHHE JIEUCTBYIOIIUX BEIECTB U3 T€MOCTATHYECKON Ma3H ¢ HAHOYACTUIIAMY — KOHI[EHT DAL

BellecTBa B luajin3are

Table 2. Release of active substances from hemostatic ointment with nanoparticles — concentration of substance in

dialysate
Bpems, AMMHOKaIIpOHOBas AMMHOKaIIpOHOBAs XJopup xkeae3a
- KHCJIOTa XJopu/ Jkee3a KHUCJI0Ta (KOHTPOJIB) (KOHTPOJIB)
Time, Aminocaproic acid Iron chloride Aminocaproic acid (control) Iron chloride (control)
s % r/g % r/g % r/g % r/g
10 10.31 0.5155 + 0.185 21.84 1.0920 £ 0.196 9.91 0.4955 + 0.212 13.18  0.6590 + 0.041
20 25.54 1.2271 + 0.091 30.96 1.5481+0.153 10.76 0.5380 + 0.067 20.46 1.0230 + 0.012
30 32.64 1.6322 + 0.035 41.58 2.0797 £ 0.091 20.90  1.0450 + 0.012 25.28  1.2640 + 0.206
40 35.24 1762+ 0.012  45.35 2.2675+0.041 35.42 1.7710 £ 0.075 30.39 15195 + 0.012
50 42.25 2.1132+0.135 55.87 27935+ 0.155 41.75 2.0875 + 0.206 35.58 17791 £ 0.012
60 46.80  2.3445+ 0.106 62.08 3.1040 £ 0.091 42.50 2.12095 + 0.173 39.19  1.9595 + 0.012
90 52.46 2.6230 + 0.196 70.65 3.5325 + 0.098 45.50 2.2750 + 0.206 41.56 2.0782 + 0.061
120 59.51 2.9755 £ 0.041 80.96 4.0480 £+ 0.075 50.25 2.5125 + 0.197 43.56 2.1780 £ 0.154
150 66.10 3.3050 £ 0.061 90.58 4.5201 + 0.173 52.87 2.6435 £+ 0.090 45.25 2.2625 + 0.173
180 75.83 3.7915 £ 0.075 96.86 4.8432 + 0.169 53.15 2.6575 + 0.019 49.05 2.4525 + 0.041
240 79.75 3.9875 £ 0.175 06.94 4.8471+0.063 50.86 2.5430 £ 0.0901 50.78  2.5390 + 0.012
720 85.24  4.2620 + 0.173 98.56 4.9281 + 0.051  49.47 2.4735 + 0.206 48.57  2.4285 + 0.061
24u/h 89.85 4.4925+0.196 98.95 4.9475+ 0.041 48.58  2.4290 + 0.029 46.59  2.3205 + 0.019

PHUMEHTA OCTPOEHBI COOTBETCTBYIOIHE KUHETHYE-
CKHe KpPUBbIE (PUCYHOK).

Kak BU/THO U3 PUCYHKA, KHHETHYECKAS KPUBas
3aBHCUMOCTH BBICBOOOKJIEHUSA JEHUCTBYIOIIUX Be-
IECTB OT BPEMEHM HAa HAYaJIbHOM 3Talle SKCIEPH-
MeHTa He JOCTUTaeT BRICOKMX 3HaueHuii. Habaroma-
eTcs MMOCTeleHHOe HapacTaHWe KOHIIEHTPAIlMU Be-
[eCTBa B UAJIN3aTe B TEUEHUE TIEPBHIX YACOB IIPO-
Be/IeHU SKCIIEpUMEHTA: 3a MEPBBIH yac BBICBOOO-
IUII0ch 46.89 % (2.3445 + 0.106 T) aMHHOKATIPOHO-
BOU KHUCJIOTHI U 62.08 % (3.1040 £ 0.091 T) XJIOPH-
Jla Jkejesa, uyepes 4 4 — 79.75 % (3.9875 + 0.175 1)
u 96.94 % (4.8471 + 0.063 T) COOTBETCTBEHHO, a
yepes 12 U BBICBOOOXK/IEHHE cocTaBuiIo 85.24 %
(4.2620 + 0.173 1) 1 98.56 % (4.9281 + 0.051 T) COOT-
BETCTBEHHO. BhIsIB/IeHA cileaiyioniasi 3aBUCUMOCTb:
6oJiee TIOJTHO U OBICTPO BBICBOOOKIAETCS XJIOPH]
JKese3a, JIJIs aMAHOKAIIPOHOBOM KHUCJIOTHI Xapak-
TEepPHO MeJIJIEHHOE U 60JIee JI0JIT0e BHICBOOOXKIEHNE.
dapmanieBTUYECKasl JOCTYITHOCTh B KOHTPOJIbHBIX
o0pasIax JOCTaTOYHO HU3KAsl — K3 3TOTO MOXKHO
c/leJIaTh BBIBOJT O POJIM HAHOYACTHUI] KeJjie3a B CO-
cTaBe MATKOU JIEKaPCTBEHHOU (hOPMBbI, 8 UMEHHO O
TOM, YTO OHH 00EeCIIeYnBAIOT TPOJIOHTUPOBAHHUE Te-
MocTaTuueckoro addekra.

Takum o6paszoM, B XO/e SKCIIEpUMEHTa ycTa-
HOBJIEHO, YTO pa3pabOTaHHBIA COCTAaB reMOCTATH-
YEeCKOW Ma3W ¢ HAaHOYACTUIIAMH PAaBHOMEDHO BbI-

ointment with nanoparticles evenly releases the ac-
tive substances within 24 h.

In order to objectively control the release rate,
quantification techniques need to be adapted to
the determination of the substance in dialysate.
Statistical processing of the results was carried
out in accordance with the general pharmacopoeia
monograph (GPM) “Statistical processing of exper-
imental results” (State Pharmacopoeia (SP) XIV,
GPM.1.1.0013.15). The technique is validated in ac-
cordance with GPM “Validation of analytical meth-
ods” (SP XIV, GPM.1.1.0012.15) based on param-
eters of specificity, linearity, correctness, precision.

Quantitative determination of aminocaproic acid
in samples was carried out by the adapted method of
direct spectrophotometry at wave length of 568 nm
according to the method developed by the authors
[12]. The data obtained as a result of the spectropho-
tometric aminocaproic acid determination and their
statistical treatment are presented in Table 3.

The quantitative determination of iron (III)
chloride in the samples was carried out photomet-
rically by the complexation reaction with sulfosali-
cylic acid at the wave length 510 nm according to
the method described in [13]. The results obtained
in the process of the photometric determination of
iron chloride and their statistical analysis are pre-
sented in Table 4.
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CBOOOK/IaeT JIEWCTBYIOIINE BEIIECTBA B TEUYEHUE
24 4acosB.

17151 00BEKTUBHOTO KOHTPOJISI CKOPOCTHU BBICBO-
00XKEHIsI METOAUKH KOJTUYECTBEHHOTO OIpeiesie-
HUSA HEOOXO[MMO aJJaliTUPOBATh K OIpPE/eJIEHUI0
BelllecTBa B Auasusarte. CTaTUCTHYECKYIO 0O6paboT-
KY p€e3yJIbTaTOB IPOU3BO/IUJINA B COOTBETCTBHUU C 00-
men dapmakoneitnoit crarbeir (O®C) «CrarucTu-
yeckass 00OpaboTka pe3yJIbTaTOB OKCIEPUMEHTAa»
(I'd X1V, O®C.1.1.0013.15). MeTozKa BaIuUpOBa-
Ha B cootBercTBur ¢ OPC «Banuganusa aHaIuTHde-
ckux MeToauk» (I'® XIV, O®C.1.1.0012.15) 110 I0Ka-
3aTesAM CHenubUIHOCTH, JIMHEHHOCTH, PABUIb-
HOCTH, IPEIU3UOHHOCTH.

KosmuecTBeHHOE OIpe/iesieHre aMHUHOKAIIPO-
HOBOM KHCJIOTHI B ITP06aX OCYIIECTBJIAIN aIalTH-
POBaHHBIM METO/IOM IIPAMOU CIEKTPO(OTOMETpUH
[IpH JIJTMHE BOJIHBI 568 HM 110 pazpaboTaHHOU HAMU
Metonuke [12]. [TosryueHHBIE B pe3ysIbTaTe CIEKTPO-
(oromeTpruecKOro OnpeiesIeHN s KUCIOThI aMHHO-
KaIllPOHOBOU JIaHHbIE U UX CTaTHCTHUYECKast obpa-
0oTKa ImpejcTaBJIeHbI B Ta0JI. 3.

KosinuecTBEeHHOE OIIpe/iesieHNE XTI0PU/IA XKeJle-
3a (III) B mpob6ax ocyuiecTBIIsIN (POTOMETPUUECKH
II0 peaknuu KOMILJIEKCOOOPa30BaHUA C CysIbdoca-
JIITUJIOBOM KUCJIOTOU MIPH JIJIMHE BOJIHBI 510 HM IO
MEeTONKe, U3JIOXKeHHOU B [13]. Pe3ysbraThl, mosy-
YeHHbIe B pe3yJbrare (POTOMETPUUECKOTO OIpese-
JIEHU S XJIOPU/IA JKeJle3a, U UX CTaTUCTHYecKas obpa-
60TKa IpejcTaBjIeHbl B TA0JI. 4.

CONCLUSION

The kinetics of the release of active substances
from the hydrophilic base, which is a mixture of
PEG-400 and PEG-1000 in the ratio of 4 : 1, was
studied by the method of equilibrium dialysis ac-
cording to Krowczynski. The best results on the re-
lease of active substances were obtained in samples
of ointments with iron nanoparticles: the staticti-
cally significant difference in the release parameters
from the control samples was proved (p < 0.05).
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3AK/TIOYEHHNE

MeTos0M paBHOBECHOTO Auaan3a o KpyBunH-
CKOMY HCCJe/lOBaHa KHUHETUKA BBICBOOOMKIEHUS
JIEUCTBYIOIIUX BEMECTB U3 TUIPOGUIBHON OCHOBBI,
MpeicTaBsAIoNel coboit cmech IIOI-400 u I19T-
1000 B COOTHOIIIEHUH 4 : 1. Hanaydriue pesysibra-
TBI IO BEICBOOOKIEHUIO JIEHCTBYIOIIUX BEIECTB I10-
JIyueHbI B 0Opasnax Maszedl ¢ HAHOUACTHUI[AMU Ke-
Jieda — YCTAHOBJIEHO CTAaTUCTHUYECKU JIOCTOBEPHOE
OTJINYHE OT IIOKa3aTesed BHICBOOOXKIEHU U3 KOH-
TPOJIBHBIX 06pasmos (p < 0.05).
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Ta6auna 3. Craructudeckasi 06pab0TKa pe3yJsIbTaToB CIEKTPO(POTOMETPUUECKOTO OIIPE/IeIEHUS] AMHUHOKAIIPOHOBOK
KHCJIOTHI B reMocTaTudeckoM cpeactse (P = 95 %; n = 6)

Table 3. Statistical analysis of the results of spectrophotometric determination of aminocaproic acid in hemostatic
agent (P = 95%; n = 6)

Howmep o6pasia ) A, M, r X, r ch, Iy AX e % ch + AX
Number of sample A, Mg X, g X.,8 X +AX
1 0.2014  0.20922 0.0480 4.9875
2 0.2015  0.2922 0.0502 4.9869
3 0.2016  0.2922 0.0510 4.9888
4.9875 0.0028 0.0567 4.9875 + 0.0567
4 0.2018  0.2923 0.4994 4.9917
5 0.2015  0.2923 0.4975 4.9861
6 0.2013  0.2922 0.5012 4.9837

llpumeyanue. P — BeIMYMHA JIOBEPUTEIBHOTO HHTEPBAJIa; N — YUCJIO MapajlesIbHBIX OIpe/ieJieHUi; A — omTHdecKas ILJIOT-

HOCTb o6pa3ua; ACT — OIITHUYeCKas IIJIOTHOCTb CTaHJAapTa; M ., — MaccCa HaBE€CKHM CTaH/JlapTa; X — KOJITUYeCTBEHHOE CoZiepKaHue aMUuHO-

¢
KaIpOHOBOH KUCJIOTHL B 06pasie; X, — cpe/iHee 3HaYEHNE KOJIMIECTBEHHOTO CO/IEpIKaHMsl aMUHOKATIPOHOBOH KUCIOTHI B 06pasuax;
AX — noBepUTEIBHBIH HHTEPBAJT; € — OTHOCHTEJIbHAS OLINOKA Pe3yIbTaTa OTAEIBHOTO ONIpe/iesIeHU .

Note. P — value of the confidence interval; n — number of parallel determinations; A — optical density of the sample; A  — opti-
cal density of the standard; M_, — the mass of the standard weight; X — amount of aminocaproic acid in the sample; X, — average

amount of aminocaproic acid in the samples; AX — confidential interval; € — a relative error of result of individual determination.

Tab6auna 4. Crarucruueckas 06paboTka pe3yibraToB OTOMETPHUECKOTO OIIPE/IE/IEHU S HOHA KeJle3a B TEMOCTaThye-
ckoMm cpezicte (P = 95 %; n = 6)
Table 4. Statistical analysis of the results of iron ion photometric determination in hemostatic agent (P = 95%; n = 6)

Howmep ob6pasma A C (Fe), mr/mn X, r/min ch, /M AX . % ch + AX
Number of sample x C (Fe), mg/ml X, g/ml X, ., g/ml ’ X +AX
1 0.885 0.0786 0.0491
2 0.874 0.0770 0.0481
3 0.878 0.0776 0.0485
0.0487 0.0004  0.8321  0.0487 £0.0004
4 0.884 0.0785 0.0490
5 0.879 0.0778 0.0485
6 0.883 0.0783 0.0489

IlpuMeuaHnue. P— BeJMYHHA JOBEPUTEIHLHOTO HHTEPBAJIA; N1 — YHCJIO AapaJIIe/IbHEIX ONIPe/IeIeH i; A — ONTHYecKas IJIOTHOCTD
obpasua; C (Fe) — KOHIIEHTPAINS HOHOB JKeJIe3a, BEIUNC/IEHHAS C MCIO0JIb30BAHUEM IPAZyHPOBOYHOrO rpaduka; X — KOHIIEHTPALIHS
HMIOHOB KeJle3a B 06pasie; X, — cpe/iHee 3HaUeHHe KOJIMYECTBEHHOTO CO/IepIKaHNsl HOHOB XKeJle3a B 06pasnax; AX — JoBepHTe IbHbLH
HMHTEPBAJI; € — OTHOCUTEJIbHAS OMIMOKA PE3yJIbTaTa OTAEIbHOTO OIPE/IEIEHUSL.

Note. P — value of the confidence interval; n — number of parallel determinations, A — optical density of the sample; C (Fe) —
concentration of iron ions calculated using a calibration graph; X — concentration of iron ions in the sample; X, — average value of
the quantitative content of iron ions in the samples; AX — confidential interval; € — a relative error of result of individual definition.
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AHHOTAIIA

PazBuTHE COBPEMEHHOU TUPEOUIOJIOTHH IIPEIIOIATAET MOSIBJIEHHE HOBBIX TEPMHUHOB, JUATHOCTUYECKUX KPHUTE-
pueB, kiaccudUKaNN U KJIMHUYECKUX PEKOMEH/IAIINH 10 JIeYeHU 0 3a00JIeBaHUH IUTOBU/THOM KeJie3bl. B HacTosIem
0630pe pacCMOTPEHBI HOBbIE KIacCu(pUKAIIMH OMYyX0JIeH U y3JI0BBIX 00pa30BaHUM ITUTOBU/THOH JKeJIe3bl, IIPe/iCTaBIeHa
HX 4aCTOTa U 0COOEHHOCTH TUATHOCTUKH B JIETCKOM BO3pACTe.

Kroueeswnle cnro8a: MUTOBU/THAS JKeJle3a, Ktaccu(uKanuy 3a007IeBaHUH IIIUTOBHU/THOM 3KeJIe3bl, TAPEOUTHAS ITATOJIOTHS.

ABSTRACT

The development of modern thyroidology involves the emergence of new terms, diagnostic criteria, classifications,
and clinical guidelines for the treatment of thyroid diseases. This review considers classifications of tumors and nodules of
the thyroid gland and presents their frequency and diagnostic characteristics in childhood.

Keywords: thyroid gland, classification of thyroid diseases, thyroid pathology.

BBEJAEHHNE

HecmoTpss Ha omnpenes€HHbIE YCIEXH COBpeE-
MEHHOH TUPEOHU/IOJIOTHH, B OT€UEeCTBEHHO! JIUTEPa-
Type MPOAOJIKAET 00CYK/AATHCA IMIUPOKUN KPYT BO-
MIPOCOB: TEPMUHOJIOTH S, KDUTEPUU TUATHOCTUKHU U
kJaccupuKanuu 0oJie3HEH IIUTOBUJTHOU >KeJIe3bl
(II2K) [1—4]. IIpu sTOM BKJIIOUEHHE 3a00JIeBaHUU
17K B MKB-10 B 0/1iH KJ1acC € pacCTPONCTBAMH ITH-
TaHWUSA U HAPyIIEeHUSIMU OOMeHa CKPbIBAET HCTHH-
HYIO 4aCTOTY THPEOUTHOH maTojorui [5, 6]. B Poc-
cuiickorl esepaniui NpUHATA KJIMHUUYECKas KJac-
cudpukanusa N.U. [leoBa, mocTpoeHHAsI HA OIEHKE
¢yuxuonanpHoit aktuBHocTH XK. OgHako nHOMU

INTRODUCTION

Despite advances in modern thyroidology,
Russian researchers continue discussing a wide
range of issues: terminology, criteria for the diag-
nosis and classification of the thyroid gland (TG)
diseases [1—4]. Moreover, the inclusion of TG dis-
eases in ICD-10 in one class with nutritional and
metabolic disorders hides the exact frequency of
thyroid pathology [5, 6]. In the Russian Federation,
there is the clinical classification of I.I. Dedov based
on the assessment of the functional activity of TG.
However, there is no other generally accepted inter-
national classification of TG pathology [7].
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OOIIENPUHATON MEX/IyHAPOAHOH KjaccupuKauu
nartoJsioruu 2K mer [7].

AKTyaJIbBHOCTh IE€PECMOTpA KJIacCupUKaIu-
OHHBIX U JIUATHOCTUYECKUX IOAXO/OB K 3aboseBa-
HusaM 2K nukryercs HEOOXOAUMOCTBIO yUeTa Co-
BPEMEHHBIX HAYYHBIX M MPAKTHYECKUX JAHHBIX
JUTSL JIOCTUKEHUST KOHCEHCYCa B TPAKTOBKAX MeEK-
Jly BpauaM¥ Pa3HbBIX clenuaabHocTel. Tak, oTcyT-
CTBYeT eUHBIA MOAXOJ K TEPMUHY «y3JIOBOH 300»
[1, 4, 5, 8—10]. B MKB-10 y3J10B0# 300 Ipe/icTaBJIeH
B IV kjacce B pyOpHKax: «HETOKCHYECKHH OZ[HO-
y3710B0H 300» (E04.1) U «TUPEOTOKCHKO3 C TOKCH-
YEeCKUM OTHOY3JIOBBIM 3000M» (E05.1), «THPETOKCO-
KO3 C TOKCUUYECKUM MHOT0Y3JI0BbIM 3000M» (E05.2)
[6]. CoracHO TaTOJIOTO-aHATOMUYECKUM KPUTEPH-
sIM, «y3JIOBOH 300» — IIATOJIOTMYECKOE YBEeJTHUEHUE
7K, cBA3aHHOE ¢ 04aroBo# (y3JI0BOI) THIIEPILIA-
3uel U/ Win runeptpodueil ee mapeHXUMBbI, KOTO-
poe cielyeT OTINYaTh OT OYarOBBIX 300HBIX U3Me-
HeHUH 6e3 MHKATICYJIAIUH [1, 4, 5]. C MO3UITUT KIU-
HUYECKOU MEUIIMHBI B IOHSATHE «Y3JI0BOH 3006» OT-
HECEHBI BCe y3JIOBbIe 0Opa30BaHUs OpraHa (BKJIIO-
yasi HOBOOOPAa30BaHMUA), B TOM YHCJIE HEOOA3ATEb-
HO BeJIyIlHe K YBeJIUUYeHUI0 ero oobema [3—5, 8—10].
IMosTOMY AJIsi UTOJIOTUYECKON OLEHKHU Pe3ysIbra-
TOB TOHKOUTOJIbHOH acIIPaIMOHHOH ITyHKITUOHHON
6uoricuu y3yioBeix obpazoanuii 12K B CIIIA 6p11a
paspaborana kaccudukamus The Bethesda System
For Reporting Thyroid Cytopathology (TBSRTC) ¢
6 KaTErOpUsAMU ITUTOJOTUUECKOTO 3aKJI0UeHus [11].
C 2015 1. TBSRTC pexomeH10BaHa K IPUMEHEHUIO
Ha Tepputopun Poccuiickoit ®enepanuu [12]. Bme-
CTe ¢ TeM IMOKA3aHO, UTO B 15 % CJIy4aeB pe3yJIbTaThl
TOHKOUTOJIbHOH acIPauOHHON MyHKITUOHHOM OU1-
oricuu HeziocToBepHHI [3]. Kpome Toro, nutosormnye-
CKOe 3aKJIloueHue ¢ ykazanueM IV-V kareropuii o
TBSRTC (bonmukynapHas HeOIIA3U s/ IOZ03pEHTE
Ha Hee W Ha 3JI0KAUeCTBEHHOE HOBOOODPAa30OBaHUE)
II03BOJISIET TOJIBKO PEIIUTH BOIIPOC O HEOOXOAUMO-
CTU XUPYPTrAUYECKOTO JIEYEHHUsI U He YCTaHaBJIMBA-
eT HO30JIoTHYecKyto enuHuIy [13]. IToaTtomy Bepu-
dukanusa narosorun 2K ocraeTcss mpruOpUTETOM
[IaTOJIOTO-aHATOMUYECKOTO HCCJIEJIOBAHUS, & JTHa-
CHOCTUKY TUPEOH/IHBIX OIyXOJIEH OTHOCAT K OZ[HO-
My U3 HauboJIee CIIOKHBIX PA3/IesIOB MaToMopdosio-
ruu [1, 14].

B mocsiefHUN MEPECMOTP THCTOJIOTHYECKON
kiaccudukanuu omnyxoneid XK (BO3, 2017) [15]
BBe/leHa HOBasl TPyIa — WHKAICYJIUPOBAHHBIE
omyxosu GOJUIHKYJISApHOrO crpoeHusd. OHa mpea-
cTaBJIeHa paHee 00CYKJaeéMbIMU, HO HE BHECEHHBI-
MU B IpeJbIylee uU3fAaHue KaTeropusmu: Gosi-
JIUKYJIAPHAsA OIyXOJIb HEOIPE/IEJIEHHOIO 3JI0Kaye-
crBennoro moreniuana (FT-UMP) (ee guarnoctu-

The relevance of the revision of classification
and diagnostic approaches to TG diseases is dictat-
ed by the need to take into account current scientif-
ic and practical data in order to achieve consensus
in the interpretations between doctors of different
specialities. Thus, there is no consistent approach
to the term “nodular goitre” [1, 4, 5, 8—10]. In ICD-
10, nodular goitre is presented in class IV under the
heading Nontoxic single thyroid nodule (Eo4.1),
then in class V under Thyrotoxicosis with toxic sin-
gle thyroid nodule (Eo5.1) and Thyrotoxicosis with
toxic multinodular goitre (E05.2) [6]. According
to pathological and anatomical criteria, “nodular
goitre” is a pathological increase in TG associated
with focal (nodal) hyperplasia and/or hypertrophy
of its parenchyma, which should be distinguished
from focal goitre changes without encapsulation
[1, 4, 5]. From the standpoint of clinical medicine,
the concept of “nodular goitre” comprises all nodu-
lar formations of an organ (including neoplasms),
likewise those that do not necessarily lead to an
increase in its volume [3-5, 8—10]. Therefore, to
evaluate the results of a fine-needle aspiration bi-
opsy of TG nodules, the classification The Bethes-
da System For Reporting Thyroid Cytopathology
(TBSRTC) with six categories of cytological con-
clusion was developed in the USA [11]. Since 2015,
TBSRTC has been recommended for use in the Rus-
sian Federation [12]. However, in 15% of cases, the
results of a fine-needle aspiration biopsy are unre-
liable [3]. Besides, the cytological conclusion indi-
cating the IV-V categories according to TBSRTC
(follicular neoplasia/suspicion of it and malignant
neoplasm) allows only to solve the question of the
need for surgical treatment and does not establish a
nosological entity [13]. Therefore, verification of the
TG pathology remains the priority of pathological
and anatomical examination, and the diagnosis of
thyroid tumors is ranked among the most challeng-
ing issues of pathomorphology [1, 14].

The latest revision of the histological classi-
fication of TG tumors (WHO, 2017) [15] included
a new group — encapsulated follicular tumors.
It is represented by categories discussed earlier,
but not included in the previous edition: follicu-
lar tumor of undetermined malignant potential
(FT-UMP) (its diagnostic criteria: doubtful signs
of vascular and capsular invasion; lack of nuclear
changes characteristic of papillary carcinoma) and
well-differentiated tumor of uncertain malignant
potential (WDT-UMP) (its diagnostic criteria:
doubtful signs of both vascular/capsular invasion

Journal homepage: http://jsms.ngmu.ru
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yecKkue KPUTEPUU: COMHUTEIbHbBIE IPU3HAKH COCY-
JIUCTOH 1 KaICy/IsIpHOM NHBA3WU; OTCYTCTBUE H3Me-
HEHUU fi/iep, XapaKTePHBIX /1A NaNJJIAPHOU Kap-
IIUHOMBI) ¥ BBICOKOAU( (PepeHIITPOBAHHAS OIIyX0JIh
HeOIIpe/ieJIeHHOT'O 3JI0KAaYeCTBEHHOTO IOTEeHITHasa
(WDT-UMP) (ee muarHoCTHYECKHE KPUTEPUH: CO-
MHUTEJIbHBIE TPU3HAKHU KaK COCYTUCTOU /KaTICyJIsp-
HOM WHBa3WM, TaK U U3MEHEHUH sA7ep, XapakTep-
HBIX JIJ151 MATTJUIIPHON KapIIUHOMBI) [15, 16]. B aTo#
IpyIIlle HHKAICYJINPOBAHHBIX OILYyXOJIEH TaKKe BbI-
JleJieHa HOBast hopMa — «HEMHBa3UBHAA (DOJIUKY-
JIApHas OIYyXOJIb C fApPaMH HANWJIAPHOTO THUIIA»
(NIFTP), xoTopyto paHee OTHOCHJIU K HEMHBA3UB-
HOMY OJJIMKYJIAPHOMY BAapUaHTy MalWIIAPHOH
kapuuHoMbl. HYactora NIFTP Ha coBpemeHHOM B5Ta-
Ile cocTaBJifgeT 16—23 % OT Bcex cIydaeB Hanujiap-
HBIX KapIUHOM [17, 18]. I711 ee quarHocTUKU 00s3a-
TeJIbHBI He MeHee 2 U3 3 «sJIepHBIX» IIPU3HAKOB I1a-
MUJIJISIPHOY KapIMHOMBI: H3MeHeHue (OpMBI U pa3-
Mepa s17iep, KOHTYPOB f7IepHON MeMOpaHbI, XapaKTe-
puctuk aaepHoro xpomarusa. NIFTP xapakrepusy-
ercs GOTUKYIISIPHBIM CTPOEHHEM C HAJIIUEM Kall-
CYJIBI/UETKOH TPAHUIBI U OTCYTCTBUEM HHBA3UH,
IIcaMMOMHGBIX TeJtel] [15—17]. [lepecMoTp rucTosoru-
YecKnxX 00pasioB, MOJIEKYIPHO-TEHETUYECKOE TH-
nupoBanue NIFTP u MHOrosieTHee HaOJIIOIEHNE 32
MarueHTaMu OKa3aJid, 9YTO Y 9TOH omyxosu — 6e3-
PELUINBHBIN KJIMHUYECKUN ITPOTHO3, YTO JIeJIaeT
arpecCUBHYI0 XUPYPrudecKyo TaKTHUKY WU3JIUITHEH
[17]. B ksraccudukaiuio onyxosen [15] BHeceHa HO-
Basi TUCTOJIOTHYECKAs popMa QOJITUKYIISPHOU Kap-
[IMHOMBI — HMHKAICYJINPOBAHHBIM BapHAHT C COCY-
JIUCTOU MHBA3UeH, IIpU HTOM yTOUHSAETCSH, YTO MHBA-
3UsI PETUCTPUPYETCS B COCYAAX KaICyJIbl U/ TIe-
PUTYMODPO3HOU TKaHU. B oTAeIpHyI0 I'PYNITy BBI/le-
JIEHBI OHKOITUTAPHbIE OIYXOJIH (a/leHOMa U KapIiu-
HOMa U3 KJIETOK ['T10pTJIs1), KOTOpbIE PAaHEE OTHOCKIIH
B KaTeropumo (poJINKYISPHO-KJIETOUHBIX HeOIJIa-
3uii. [nanuHU3UpYyIomas TpabeKkyssipHas OIIyXOJhb
IepeBeZieHa U3 TPYNIbI I0OPOKAYECTBEHHBIX B II0-
rpaHUYHBIE OIIYXOJIHM C HeOIpe/ieIeHHBIM 3JI0Kave-
CTBEHHBIM IIOTeHIIaI0M. V13 HOBOT'O U3/IaHUS KJjlac-
cuduxanuu BO3 uckioueHa KaTeropus «aTunnge-
cKas aJieHOMa», KOTopas BhI3bIBaJIa 3HAUUTEIFHBIE
TPYAHOCTH B JAMATHOCTHUKE U3-32 HEOIIpelesIeHHO-
CTHU ee KpuTepues [1].

B npeppinymux TNM-kinaccudukanuax 1 B o-
cJlelHEM W3JJaHUM KJIUHUYECKUX peKOMeHZaIui
onkoJioroB Poccuiickoit ®esiepariuu, IOMHUMO 00IIIe-
NpUHATHIX rpaganuii (kareropuu T, N, M), npume-
HAJIACh JIONOJHUTEJIbHAS BO3PacTHAs TPyHIINPOB-
Ka I10 CTaIUAM JJIs1 MATTUJIISIPHOTO U (POJLITUKYIIAP-
Horo paka II2K [19]. Tak, npu HajauU4IUU OTAAJIEH-
HBIX METACTA30B y MAIEHTOB MJIAJIIIE 45 JIET yCTa-

and nuclear changes characteristic of papillary
carcinoma) [15, 16]. In this group of encapsulated
tumors a new form was identified — “noninvasive
follicular thyroid neoplasm with papillary-like
nuclear features” (NIFTP), which was previously
referred to as a non-invasive follicular variant of
papillary carcinoma. At the present time, the fre-
quency of NIFTP is 16—23% of all cases of papil-
lary carcinomas [17, 18]. Diagnosis requires at
least 2 out of 3 “nuclear” signs of papillary carci-
noma: changes in the shape and size of nuclei, the
contours of the nuclear membrane, and the char-
acteristics of nuclear chromatin. NIFTP is char-
acterised by a follicular structure with the pres-
ence of a capsule/clear border and the absence of
invasion, psammoma bodies [15—-17]. Re-review
of histological samples, molecular genetic typ-
ing of NIFTP and long-term follow-up of patients
showed that this tumor has a relapse-free clinical
prognosis, which makes aggressive surgical tac-
tics unnecessary [17]. A new histological form of
follicular carcinoma, an encapsulated variant with
vascular invasion, has been added to the classi-
fication of tumors [15], and invasion is specified
to be recorded in the vessels of the capsule and/
or peritumoral tissue. Oncocytic tumors (Hiirth-
le cell adenoma and carcinoma), which oncologists
previously classified as follicular-cell neoplasms,
were singled out as a separate group. The hyalin-
izing trabecular tumor has been transferred from
the group of benign to borderline tumors with
undetermined malignant potential. The category
“atypical adenoma” was excluded from the new
edition of the WHO classification, which caused
significant difficulties in diagnosis due to the un-
certainty of its criteria [1].

In previous TNM classifications and in the
latest edition of the clinical guidelines of the Rus-
sian Federation’s oncologists, apart from the gen-
erally accepted grades (T, N, M), an additional age
grouping according to the stages was used for pap-
illary and follicular cancer of TG [19]. Thus, in the
presence of distant metastases in patients younger
than 45 years, grade II was established, after 45
years — grade IV. This is due to the fact that dif-
ferentiated follicular cell carcinoma in childhood
has a more favorable prognosis in contrast to the
adult population [20]. According to experts of the
American Association of Endocrinologists, age-re-
lated staging of follicular cell carcinoma is contro-
versial since it is based on studies in small groups
of children and the following up of such patients
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HapiuBasuach Il cragus, mmocie 45 aet — IV cragus.
ATo o0bACHAETCA TeM, UTO AuddepeHpoBaHHAsA
(hoNTUKYIAPHO-KIIETOUHAS KAPIITHOMA B JIETCKOM
Bo3pacTe uUMeeT OoJiee 6JIarONpUATHBINA MIPOTHO3 B
OTJINYKE OT B3pOCJIOro HaceseHus [20]. [To MHeHMIO
SKCIIEPTOB AMEPUKAHCKOH acCOIUAIINN SHIOKPHUHO-
JIOTOB, BO3PACTHOE CTaAUPOBAHUE (POJIIUKYIISPHO-
KJIETOUHOH KapIMHOMBI CIIOPHO, IIOCKOJIBKY OHO
OCHOBAHO HA UCCJIEJIOBAHUSX B HEOOJIBIIIUX I'PYIIIIAX
JleTed v HabJII/IeHNe 32 TAKKMMH MallHeHTaM1 Orpa-
HUYUBAJIOCh JIETCKUM BO3PACTOM, IIO3TOMY PEKO-
MEeH/IOBaHA CTpaTU(UKAIINSA JIeTeN 10 TPyIIaM pu-
cka [9]. Takoke oTmMeuaeTcsi, UTO y JIETEH 10 CpaBHE-
HUIO CO B3POCJIBIMH Ha MOMEHT MaHU(eCcTalluu TH-
peouHbIe KApIITHOMBI Yallle UMEIOT OOJIBIIIHE pas-
Mephl (kaTeropus T), a Bo3pacT zeTeld MJajlie 10
JIeT paccMarpuBaeTcA Kak (paKTop IOBBIIIEHHOTO
PpUCKa penuanBa U JeTaJIbHOCTH [14, 21, 22]. Ceny-
€T OTMETHTB, UYTO B IOCIIEAHEM U3/IAaHUU KIacCuuU-
kauuu TNM Bo3pacTHasd rpylnurpoBKa 10 CTaAuAM
nia quddepennupoBanHod kapruHombl HIXK uc-
KJjrodeHa [23].

B xmHUYeCcKON 5H/IOKPUHOJIOTUU CEeTOfHS II0-
SIBUJICSI HOBBIM TEPMUH — «(PYHKI[MOHATbHAS aBTO-
HOMHMSsI IITUTOBHUTHOU KeJe3bl» [24, 25]. OYHKIINO-
HaJIbHAsl aBTOHOMMUSA OIpefiesisieTcsl KaK H30bIToU-
HOe (PYHKIIMOHUPOBAHUE TUPEOIUTOB Oe3 yJacTus
X IJIABHOTO (PUBHOJIOTUYECKOTO CTUMYJISTOpA —
THPEOTPOITHOTO TOpMOHa runodusa [8, 24—26]. I1y-
CKOBOM (akTop (AedUnuT 1oia) MPpUBOAUT K TUIIEP-
IUIa3UU TUPEOIUTOB U Jlajlee K UX COMATHYECKUM
myTanusaM. Takum o6pa3oM, MOABJIAeTCs IMyJl KJie-
TOK C YCUJIEHHBIM HPOJ(epPaTUBHBIM IMOTEHIHA-
JIOM W CUHTE30M THUPEOUJIHBIX TOPMOHOB, YTO CO-
[IPOBOXKIAETCH THIIEPTUPEO30M (THPEOTOKCUKO30M)
(pucynoxk) [25—27].

dyHKIMOHATBHAS ABTOHOMHUS PAa3BUBAETCS B
TeueHUe JIINTEIBHOTO BpeMeHHU TOJIBKO Y JKUTesel
HonmIepUIUTHBIX PETHOHOB U TPOSIBJISETCS KJIU-
HUYECKU IPENMYIIEeCTBEHHO B IOJKHIJIOM BO3pAacCTe
[24—28, 29]. YacToTa BBIABJIEHUS TaKUX (QYHKIHO-
HaJIbHO aBTOHOMHBIX («TOPSYMX») Y3JI0B 3HAUUTETb-
HO TIOBBIIIAETCS IIPU MHOTOY3JI0BOM 300e [25, 28].
CyIecTByIOIIME KJINHUKO-Tab0paTOpHbIe KPUTEPUN
JIMaTHOCTUKYU (QYyHKI[MOHATILHOU aBTOHOMHUU IT03BO-
JISIOT TpoBecTH AuddepeHInaaIbHbI JTHUATHO3 C
Y3JIOBBIM TOKCUYECKHM 3000M U TEM CAMBIM OIIpe-
JIeJINTh TAKTUKY JiedeHus [3, 8, 29]. B marosoro-
aHATOMUYECKOM PYKOBO/ICTBE QOYyHKITMOHAIbHAS aB-
TOHOMMUS IIUTOBU/THOH 2KeJjie3bl YIIOMAHYTA JIUIIb B
KaveCcTBe IPUYNHBI THPEOTOKCHKO03a C TOKCUUYECKUM
O/THOY3JIOBBIM / MHOT'OY3JIOBEIM 3000M [4]. B aTo#
CBSI3U aKTYaJIbHBIM CTAHOBUTCS BOIIPOC O ITaTOMOP-
¢osornueckux npru3Hakax QyHKIIMOHAJIBHON aBTO-

was limited to childhood; therefore stratification
of children by risk groups is recommended [9]. It
is also noted that at the time of manifestation in
children as compared to adults, thyroid carcino-
mas are often larger (category T), and children un-
der 10 years of age are at increased risk of relapse
and mortality [14, 21, 22]. It should be noted that
in the latest edition of the TNM classification, age
grouping by grades for differentiated TG carcino-
ma is excluded [23].

In clinical endocrinology, a new term has ap-
peared today — “functional autonomy of the thy-
roid gland” [24, 25]. Functional autonomy is the
excessive activity of thyroid cells without partici-
pation of their primary physiological stimulant —
thyroid-stimulating hormone of the pituitary
gland [8, 24—26]. The trigger factor (iodine defi-
ciency) leads to thyroid hyperplasia and further to
their somatic mutations. Thus, a pool of cells with
enhanced proliferative potential and the synthesis
of thyroid hormones appears, which is accompa-
nied by hyperthyroidism (thyrotoxicosis) (the Fig-
ure) [25—27].

Functional autonomy develops over a long pe-
riod of time only in residents of iodine-deficient re-
gions and manifests itself clinically mainly in old
age [24—28, 29]. The frequency of detection of such
functionally autonomous (“hot”) nodes increases
significantly in multinodular goitre [25, 28]. Exist-
ing clinical and laboratory criteria for the diagnosis
of functional autonomy make it possible to make a
differential diagnosis with toxic nodular goitre and
thereby determine treatment strategies [3, 8, 29].
In the manual of pathological anatomy, functional
autonomy of the thyroid gland is mentioned only
as a cause of thyrotoxicosis with toxic single-node/
multi-node goitre [4]. In this regard, the question of
pathomorphological signs of functional autonomy
becomes relevant, and whether structural criteria
of thyrotoxicosis can be considered as such. At the
same time, there is no consensus among morpholo-
gists about the morphological signs characteristic
of thyrotoxicosis [1, 4, 30].

According to several researchers [31, 32], to-
day there is a gap between the accumulated clini-
cal, experimental data on thyroid pathology and
their integration into modern conceptions about
the pathogenesis and morphogenesis of nodular
and autoimmune thyroid diseases, which requires
further study of these cornerstones of thyroidology
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Hedunur fiona / Iodine deficiency

Huskuii yposeHs Ty
T4 levels low

e

Tunepruiazus / Hyperplasia

IIponudeparus / Proliferation

:<j

HopwmaspHsiil ypoBeHb Ty
T4 levels normal

.

H202 / cBO6OAHBIE PA/TUKAIIBI
H20: / free radicals

T'unepmiasus / Hyperplasia —— Myrtarenes / Mutagenesis

KieTtku ¢ comatnyecKuMu MyTalusAMU
Single cells with somatic mutations

VYBesinueHUe MUTOBUIHOM KeJIe3bl ¢ 00pa3oBaHUEM
KJIETOK C COMaTU4YE€CKUMU MyTalluAMAU
Goitre with cell clones containing a somatic

mutation

PocT MyTHPOBaHHBIX KJIETOK, BELYIIUH K
(hOPMHUPOBAHUIO «XOJOHBIX» U «TOPSIUX» Y3JIOB
Expansion of cell clones with advantageous
mutations leading to cold or hot nodules

AtronaTorexes GyHKIIMOHAIBHON aBTOHOMUH IIUTOBU/THOM yKeJie3bl. [UIepIuasus KJIETOK ¢ COMAaTHIECKIMU
MyTaIUAMA U (POPMHUPOBAHUEM «XOJIOTHBIX» (CHHU 1BET) U TUIIEPPYHKITMOHUPYIOITUX «TOPIUUX»
(kpacHbIi 1IBET) y3J10B B IIIUTOBHHOM keste3e (1o K. Krohn, R. Paschke [27])

Etiopathogenesis of functional autonomy of the thyroid gland. Cell hyperplasia with somatic mutations and the
formation of “cold” (blue) and hyperfunctioning “hot” (red) nodes in the thyroid (by K. Krohn, R . Paschke [27])

HOMUU U MOTYT JI TAKOBBIMH CUUTATHCS CTPYKTYP-
HbIe KDUTEPHUU THPEOTOKCHKO3a (basemodukanmm).
IIpu 3TOM eqUHOr0 MHEHH:A Cpefau MOp(dOJIoroB o
XapaKTePHBIX JIJISI THPEOTOKCHKO3a MOpQoJioruye-
CKHMX OCOOEHHOCTAX CEroAHsA HeT [1, 4, 30].

ITo MHeHUIO psiZia aBTOPOB [31, 32], HA ceroj-
HAIIHUYU JIeHb CYyIIECTBYeT MPOoOesl MeKAy HaKo-
IJIEHHBIMUA KJIMHUYECKUMU, SKCIEPUMEHTAIbHBI-
MU JAHHBIMH O THPEOU/THOH MTaTOJIOTUN U WHTETpa-
el UX B COBPEMEHHbBIE MPEJICTABJIEHUS O IMaTO- U
Mop@doreHese y3JI0BBIX H 8y TOUMMYHHBIX 3a00JIeBa-
HUU IIUTOBUIHOM »KeJie3bl, UTO TpebyeT majibHel-
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Nutritional status and methods of its evaluation in patients on
hemodialysis (literature review)
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AHHOTAIIUA

B nocsie/iHYE TO/IBI KOJIMYECTBO OOJIBHBIX C TEPMUHAJIBHON XPOHUUECKOH ITOUEYHON HEZ0CTATOYHOCTHIO €3KETO/THO
YBEJIMUMBAETCS HA 7 %, UTO B IATH pa3 MPEBHIIIAET TEMITBI POCTa HaceaeHuss Mupa. HecMOTpsT Ha UCIIOJIb30BAaHUE Me-
TOJIOB 3aMECTUTEIHHOHN IIOYEUHOH TepanuH, CIOCOOCTBYIONTUX YBETUUEHHUIO TTPOAOIKUTETHHOCTH JKU3HHU Y DTOH KaTe-
ropuu OOJIBHBIX, JIETAJIBHOCTh OCTAETCsI CTAaOUJIBHO BBICOKOH. B psijie MCCe0BaHUH MOKa3aHO, YTO B OTJIMYHE OT 00-
e MOy IsAIUY y 60IBHBIX, OJTYYaIOINX 3aMECTUTEIHY 0 IOU€YHY0 TEPATTUIO IPOTPAaMMHBIM I'eéMOINaIN30M, 60J1ee
HU3Kasl JIETAJIBHOCTh OTMEYAETCsT CPe/IU MAIMEHTOB ¢ 6Ol Maccoii Tejla, a HU3KHEe 3HAUYEHU ST HH/IEKCa MacChl Tesia
(MMT) nmporHOCTHYECKHU HeOIaronpusTHBL. ATOT (PeHOMEH TOTYUrJI Ha3BaHUe 0OPAaTHOHN 3MHUAEMHUOJIOTUN NI «I1apa-
JIOKC O3KUpPeHUsT». MHOTOUYHCIEHHBIE UCCIIeTOBAHUS TPOIEMOHCTPUPOBAJIN BBICOKYIO PACIIPOCTPAHEHHOCTh HAPYIIIEeHU I
HYTPHUTHUBHOTO cTaTyca y 60JIbHBIX HA TEMO/{UATN3€E, KOTOPbIE B 3HAYNTEIBHOM CTEIIEHH OMPEEISIOT NX 3a6016BaeMOCTh
U JIeTaJIbHOCTD. [1aleHTHl Ha TPOrPAMMHOM TeMOIUaIn3e UMeloT 6osee HU3KUE UMT Mo cpaBHEHUIO C JIMIIAMU TOTO
’Ke Bo3pacTa U 1moJjia u3 obrei monyssiuu. [1anueHTsl, moIyvaolnie JedyeHrne MIPOrpaMMHBIM TeMOTHAIN30M, SBJISIIOT-
¢sI TPYTIIION pUCKa 0 Pa3BUTUIO OEJIKOBO-3HEPTeTUUECKON HEIOCTATOYHOCTH, a IIPOOJIKUTETFHOCTh 3aMECTUTETbHON
[TOYEYHOU TepAIIUK CITIOCOOCTBYET YXY/AIIIEHUI0 HYTPUTUBHOTO cTaTyca. Bee 9T0O CBUIETEIHCTBYET O BasKHOM POJIH BOIIPO-
COB MUTAHUS U HEOOXOUMOCTH BHIOOpA ONMTUMAJILHOTO METO/IA IJIsT OLIEHKH HYTPUTUBHOTO CTaTyca ¥ ATOH KaTeropuu
60J1bHBIX. B HacToOsIIIee BpeMsI HET OTHO3HAYHOTO MHEHU I 0 Harb0JIee ONITUMAaJIbHOM METO/IE OTIPe/ieIeH U ST U30bITOUHOM
Macchl TeJia ¥ 0KUPEHU s, a TAK3Ke 0 TOM, sIBJIsIeTCs JI abZIOMUHAIbHOE OKHpeHure (GaKTOPoM prcKa 3a60IeBaeMOCTH U
CMEPTHOCTH y MAI[HEHTOB, HAXOSIINUXCS Ha TPOTPAMMHOM T€MOIUATH3E.

Karoueewvle cno8a: reMoiuannu3, HyTPUTUBHBIN CTaTyC, aHTPOIIOMETPHYECKHEe OKA3aTen, OMOMMIIETaHCOMETPHA,
KOMIIBIOTEPHAsI TOMOTpadusi, BUCIIEPAIbHAS KUPOBasi TKAHb, [I0/IKOKHASI JKUPOBAsI TKAHb.

ABSTRACT

In recent years, the number of patients with terminal kidney failure has been increasing by 7% annually, which
exceeds the growth rate of the world population five times. Despite the use of methods of renal replacement therapy,
which contributes to an increase in life expectancy, the lethality remains persistently high. A number of studies has
shown that, in contrast to the general population, in patients receiving renal replacement therapy with program he-
modialysis a lower lethality rate is among patients with higher body weight, whereas low body mass index (BMI) val-
ues are prognostically unfavourable. This phenomenon has been called “reverse epidemiology” or “obesity paradox”.
Numerous studies have demonstrated a high prevalence of nutritional status disorders in patients on hemodialysis,
which largely determine their morbidity and lethality. Patients on program hemodialysis have lower BMI compared to
individuals of the same age and sex in the general population. Patients on program hemodialysis are at risk of protein-
energy insufficiency development, and the duration of replacement renal therapy contributes to the deterioration of
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nutritional status. This shows the key role of nutrition and the need to choose the optimal method for nutritional
status assessment in this category of patients. Currently, there is no unanimous opinion on the most suitable method
for determining overweight and obesity, and whether abdominal obesity is a risk factor for morbidity and mortality in

patients undergoing program hemodialysis.

Keywords: hemodialysis, nutritional status, anthropometric parameters, bioelectrical impedance analysis, computed
tomography, visceral adipose tissue, subcutaneous adipose tissue.

B mocsie/iHIE TOABI KOJTUUECTBO OOJIBHBIX C TEP-
MUHAJIbHOU XPOHUYECKOW IMOYEYHOU HEO0CTATOY-
HOCTBIO HEYKJIOHHO BO3pACTAET KaK BO BCEM MHUDE,
Tak u B Poccuiickoii ®enepanuu. HecmoTps Ha uc-
M0JIb30BAHUE METO/IOB 3aMECTUTEIPHOU IMOYEUHON
TepaIuy, CIOCOOCTBYIOIIUX yYBEJTHUUEHHIO TPOI0JI-
JKUTEJIBHOCTHU KU3HHU Y 3TOH KaTeropuu GOJIBHBIX,
CMEpPTHOCTh OCTaeTCs CTaOMJIbHO BhICOKOU. CoCTO-
sSIHUE HYTPHUTHUBHOTO cTaryca y OOJIbHBIX HA IPO-
rpaMMHOM TeMOJUaIn3e HUMEET BasKHOE IPOTHO-
CTUYECKOEe 3HAaUeHWEe U OKa3bIBaeT 3HAUUTEHHOE
BJUSHUE Ha 3a00J1€BaeMOCTh W JIETAJIBHOCTh. Pe-
3YJIbTATHI Psila UCCIIEIOBAHUH ITPOJEMOHCTPUPOBA-
JIM, YTO MAIMEeHThl Ha ITPOrPAMMHOM T'eMO/TUATH3e
umetor 6osiee Hu3KUNA UMT 1mo cpaBHEHHIO ¢ JIHIIA-
MU U3 00IIel MOMyJIAIUH, COOTBETCTBYIOIIUMU I10
Bo3pacty u mosy. [1o TaHHBIM pa3IUIHbBIX UCCIIEI0-
BaTeJIed HEJIOCTaTOYHOCTh MUTAHUS BCTPEUYAETCS Y
STOH KaTeropuu MaIueHToB B 10—70 % ciiy4aes [1, 2].
HeMmaJstoBaskHYI0 POJIb B Pa3BUTHU HEIOCTATOUHO-
CTH MMUTAHUS UTPAIOT COIMAJIbHBIE U SKOHOMHYE-
ckue GakTophl: ciabas coIMasbHAs TOMAEPIKKA,
OTMHOYECTBO, HU3KAsl CAaMOOIleHKa (PU3UUECKOro U
SMOITHOHAJIBHOT'O COCTOSTHUS M yTacaHHe KOTHUTHB-
HOH JiesATeIbHOCTH [ 3, 4]. KpoMme Toro, ypemuueckast
WHTOKCUKAIUA TPUBOAUT K CHUKEHUIO aIIEeTUTa,
JKEJTYJIOUHO-KHUIIIEYHBIM PacCTpOUCTBaM (TOITHOTA,
pBOTA), AHOPEKCUHU, UTO HauOOJIee BHIPAYKEHO Y TI0-
JKUJIBIX MMAIIEHTOB [5].

B psne wcciaenoBaHui y GOJIBHBIX, MTOJTyYar0-
I[UX 3aMECTUTEIHHYIO TIOUEUHYI0 TEPATIUIO, IIPOJIE-
MOHCTPUPOBaH (GeHOMeH 00paTHOH 3IUIEMUO0JIO-
TUH WJIH «[1apaJIOKC OKUPEHUs»: O0Jiee HU3Kasl Jie-
TaJIbHOCTH Y MAIUEHTOB ¢ OOJIbIIEN Maccoi Tesa u
HeOJIAaTONMPUATHBIN MPOTHO3 Y MAIMEHTOB ¢ HU3KHU-
MU 3HAaUYeHUAMMU HHAeKkca Maccel Testa (MMT) [6—8].
Haxe npu 3HaueHun UMT GoJsiee 39 y 60JIbHBIX Ha
reMojiajin3e MPOAOJIKUTEIbHOCTD JKU3HU YBEJIH-
yuBaeTcs [9]. PesynbraThl HWCCIEIOBAaHUU CBHJE-
TEJBCTBYIOT O TOM, UTO YBEJMYEHUIO BHI?)KMBAEMO-
CTHU CIIOCOOCTBYIOT KaK 6OJIBIIAsI MBIIIIEYHAST MaCCa,
Tak U 60Jiee BBICOKHUH YPOBEHD JKHUPa B OpPraHU3ME.
Xyauiyio BbIKMBAEMOCTh Ha IIPOTPAMMHOM T'€MO-
Juain3e UMeloT nanueHTsl ¢ Huskumu UMT, apre-
PUAJIbHBIM JIaBJIEHUEM U YPOBHSMH OOIIETO XOJIe-
CTEpUHA U TOMOIUCTenHA [10]. BmecTe ¢ Tem 6bLI0

In recent years, the number of patients with
a terminal chronic renal failure steadily increases
both throughout the world, and in the Russian Fed-
eration. Despite the use of the replacement renal
therapy methods which contribute to an increase
in life expectancy in this category of patients, the
mortality remains persistently high. The nutrition-
al status in patients on hemodialysis has an impor-
tant predictive value and a considerable impact on
morbidity and lethality rates. Results of a number
of researches showed that patients on program he-
modialysis have a lower body mass index (BMI) in
comparison with individuals in the general popula-
tion corresponding in age and gender. According to
various researchers nutritional deficiency occurs in
this category of patients in 10—70% of cases [1, 2].
An important role in the development of nutritional
deficiency is played by social and economic factors:
poor social support, loneliness, low self-esteem in
physical and emotional state assessment and im-
paired cognition [3, 4]. Besides, uremic intoxica-
tion leads to a loss of appetite, gastrointestinal dis-
orders (nausea, vomiting), anorexia, which is most
pronounced in elderly patients [5].

A number of studies in patients receiving re-
placement renal therapy have demonstrated the
reverse epidemiology phenomenon or “obesity
paradox™ lower lethality in patients with higher
body weight and an unfavorable prognosis in pa-
tients with low values of BMI [6—8]. Even with a
BMI more than 39, life expectancy in patients on
hemodialysis increases [9]. Research results indi-
cate that greater muscle mass and higher level of
body fat contribute to an increased survival. Pa-
tients with low BMI, arterial blood pressure, total
cholesterol and homocystein levels have the worst
survival rate on program hemodialysis [10]. At the
same time, it was shown that high values of these
risk factors paradoxically played a protective role
and were associated with improvement of survival.

The association of high BMI with low lethality
in hemodialysis patients is probably due to a more
stable hemodynamic status and neurohormonal al-
terations that determine protective effects of high
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IOKa3aHO, YTO BBICOKHME 3HAUYEHUS 3TUX (PAKTOPOB
pucKa mapaJioKCcaJibHO UTPajid 3alUTHYIO POJb U
OBLITU ACCOIUUPOBAHBI C YTy UYIIIEHUEM BBI?KHBAEMO-
CTH.

Acconuanus Beicokoro UMT ¢ HU3KOH JieTasib-
HOCTBIO Yy MAIUEHTOB HA TreMOAUaJIu3e, BEPOATHO,
o0bscHseTcs OoJsiee CTaOMJIBHBIM TeMOAWHAMUYe-
CKHUM CTaTyCcOM W HEWPOrOpMOHAJIbHBIMU HU3MEHe-
HUSAMH, OOYCJIOBJIMBAIONIAMHU MTPOTEKTHUBHBIE 3(-
dexTp1 Beicokoro UMT [11]. TTanipeHTHI ¢ O3KUpEHU-
eM 0OoJiee TOJIEpAaHTHBI K IepeMelleHUI0 OOJIbIINX
00HEMOB JKUJAKOCTA BO BpeMsl JTHAJU3HOU IpoIie-
JIypbl, C MEHBIIINM PUCKOM THIIOTEH3UU. BhIsiBIIeHA
CBs3b MEX/Ty a0JIOMUHAIBLHBIM OKHPEHHEM, BOCIIA-
JIEHUEM W aTEPOCKJIEPO30M U, KaK CJe/ICTBUE, 3a00-
JIEBAEMOCTBIO I CMEPTHOCTBIO Y OOJIbHBIX HA T€MO-
auaause [12].

B TO ke BpeMs He Bce UCCJIeOBAHMUA OATBEP-
JIWIU B3aUMOCBA3b Mexxay UMT u cMepTHOCTBIO na-
IMEeHTOB Ha reMoauanuse. R. De Mutsert et al., us-
yuas acconuanuio UMT u cMepTHOCTH Y OOJIBHBIX,
MOJIYYAIOIINX 3aMEeCTUTEJIbHYI0 IOYEeYHYI0 Tepa-
MU0 IPOTPAMMHBIM I'eMOIUAIU30M, U B OOIIEHN 10~
MyJISIIIAY, B BO3PACTHOM T'PYIIIIE OT 50 710 75 JIET, BbI-
SIBUJIM B 00€UX TPYIIIax CXOHbIE PUCKU JIETAJIHHO-
I'0 UCX0/a, cBA3aHHble ¢ UMT, u cziestanu npeaoso-
’keHHe 00 OTCyTCTBUH 06paTHOM cBsa3u Mex 1y UMT
U CMEPTHOCTHIO Y O0JIBHBIX HA reMouaiuse [12].

B psaze crpan oTMedaeTcs TEHJIEHLUA K CTa-
PEHUIO AWAJIM3HON TOMYJIAIUU TaIrueHToB. Hc-
cJIeIOBaHUSA, TIPOBE/IEHHBbIE B fAMOHUM, MMOKAa3aJiu,
YTO y MAIMeHTOB Ha T'eMOJIHAJIN3E KEHCKUU IOJI,
NMT < 18.5 1 HasTn4re caxapHoTro Auabera ABJSIOT-
¢sl IPOTHOCTHYECKHU HEOJIaronpusATHBIMU (paKTopa-
MU, BJIUAIONIUMH Ha OPOAOIKUTEIbHOCTD KU3HU
[13]. OIpyrue uceieoBaHus OKA3aJIH, UYTO HAJTHYLE
OKUPEHUS y MaI[UeHTOB, HAXO/SAIIUXCSA HA TeMOJTH-
anuse, He ObBLJIO CBA3AHO C yBEJIMUYEHHEM JIETAJIh-
HOCTH, B TO BpeMs: Kak y nanueHToB ¢ UMT menee
20 u OoJiee 30 JIETAJIBHOCTH YBEJIUYUBAJIACh JIBY-
KpaTHO [14]. B xo7ie mpoBeeHHOTO HMCCIEA0BaHUS
M. Edalat-Nejad et al. caesmaau BEIBOA O TOM, UTO He-
Jloe/laHue U UMeIoIINecs MPU3HAKU BOCIIAJIEHU S SB-
JIAI0TCA 3HAYUMBIMH He3aBUCUMBIMU (paKTOpaMu
PpUCKa, ONMpPeAeSIONINMHU JIETATbHOCTh Y OOJIBHBIX
Ha remojuanuse [15].

[TanyeHTHI, HOMyYaOIIYe JeYeHHe TporpaMm-
HBIM T€MOJ[MAJIN30M, SBJISIOTCS TPYMIION PUCKa IO
pasBUTHIO OEJIKOBO-OHEPreTUYECKOH HEI0CTATOu-
HOCTH, a WPOAOJIKUTEJTHHOCTh 3aMeCTHUTEIHbHOU
MMOYEUHOH Tepamuu CIOCOOCTBYET YXYAIIEHHUIO HYy-
TPUTUBHOTO cTaTyca [16]. B cBoeM wucciaemoBaHUU
C. Chazot et al. mokasasu, 4TO MOTEPsS Beca B TeUe-
HUE TIePBOT0 T'o7a JIEUeHU T TPOTPAMMHBIM I'eMOJTH-

BMI [11]. Patients with obesity are more tolerant of
fluid overload during the dialysis procedure, with
smaller risk of hypotension. The association be-
tween abdominal obesity, inflammation and athe-
rosclerosis and, as a result, morbidity and mortality
in hemodialysis patients is revealed [12].

At the same time, not all studies confirmed
interrelation between BMI and mortality of hemo-
dialysis patients. R. De Mutsert et al., studying as-
sociation of BMI and mortality in patients receiving
replacement renal therapy by program hemodialy-
sis and in the general population in the age group
from 50 to 75 years, revealed the similar risks of
lethal outcome associated with BMI in both groups
and made the assumption that there is no inverse
relationship between BMI and mortality in hemo-
dialysis patients [12].

In a number of countries, there is a tendency
to aging of dialysis patients population. The re-
searches conducted in Japan showed that female
gender, BMI < 18.5 and existence of diabetes melli-
tus are prognostically unfavorable factors affecting
life expectancy in hemodialysis patients [13]. Other
studies showed that existence of obesity in hemo-
dialysis patients was not associated with increase
in lethality, while in patients with BMI less than
20 and more than 30, the lethality rate increased
twice [14]. During the research M. Edalat-Nejad et
al. drew a conclusion that malnutrition and the ex-
isting signs of inflammation are the significant in-
dependent risk factors determining lethality in the
hemodialysis patients [15].

The patients receiving program hemodialysis
treatment are at risk of developing protein-energy
deficiency, meanwhile the long-term replacement
renal therapy contributes to deterioration in the
nutritional status [16]. C. Chazot et al. showed that
the weight loss within the first year of hemodialysis
treatment is associated with the increased risk of
mortality, which, according to the authors, empha-
sizes the key role of nutrition issues and the neces-
sity of regular assessment of the nutritional status
in this category of patients [17].

Comprehensive assessment of the nutritional
status includes: inquiry about complaints of the
patient, knowledge of the anamnesis, assessment
of the actual nutrition, anthropometrical measure-
ments, calculation of body mass index, measure-
ment of volume fat free and lean body mass by
bioelectrical impedance analysis, laboratory tests
(albumin, transferrin, C-reactive protein (CRP), ab-
solute lymphocyte count). Assessment of daily con-
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aJIM30M CBSI3aHA C MTOBBIINIEHHBIM PUCKOM CMEPTHO-
CTH, UTO, II0 MHEHHIO aBTOPOB, IIOJTUEPKUBAET KJIFO-
YEeBYI0 POJIb BOIPOCOB MUTAHUS U HEOOXOTHUMOCTD
PETYJIAPHOU OIIEHKU HYTPUTHUBHOTO CTATyCa y 3TOU
Kareropuu O60JIbHBIX [17].

KomiiekcHasi OIleHKa HYTPUTHBHOTO CTaTy-
ca BKJIIOUAET: PacCIpoc o Kajobax marueHTa, 3Ha-
KOMCTBO C aHAMHE30M, OLEHKY (PAaKTHUYECKOTO ITH-
TaHWsA, aHTPOIIOMETPUUECKHE H3MEPEHUs], pacyuer
HWH/IEKCA MacChl TeJa, u3MepeHue oobeMa 6e3:Kupo-
BOM M MBINIEYHOH MAaccChl TeJla METOAOM OHOHUMIIE-
JIAaHCOMETPHUH, UCCIIeIOBaHNE JTaOOPATOPHBIX MOKA-
3areseil (a1pOymuH, TpaHcepprH, C-peaKTUBHBIHN
6esok (CPB), abcomoTHOE Yncsio TuMGOIUTOB KPO-
BH). OILIEHKY €KeTHEBHOTO TOTpeOseHuss OeJIKOB,
JKUPOB, YIJIEBO/IOB, BATAMUHOB, a TaKKe O0Iel Ka-
JIOPUAHOCTH PAIMOHA IIPOBOAT C IIOMOIIBIO ITUIIE-
BBIX ITHEBHHKOB, B KOTOPBIX MAITUEHTHI YKAZBIBAIOT
KayeCTBEHHBIH M KOJHUYECTBEHHBIH COCTaB IOTpe-
osisemMoit umu nminu [18]. B uccnemoBanuax Oblia
JIOKazaHa MEHBINAs JIOCTOBEPHOCTH YACTO KCITOJIb-
3yeMbIX 3-THEBHBIX ITUINEBBIX JTHEBHUKOB y 0OOJIb-
HBIX HA TeMO/INAIN3€E TI0 CPABHEHHUIO C 7-THEBHBIMH
JITHEBHUKAMH, B CBSI3U C YEM MMAITHEHTAM PEKOMEH/TY-
eTcss GUKCUPOBATH PALIMIOH IUTAHUS U CIIOCOOBI 00-
paboTKu NUIIY B TEUeHUE Hele U [19].

B Hacrosinee BpeMs HET OJHO3HAYHOTO MHE-
HHUS B OTHOILIEHUHW HauboJjiee ONTHMAaJIbHOIO METO-
Jla I olpeneseHuss U30BITOYHON Macchl Teia U
oxupeHus1. THTerpaJbHbIM IOKa3aTeseM, OTpaska-
IOIIMM COCTOSIHHE HYTPHTHUBHOI'O CTaTyca YesoBe-
Ka, ABJIseTCcA UHJEeKC Maccehl Tesa [3]. Ogaaxo UMT
He TI03BOJISIET TOYHO OIEHUTDh COCTAB TeJIa, TAK KaK
HE JIaeT MPEJCTaBJIEHUS O PA3JINYUHN MEKIY KUPO-
BOH U MBIIIIEYHON Maccoii. Takum o6pasom, orpese-
aenne IMT He mo3BoJisieT BBISIBUTH CapKOIIEHUYe-
CKO€ OKHPEHHE, XapaKTepU3ylolleecs: yMEHbIIIEHU-
€M MBIIIIETHON Macchl M HAKOIJIEHUEM BHUCIEDPAJIh-
Horo xupa. Kpome Toro, UMT He MokeT OBITH Ha-
JIESKHBIM KPUTEPHUEM B JIMATHOCTUKE OKUPEHUS Y
TIO’KUJIBIX JIIOJIEN B CBA3BU C BO3PACTHBIMU U3MeEHe-
HUSIMHU B cOcTaBe TeJjia [19].

CapKoIleHnYecKoe OKUpPEHHNE pacipoCTpaHEHO
cpenu GOJIBHBIX ¢ TEPMUHAJIBHON MOYEYHOU HEI0-
CTaTOYHOCTBIO: ATU MAIUEHThl UMEIOT HOPMaJIbHBIH
ypoBerb IMT, HO ©36BITOYHOE KOJTUYECTBO JKUPO-
BOU TKAaHH, BBIABJIEHHOE IPYTUMHU METO/IJAMHU HCCIe-
JoBaHuM [20]. CapKoIleHHsI acCOIMMPOBaHa C pas-
BUTHEM MeTaOOJIMYECKUX HAPYIIEHUH, aTepOCKe-
po3oM u 6oJiee BBICOKOM JIETAIPHOCTHIO Y OOIBHBIX
Ha IIpOrpaMMHOM remozraause [21]. MHorouuciaeH-
HbIE HCCJIEJIOBAHUS, IPOBEJIEHHbIE B Pa3JIMYHBIX
TIONYJIALMOHHBIX I'pylnax, rnokasanu, yro UMT ot
25 710 35 6e3 yueTa OKPYKHOCTH TaJUU, COOTHOIIIE-

sumption of proteins, fats, carbohydrates, vitamins
and also the total caloric intake is carried out using
food diaries in which patients give qualitative and
quantitative structure of the diet [18]. Studies have
shown a lower reliability of frequently used 3-day
nutritional diaries in hemodialysis patients in com-
parison with 7-day diaries. So patients are recom-
mended to record their diet and food processing
methods during a week [19].

Nowadays there is no unequivocal opinion
concerning the most optimal method for determi-
nation of overweight and obesity. The integrated
parameter reflecting the nutritional status of the
person is body mass index [3]. However, BMI does
not allow to assess precisely body composition
as it does not give an idea of difference between
fat and muscle mass. Thus, determination of BMI
does not allow to reveal sarcopenic obesity which
is characterized by reduction of muscle mass and
accumulation of visceral fat. Besides, BMI cannot
be a reliable criterion in diagnostics of obesity in
elderly people due to the age-related alterations in
body composition [19].

Sarcopenic obesity is widespread among pa-
tients with terminal renal failure: these patients
have the normal level of BMI, but the excess of adi-
pose tissue detected by other methods of research-
es [20]. Sarcopenia is associated with development
of metabolic disorders, atherosclerosis and higher
lethality in hemodialysis patients [21]. Numerous
studies conducted in various population groups
showed that BMI of 25 to 35 is a risk factor of high-
er lethality without taking into consideration the
waist circumference, the fat and muscle tissue ra-
tio, as well as ethnic characteristics of the constitu-
tion and metabolic alterations [22].

In recent years, for determination of visceral
obesity both in general population, and in dialy-
sis patients use the following parameters are used:
waist circumference (WC), waist / hip circumfer-
ence ratio (WC/HC) and waist/height ratio. These
parameters are easy to determine, and are recog-
nized as the gold standard for the diagnosis of vis-
ceral obesity; in addition, their correlation with the
outcomes of cardiovascular diseases was proved
[23]. Thanks to these parameters there is an op-
portunity to determine the characteristics of fat
distribution in the body and the relationship with
morbidity and mortality. It is widely accepted that
in the general population the obesity identified by
WC/TC ratio is a risk factor for the development of
chronic kidney disease (CKD). In turn, in patients
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HUA KUPOBOH U MBIIIEYHON TKAHU, a TaKXKe STHU-
YeCKUX 0COOEHHOCTEH KOHCTUTYITUH U MeTabornye-
CKUX U3MEHEHUH sABJisieTcss (aKTOpOM pUcKa 6oJiee
BBICOKOH JIeTaJIbHOCTH [22].

B mocnenHue rombl AJs ONpezieieHus BUCIE-
PaJIbHOTO OXKUPEHUS KaK B 00IIel MMOMYJIAIUY, TaK
U y IUAJTU3HBIX OOJBHBIX UCIOJIB3YIOT CJIETYIOIINE
rmokasartesiu: okpy:kHocTh Tasuu (OT), cooTHoIIe-
HUe OKDPYKHOCTHU Taynu/okpy;xkHoctu Genep (OT/
OB) u COOTHOIIIEHUE TaJNs/POCT. DTH IOKa3aTeIn
IIPOCTHI B OIIPE/IeIeHU N, TPU3HAHBI 30JI0TBIM CTaH-
JIapTOM JUATHOCTUKU BHUCIEPAJIBHOTO OXKHPEHUS,;
KpOMe TOrO, JOKa3aHa UX KOPPeJIANUsA ¢ UCXOJaMU
CepIEUHO-COCYTUCTRIX 3aboseBanuii [23]. Biaro-
Jlapsi 9TUM II0Ka3aTeJIsIM CyIIeCTByeT BO3MOXKHOCTD
OIIpeNieINTh 0COOEHHOCTU pacIpezieieHus KUpa B
OpraHU3Me U CBA3b C 3a00JI€EBAEMOCTHIO 1 CMEPTHO-
cThi0. [IpUHATO CYUTATh, UTO B OOIIEN MOIMYJISIIAHN
OJKHMIPEHMUeE, BBIABJIEHHOE 110 cooTHoleHuo OT/OB,
sABJsAEeTCs (PAKTOPOM PUCKA PA3BUTHUS XPOHUYECKOU
6osiesnu mouek (XBII). B cBoro ouepesan, y 60b-
ubIx ¢ XBII coorHomenue OT/Ob — dakTop pucka
CEPIEUHO-COCYTUCTHIX 3200 1eBaHUl [24].

Taxum o6pazom, OT u coornomenne OT/OBb no
cpaBHeHUIO ¢ IMT ABIAIOTCA JIyYIIUMU IIPEUKTO-
paMHu cepAeuHO-COCY/IUCTOH CMEPTHOCTH Y TalH-
eHTOB Ha remonuainuse, a OT — HafeKHBIA KpU-
TEepPUH BHUCLEPAIPHOTO OKUPeHUs ¥ 60abHbIX XBII
[25]. M. Postorino et al. mokaszasu, 94To cpeau maiu-
€HTOB C TEpDMHUHAJIBHON XPOHUYECKOH MIOYEYHOHN He-
JIOCTaTOYHOCTBIO PUCK CEP/IEYHO-COCYAUCTOM cMep-
TH ObLJI MAaKCUMAaJIBHBIM y Jul ¢ Hu3kuM UMT u
6ospiieii OT [26]. C. Zoccali et al. mpeaaraior pac-
cmarpuBarh UMeHHO OT Kak IVIaBHBIN IPEIUKTOD
CEPIIEYHO-COCYAUCTON cMepTHOocTH. Kpome ToroO,
[IPOBEZIEHHBbIE HCCJIEOBAHUS ITPOJEMOHCTPHUPOBA-
JIH CBAI3b OKPYKHOCTU TAJINU C YPOBHEM KOHIIEHTPa-
WY TPUTJIUIEPUIOB U aTUTIOKIHOB [25].

OnHAaKo, 0 MHEHUIO Ps/ia aBTOPOB, OIPEseJIe-
Hue OT He ABJI€TCA OCTATOYHO TOUHBIM METO/IOM
JUISl TUATHOCTUKHU BUCIIEPAJIBHOTO OXKUpeHUs [27].
C.M. Velludo et al., nabiromass B TeueHue roza 87
nanueHToB ¢ XbBII, He mosydyaromux 3aMeCTUTEeIb-
HYIO MIOYEUHYI0 TEPAIHI0 IPOrPAMMHBIM T'eMO/Ira-
Jm3oM, npozeMoHcTpupoBany, uro OT mioxo kop-
pesupyeT ¢ u3MeHEeHUIMH BUCIIEPAaJIbHOU )KUPOBOH
TKaHu [28]. ABTOPHI JIeJIal0T BBIBOJ, O HEOOXOTUMO-
CTH OCTOpOXKHOTO Hcnosib3oBanusa OT kak Mapkepa
o6’beMa BUCIIEpAJILHOM JKUPOBOI TKAHH Y 9TOU KaTe-
ropuu OOJIbHBIX.

B TO ke Bpems IIpOBEAEHHBIE HCCJIEJIOBAHUSA
[IOKa3aJIH, YTO CYIIECTBYET KOPPeJIAINOHHASA CBA3D
MeX/1y 00EMOM U IJIOIIA IO BUCIIEPAILHOTO KIPa
U OKPYKHOCTBIO TaJIUH [29]. AGTOMHUHAJIIBHOE OKH-

with CKD a WC/TC ratio is a risk factor for cardio-
vascular diseases [24].

Thus, WC and WC/HC ratio in comparison with
BMI are the best predictors of cardiovascular mor-
tality in hemodialysis patients, and WC is reliable
criterion of visceral obesity in patients with CKD
[25]. M. Postorino et al. showed that individuals with
low BMI and greater WC had the maximum risk of
cardiovascular death among patients with terminal
chronic renal failure [26]. C. Zoccali et al. suggest to
consider WC value as the main predictor of cardio-
vascular mortality. Besides, the conducted studies
showed that waist circumference is related to the tri-
glycerides and adipokines concentration [25].

However, according to a number of authors, the
determination of WC is not an accurate method for
the diagnosis of visceral obesity [27]. Within a year
C.M. Velludo et al., followed up 87 patients with
CKD who were not receiving replacement renal
therapy by program hemodialysis and showed that
WC correlates with changes in visceral adipose tis-
sue badly. The authors conclude that it is necessary
to carefully use WC value as a marker of visceral
adipose tissue volume in patients of this category.

At the same time, studies showed that there is
a correlation relationship between the volume and
the area of visceral fat and waist circumference [29].
The abdominal obesity determined on the basis of
WC and WC/TC is one of the diagnostic criteria of
metabolic syndrome as visceral adipose tissue is its
key component.

According to H.W. El Said et al., to date there
is no better anthropometric method for determin-
ing abdominal obesity in hemodialysis patients.
Also there is no answer to the question whether
the amount of intra-abdominal fat is a risk factor
for morbidity and mortality in this category of pa-
tients [30].

The patients receiving program hemodialysis
treatment is a population of sick people in which
hypoalbuminemia and inflammation are the main
predictors of the risk of early mortality [10]. C. Del-
gado et al. found a direct relationship between BMI
and markers of inflammation and lack of a link with
nutrition markers, and also, having studied the as-
sociation of visceral and subcutaneous fat with
markers of nutrition and inflammation in hemodi-
alysis patients, these authors suggest subcutaneous
fat be considered as a nutrition marker, and viscer-
al fat — as an indicator of inflammation [31].

In early studies, serum albumin was consid-
ered as a marker of a visceral fat pool and was the
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penue, onpenensemoe Ha ocHoBanuu OT u OT/OB,
SIBJISETCSI OMHUM U3 KPUTEPUEB AUATHOCTUKHU Me-
TabOJIMYECKOTO CHHPOMA, TaK KaK BUCIEPAJIbHAS
JKHPOBasi TKAHb — €T0 KJII0UeBOH KOMIIOHEHT.

ITo muenuto HW. El Said et al., na cerogusi-
HUH JIeHb HET JIYYIIETO aHTPOIIOMETPHYIECKOTO Me-
TO/IA JIA OIpeJiesieHust abJIOMUHAJIBHOTO OXKHUpe-
HUA y TAIUEHTOB Ha reMoauaau3e. 11 HeT oTBeTa Ha
BOIIPOC, ABJISETCS JIU KOJIMIECTBO BHYTPUOPIOIIHO-
ro ’Kupa HpaKToOpoM prcKa 3a60J1eBaeMOCTH U CMEPT-
HOCTH Y IaHHOM KaTeropuu MmaIueHToB [30].

[TanpieHTHI, MTOIYYAIOIINe JIeUeHe IIPOrPaMM-
HBIM TeMOJIMAJIN30M — 3TO MOIMYJIANNUA OOJBHBIX, Y
KOTOPBIX THIOAJIBOYMIHEMUsI U BOCIIAJIEHUE SIBJISI-
I0TCS IVIABHBIMU IIPEAUKTOPAMU PUCKA PAaHHEU Jie-
tasnbHOCTH [10]. C. Delgado et al. BoisiBUIM TIPAMYIO
cBa3b IMT ¢ mapkepamu BocHaJIeHUS U OTCYTCTBHUE
CBSI3U ¢ MapKepaMU ITUTAHU S, a TAK)Ke, U3YUUB CBA3b
BUCIIEPAJIBHOTO U IIOJIKOKHOTO KMPA C MapKepaMu
IIUTAHUS U BOCHAJIEHU Y MMAITUEHTOB HA ITPOrPaMM-
HOM TeMO/TUaJIH3e, TPEIJIATal0T pACCMATPHUBATh ITO/I-
KOXKHBIN KUD KaK WH/JMKATOp IUTaHUs, a BUCIE-
PaJIBHBIN JKUP — KaK HHAUKATOP BOCIIaIeHusI [31].

B paHHUX HCC/IEIOBAHUAX CHBIBOPOTOUHBIH aJIb-
OyMUH paccMaTpHBAaJIC KaK MapKep COCTOSHHUA
IIyJia BHUCIEPAJIBHOTO JKUPA U SIBJISJICS OCHOBHBIM
MapKepoOM [JIsl OIEHKU COCTOSTHUA mutaHufd. Of-
HAaKO COBPeMEHHBbIe HCCJIeJIOBAaHUSA IIOKa3bIBAIOT,
YTO HUBKHUH CHIBOPOTOUHBIH aJIb0YMUH — 3TO CKO-
pee Mapkep BOCHAJIEHUs, a €ro IEHHOCTh KaK Map-
Kepa, OTPaKaIoIIET0 COCTOIHIE HYTPUTUBHOTO CTa-
Tyca, orpanudeHa [32]. Bocnasenue, 0ObIYHO OIfe-
HuBaemoe II0 ypoBHIO CPD, sBisderca XapakTep-
HOM 0co0eHHOCTHI0 XBII, BEI3BAaHHOI TOKCHYECKOMN
ypPeEMHUYECKON MHTOKCHKAIUEN U MPOIeAyPOU aua-
sm3a [33]. V3BecTHO, YTO BOCIIaJIeHUE CIIOCOOCTBY-
€T CHI)KEHHIO YPOBHSA CHIBOPOTOYHOTO ajibOyMHHA
U UTPAET POJIb B PA3BUTUH HEIOCTATOYHOCTH ITUTA-
HUSA U aTEPOCKJIEPO3a, UYTO, B CBOIO OUEPEH, ACCOITU-
upyeTcs ¢ HebJIarOIPHUATHBIM HCXO/IOM BCJIEZICTBUE
CEpIEUHO-COCYTUCTON MaToJIoTuu [34]. AnbOymMuH
umeeT 0oJiee JUTUTEbHBIA TEPUO/] MTOJIypaciajia u
MEHBIIIYI0 BapuabeJbHOCTh, YEM TPAJUIMOHHBIE
MapKephsl BocnajieHus, Takue kak CPb, u syure ot-
paskaet ycToluynBoe BocnasieHue. [loaTomy asb0y-
MuH u CPB HeoOXOAMMO OIpesesisATh BMECTe JUJIA
OIIEHKHU PHCKa JIETAJIBHOTO ucxoaa [35].

Pap wmccnenoBaHUi MOKa3ajiy, UTO IpPUMeEHe-
HUe KaJWUNePOMETPHUU IS OleHKH HYTPUTHUBHOTO
craTyca y 60JIbHBIX HAa IPOrPAMMHOM T'e€MOJUATU3E
MOJKET JaBaTh 3HAUUTEJIBHYIO IIOTPENTHOCTH 38 CUET
OTEYHOCTHU IOJIKO?KHO-KHPOBOM KJIETUATKH, a TaK-
JKe TOYHOCTH U3MEPEHUH, CBI3aHHBIX C PA3JIMIHBIM
JlaBJIeHUEM, OKa3bIBAEMBIM HA KaJIUIIED.

main marker for assessment of a nutritional status.
However, modern researches show that a low se-
rum albumin is rather a marker of inflammation,
and its value as a nutritional state marker is lim-
ited [32]. Inflammation usually estimated by the
CRP level is a characteristic of CKD, caused by ure-
mic intoxication and the dialysis procedure [33].
It is known that inflammation promotes decrease
in serum albumin level and takes part in develop-
ment of malnutrition and atherosclerosis which, in
turn, is associated with an adverse outcome owing
to cardiovascular pathology [34]. Albumin has lon-
ger half-life and smaller variability than traditional
markers of inflammation, such as CRP, and reflects
steady inflammation better. Therefore, to assess the
lethal outcome risk the albumin and CRP have to be
determined together [35].

A number of studies have shown that the use
of calipometry to assess nutritional status in hemo-
dialysis patients can be in a significant error due
to subcutaneous fat swelling, as well as discrepancy
in measurements caused by different pressures ex-
erted on the caliper.

The most precise information on the ratio of
body composition components can be obtained by
bioelectrical impedance analysis, which allows to
determine fat and lean body mass, skeletal muscle
mass, as well as body water content, especially in
patients with edema. In addition, this study is char-
acterized by non-invasiveness and high precision of
the results obtained. Bioelectrical impedance anal-
ysis is a more optimal method in the assessment of
malnutrition than BMI and serum albumin level.
R. Valtuille et al. demonstrated that the degree of
hydration determined by bioelectrical impedance
analysis is more reliable method for assessing poor
nutrition than the BMI index and serum albumin
level [36]. M. Tabinor et al. demonstrated that the
degree of hydration determined by bioelectrical
impedance analysis is an independent predictor of
death in hemodialysis patients [37].

According to T. Yurugi et al., the increase in
visceral fat area (calculated by formula S = V/h,
where V'is the volume of fat tissue, h is the length
of the scan zone) in patients on hemodialysis is
more common than high BMI, increased low den-
sity lipoprotein cholesterol and triglyceride levels
[38]. In studies of A.C. Cordeiro et al., the asso-
ciation of visceral obesity with inflammation and
protein-energy wasting was identified as a risk
factor for increased mortality [39]. Thus, this
study confirms the hypothesis that the fat tissue
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Hawunbosnee TouHy0 nHGOPMAIIUIO O COOTHOIIIE-
HUY KOMIIOHEHTOB COCTaBa T€JIa MOXKHO ITOJIYUYUTh C
IIOMOIIBI0 OMOMMITEAHCOMETPHUH, KOTOPAsl MO3BO-
JISIeT OIPEAETUTD JKHUPOBYIO U TOMIYI0O Maccy, Mac-
CYy CKeJIETHBIX MBIIII], a TAKKe COfIepKaHUEe BOJIBI
B OpraHu3Me, OCOOEHHO Yy MHAI[MeHTOB C HaJIMYHU-
eM oTekoB. Kpome Toro, JaHHOe HccieoBaHUE Xa-
paKkTepusyeTcsi HEMHBA3UBHOCTHIO U BBICOKOU TOY-
HOCTBIO TIOJIyYaeMbIX pe3yJIbTaToB. buonmmnenaH-
COMETpUS ABJISIETCA O0JIee ONTUMATbHBIM METO/IOM
B OIIEHKE HE/IOCTATOYHOCTH ITHUTAHUS, YeM HHJEKC
MacChl TeJIa ¥ YPOBEHBb CHIBOPOTOUHOTO aJIbOYyMUHA.
R. Valtuille et al. mposemoncTpupoBamy, 4To CTE-
[IEHb TUJIpATAI[UH, OIIPE/IeJIEHHAS METOAOM OHOUM-
IeZJAaHCOMETPHH, SIBJIsIETCA O0JIee HaZIeXKHBIM METO-
JIOM OIIeHKU HEJOCTATOYHOCTH ITUTAHMUS, YEM OIlpe-
JleJIeHre MH/IeKCa MacChl TeJIa U YPOBHS ChIBOPOTOY-
Horo aynpbymuHa [36]. M. Tabinor et al. mpogeMoH-
CTPUPOBAJIH, UTO CTENEHb TU/[PaTAI[UU, OIIPE/IETIEH-
Has METOZIOM OHOMMIIE/IAaHCOMETPUH, ABJIAETCA He-
3aBUCHMBIM ITPEIUKTOPOM JIETATLHOT'O KCXO/IA Y TTa-
IIMEHTOB Ha remoauasuse [37].

ITo nauusiM T. Yurugi et al., yBesuuenue mo-
IaJI1 BUCIEPAJIBHOTO KHUpa (PacuuTHIBAETCS II0
dbopmyne S = V/h, tne V — o6bem kieTyaTku, h —
JUIMHA 30HbI CKAHUPOBAHMU ) ¥ GOJIbHBIX HA F€MOIH-
ajn3e BCTpedaeTcd yaie, yeM Beicokne UMT, ypos-
HU JIUIIOIPOTENIOB HU3KOH IIOTHOCTH U TPHUIJIE-
uupuzos [38]. B uccienoanusx A.C. Cordeiro et al.
ObLIa BBISIBJIEHA CBSI3b BUCIEPAJIBHOTO OXKUPEHUS
¢ BOCITAJIEHUEM U OEJIKOBO-3HEPreTHYECKOU HeJI0-
CTaTOYHOCTHIO KaK (paKTOpa pUCKa YBeJINUEHU Jie-
TasbHOCTH [39]. TakuM 00pa3oM, 3TO UCCIIe/IOBAHIE
[IO/ITBEPIK/IAET TUIIOTE3Y, UYTO PACIIPEJIeJIEHNe JKU-
POBOH KJIETYATKH B OpraHU3MeE MOKET OKa3bIBATh
pasyInYHOe BIIMHUE HAa UCXOJ 3a001eBaHus1. BoIsas-
JIeHa CBSI3b a6IOMUHAJIBHOTO KUPA ¢ KaJIbIudUKa-
el KOPOHAPHBIX apTepUi y MaIlUeHTOB C JI0/IHa-
su3Hol XBII u HaxoAAIIMXCA HA TPOTPAaMMHOM Te-
MOJIMIAJIN3€ U OIIpeZiesieHa ero MOTEHI[UAIbHA POJIh
Kak (QakTopa Cep/IeYHO-COCYZUCTOTO PUCKA IIpU
ypeMmuu [40, 41].

HccenenoBaHus MHOTHX aBTOPOB IIOKA3aJIH, UYTO
BHUCIIEPAJIBHOE OKUPEHUE CBA3AHO C HAPYIIEHHBIM
JIMTIUTHBIM OOMEHOM, ITPOBOCIIATUTEHPHON aKTUB-
HOCTBIO ¥ HHCYJIMHOPE3UCTEHTHOCTHIO KaK B 00IIeH
MOIYJIAIAN, TAK U Y O0JIBHBIX Ha reMozirause. Kpo-
Me TOT0, OIIFICAHA CBS3b BUCIIEPATHHOTO O3KUPEHHUSI C
BOCIIAJIEHUEM U aTEPOCKJIEPO30M U, KaK CJIEJICTBUE,
CEep/IEYHO-COCY/IUCTBIMU COOBITUAMU U CMEPTHO-
CTHIO V TIAITUEHTOB, HAXOASAIINUXCA Ha Auanuse [39].
HUccnenoBanue, nposeseHHoe Y. Moriyama et al.,
BBIABUJIO 3HAYUTEJIBHO 00Jiee BBICOKYIO YaCTO-
Ty CEpIeYHO-COCYAUCTBIX 3aboJsieBaHUM, 0cOOeH-

distribution in the body can have different effects
on the disease outcome. The association of abdom-
inal fat deposition with coronary artery calcifica-
tion in patients with pre-dialysis CKD and those
on program hemodialysis was identified and its
potential role as a factor of cardiovascular risk in
uremia was determined [40, 41].

Studies by many authors have shown that
visceral obesity is associated with impaired lipid
metabolism, pro-inflammatory activity and in-
sulin resistance in both the general population
and hemodialysis patients. In addition, the asso-
ciation of visceral obesity with inflammation and
atherosclerosis and, as a consequence, cardiovas-
cular events and mortality in patients on dialysis
are described [39]. The Y. Moriyama et al. study
revealed a significantly higher cardiovascular in-
cidence, especially ischemic heart disease (ICD),
high levels of serum triglycerides, and significant-
ly lower level of high density lipoproteins (HDL)
in hemodialysis patients having visceral fat tissue
area of 100 cm? or more [42]. E. Ishimura et al.,
studying the association between adipose tissue
distribution and chronic inflammation in hemo-
dialysis patients, found that it is the accumulation
of fat mass in the abdominal region at the level of
IV=V lumbar vertebrae is reliably associated with
the level of highly sensitive C-reactive protein in
blood serum [43].

M.C. Amato et al. offered the visceral adipos-
ity index (VAI) based on the results of waist cir-
cumference measurement, BMI calculation, de-
termination of triglyceride and HDL cholesterol
levels [44]. According to a number of researchers,
VAI is associated with cardiometabolic risks and
is a predictor of cardiovascular events involving
ischemic heart disease and cerebrovascular dis-
eases in general population. However, it should be
noted that the significance of VAI in hemodialy-
sis patients is not sufficiently studied. A number
of studies have demonstrated that VAI is a better
predictor of cardiovascular outcomes than WC,
WC/height ratio and BMI [44, 45]. At the same
time, a large population study showed that VAI is
a weaker predictor of cardiovascular disease than
simple anthropometric parameters, such as WC or
WC/height ratio [46].

According to B. Mohammadreza et al., in com-
parison to the results of computed tomography, the
WC/ height ratio and VAI are less precise criteria
for assessing the morbidity and mortality risk in
obese hemodialysis patients [47].
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HO umemMudeckor Oosesnu cepana (MBC), BbIico-
KU€e YPOBHU CHIBOPOTOUHBIX TPUTJIUIIEPH/IOB U 3HA-
YUTEIbHO 00Jiee HUBKUH YPOBEHD JIUIIOIPOTENIOB
BBICOKOH mioTHOCTH (JITIBII) y mariueHTOB Ha IIpO-
rpaMMHOM TeMOJIHaJIN3€e, UMEIIINX IJIOIIA (b BHUC-
IiepajbHOI KHUPOBOH TKaHU 100 cM? U 6Gosiee [42].
E. Ishimura et al., u3y4ast B3aMOCBs3b MEK/1Y pac-
pesieJIeHUeM KHUPOBOU TKAaHU 1 XPOHUYECKUM BOC-
IaJIeHueM y MaIUeHTOB Ha TeMOINAJIN3e, YCTAHOBHU-
JI¥, YTO UMEHHO HAKOILJIEHUE JKHPOBOU Macchl B ab-
JIOMUHAJILHOM 06J1acTu Ha ypoBHe IV-V mosicHu4-
HBIX IIO3BOHKOB JIOCTOBEPHO aCCOIUIPOBAHO C YPOB-
HEM BBICOKOUYBCTBUTEJIBLHOTO C-peaKTHBHOTO OeJi-
Ka B CBIBOPOTKE KPOBH [43].

M.C. Amato et al. mpeioKeH UHIEKC BHUCIE-
panbpHOTO OkupeHusi (MBO), ocHOBaHHBIA Ha pe-
3yJIbTaTax H3MEPEHUs] OKPYKHOCTH TaJIMH, pac-
yeta UMT, onpezesieHnun ypoOBHA TPUIIULIEPUOB
u xosiecrepuna JIIIBII [44]. I[To MHeHUIO psa ucC-
cienoBareneii, IBO acconmuupoBaH ¢ Kapauome-
TabOJIMYECKUMHU PUCKAMHU W SIBJISIETCS TPETUKTO-
POM KapAHOBaCKYJIAPHBIX COOBITHIN, BKIIIOUAOIIX
UIIIEMUYECKYI0 0OOJIE3HB cep/lla U IepedpoBacKy-
JIApHBIE 3a00J1€BaHus B 00MIel monysisaiuu. OnHa-
KO HEeoOXOAMMO OTMETHUTbh, 4TO 3HauumocTtb MBO
y OOJIbHBIX Ha reMOJHaJIN3e U3y4ueHa He0CTaTOU-
HO. PAj uccsienoBaHuil IpoAEMOHCTPHUPOBAJIH, YTO
NBO saBisgeTrcd Jy4dlIInM OPeJUKTOPOM CepJleuHO-
cocynucthix ucxonos, yem OT, cooTHomenue OT/
poct u UMT [44, 45]. B To ke Bpems IpoBeieHHOE
0oJIBIIIOE TIOMYJISIMOHHOE HCCJIE0OBAHUE IMOKa3a-
710, uto UBO — Gosiee ciabblii TPeAUKTODP BO3HUK-
HOBEHUS CEP/IEYHO-COCY/TUCTHIX 3a00JIeBAHUU, UEM
IIPOCThIE AHTPOIIOMETPHUUECKHUE ITOKA3ATEIU, TAKHE
kak OT wuu cootHorernre OT/poct [46].
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CONCLUSION

Numerous studies have demonstrated a high
prevalence of nutritional status disorders in hemo-
dialysis patients. However, the prevalence of these
disorders varies depending on the method used to
determine them. Thus, to date, the search for the
most optimal method for diagnosing nutritional
status disorders that affect the prognosis continues.
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ITo muenuo B. Mohammadreza et al., mo cpas-
HEHUI0 C Pe3yJIbTaTaMH KOMIIBIOTEDHOW TOMOI'pa-
¢un cootrnomenue OT/poct u UBO saBastoTcs me-
Hee TOYHBIMHM KPUTEPUSIMH OIIEHKH 3a00JIeBaeMO-
CTH ¥ PUCKA JIETAJIBHOTO HUCX0/a Y OOJBHBIX C O3KHU-
pEeHHEM Ha IPOTPaMMHOM TeMozuause [47].

SAK/IIOYEHMUE

IIpoBenieHHBIE MHOI'OYMCJIEHHBIE HCCIIE[OBa-
HHS TPOJIEMOHCTPUPOBAJIM BBICOKYIO pacIpocTpa-
HEHHOCTh HapylIIeHUH HYTPUTUBHOTO CTaTyca y
60pHBIX Ha remopuanuide. OFHAKO pacIpoCTpa-
HEHHOCTD 3TUX HApYyIIeHU! pa3jindaercs B 3aBUCH-
MOCTH OT METO/a, UCIIOJIb3yEeMOT0 JIJIsI UX OIlpeJieie-
Hus. Takum 06pa3oM, Ha CErOHANIHUU JIeHb IIPO-
JIOJIKAETCSA MTOVICK HanboJsiee ONTHMAaIBHOTO METO/IA
JUISl IUATHOCTUKYU HapyLIeHUH HYTPUTHUBHOTO CTa-
Tyca, BJUAIONIETO HA ITPOTHO3.

KoHdIuKT nHTEpEeCcOB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUM KOH(IINKTA HHTEPECOB.
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CBEJAEHUA NJId ABTOPOB

TPEBOBAHUA K IIPEJOCTABJIEHU IO
MATEPHAJIOB JJIA IIYBJIMKAIIN N

B JOURNAL OF SIBERIAN MEDICAL
SCIENCES

B Journal of Siberian Medical Sciences (gaiee —
JSMS) ny6IUKyIOTCSI HayYHbIEe 0630pbI U CTAaThH IO
MEIUIMHCKUM HayKaM, IIOJIrOTOBJIEHHbBIE TI0 MaTe-
pUajiaM OpUTHHAJIBHBIX HAyYHBIX HCCJIEOBAHUH.
JSMS BBIXOAUT 4 pasa B rof,.

TpeboBaHUs, MPeABIABIAsAEMble K MyOIUKaIIM-
aMm B JSMS, chopmynupoBaHbl ¢ yuyeToM TpeboBa-
HUU, TPETbABJISIEMBIX K PEIEH3UPYyEMbIM HAyYHBIM
U3IaHUSAM, B KOTOPBIX JIOJI3KHBI OBITH OITyOJIHUKOBA-
HbI OCHOBHBIE HAyUHbIE PE3YJIbTaThl JUCCEPTAIUN
Ha COMCKAHWE YYeHOU CTElleHW KaHJuaaTa U JIOK-
TOpa HayK.

CraTbu, OTIIpAaBJIEHHbIE aBTOPAMH B JIPyTHE U3-
JaHWsA U/UIU HalledaTaHHbIE paHee B HUX, K OITy-
OJIMKOBAaHUIO HE TPUHUMAIOTCS.

I[Ipy onucaHWM HAYYHO-HCCJIEN0BATETbCKUX
KJIMHUYECKUX pabOT ¢ TPUBJIEYEHHEM UYeJIOBeKa
B KauecTBe 00BEKTA KMCCJIEIOBAHUS aBTOPHI JOJIK-
HBI YKa3aTh, COOTBETCTBOBAJIM JIU OHH MEXKIyHa-
POITHBIM M POCCUHCKHM 3aKOHOJIATEJIbHBIM aKTaM
0 IOPUNYECKUX U STUUECKUX MPUHITUIIAX MEUKO-
OMOJIOTHUECKUX UCCJIETOBAHUH Takoro poza. He mo-
IyCKaeTCsA MCIOJIb30BaHUE (PaMUJINU, WHUIIUATIOB
60JIPHBIX M HOMepOB ucropuil 60se3nu. [Ipu omnu-
CaHUM SKCIEPUMEHTOB Ha >KWUBOTHBIX HEOOXOmu-
MO yKa3aTh, COOTBETCTBOBAJIO JIX COJIEPKAHUE U UC-
M0JIb30BaHUE JTAOOPATOPHBIX JKUBOTHBIX IIPABUJIAM,
MIPUHSATHIM B YUPEXKJIEHUHN, PEKOMEHIAIIUAM HaIlu-
OHAJIPHOTO COBETA II0 HMCCJIEIOBAHUAM, HAI[LIOHAIb-
HBIM 3aKOHAM.

ABTOpCKUE ITpaBa cOOJII0IAI0TCS B COOTBETCTBUH
¢ I'paxkganckum koziekcom Poccuiickoit esepanuu
(4. 4) ¥ IPyTUMH JAEUCTBYIOIUMUA HOPMATHBHBIMU
JIOKyMeHTaMU. ABTOPBI HECYT MOJIHYIO0 OTBETCTBEH-
HOCTbD 3a CO/Iep>KaHUE CTaTewH.

B penaknuio JSMS aBTOpHI JIOJIKHBI TTPE/IOCTA-
BUTD:

1) 2/1eKMpPOHHYI0 8epculd Ccmambvl, MOATOTOB-
JIEHHYIO B COOTBETCTBUH € TPeOOBAHUAMU K 0DOpPM-
JIEHUIO CTaTeH, U3JI0KEHHBIMU HUKE;

2) opu2uHa1 cmambu B TIEYaTHOM BHU/JIE C yKaza-
HHEM TOpOJia, AaThl, GaMUJINH C TMOAMUCHI0 KaXKI0-
ro aBTopa (Ha MMOCJIeJIHEN cTpaHUIlE), BU3oU «B me-
YaTh» W MOJIKCHIO (Ha TIEPBON CTPAHHUIIE) 3aBEIY-
o1Iero kadeapoil WM WHOTO JO?KHOCTHOTO JIMIIA
opraHusaiui, Ha 6aze KOTOPOH BBITIOJIHEHO HCCTIEe-

JIoBaHUE. ABTOPBI IIPEIOCTABSIOT CTAThU B pelaK-
W0 JINYHO WUJIY II0 IOYTE;

3) cozaacue Ha TyOJTUKAIAIO cTaThu B JSMS 1 06-
paboTKy IepCcoOHATbHBIX TAHHBIX AaBTOPOB (3aIT0JTH -
eTcs KasK/IbIM aBTOpoM) (cM. Ha catite HTMY: www.
ngmu.ru/cozo/mos);

4) nnsa corpyaaukos ®I'6OY BO HI'MY Muns-
npasa Poccuu (manee — HI'MY) — axcnepmHoe 3a-
KANUeHue OTJiesia KOOpAWHAIMK  (eepaabHbIX
IporpaMM, KOHKYPCHBIX ITPOEKTOB U WHHOBAITUOH-
HOTO Pa3BUTHsA YIIPABJIEHUS [0 HayKe, MHHOBAIIH-
aM 1 uHdopmaruzanuua HI'MY (cMm. www.ngmu.ru);
JIJisl CTOPOHHHUX aBTOPOB — HANpas/eHue Ha ony-
6auxogaHue Ha pupMeHHOM OJIaHKE OpraHU3allNH,
Ha 0a3e KOTOPOU BBINIOJIHEHO OPUTHHAJIBHOE HAyd-
HOE HCCJIeJIOBAaHUE, 32 IOJAIHUCHI0 OTBETCTBEHHOTO
JIOJI3KHOCTHOTO JIUTIA.

IIPABUJIA O®POPMJIEHU A
PYKOIIVUCEM

1. TexcT cTaTpu HaOUpaeTcs B TEKCTOBOM PeaK-
tope Microsoft Word, Open Office u ap., Bce mosist
2 cM, mpudT Times New Roman, kersip 12, Mex-
CTPOUHBIA WHTEpBaJa 1,5. TeKCT cTaTbu HEOOXOMH-
MO HAIlpaBUTH B pefakmuio JSMS B BUjie OT/Ie/IbHO-
ro ¢atina c ykazanuem OO nepBoro aBropa — I1Ba-
HoB M.U. Tekct.doc. Jlomryckaercst oTpaBka ¢aiios
B ¢hopmarax doc, docx.

2. ®MIO aBTOpOB HAOUpAETCSA CTPOUHBIMHU OyKBa-
MM KypCHBOM Ha PyCCKOM fA3bIKe. FIHUIIHAIbI TOMe-
mamTes nepest pamuineit apropa. Ilopsanok, B KOTo-
poM OyZyT yKa3aHbI aBTOPBI, OIIPENIEIAETC UX CO-
BMECTHBIM pellleHHEM.

3. Topon u HasBanume MecT pabOTHI aBTOPOB
0hOPMJIAIOTCSI CTPOYHBIMH OyKBaMH KYPCHBOM
Ha PyCCKOM f3BIKe.

4. Crathsl [OJKHA COZEPIKATh AHHOTALIHIO
Ha PYCCKOM fI3bIKe. B aHHOTanmu KOKHBI OBITH U3-
JIOKEHBI IIeJIM HCCJIEJIOBAHUSA, OCHOBHBIE IIPOLIEe-
JIypBl, Pe3yJIbTaThl OPUTHMHAJIBHBIX HCCJIEZOBAHUN
U BeIBOABL [lo1 aHHOTammMel moMemnaeTcs moA3aro-
J1I0BOK «KitroueBble c10Ba», IIOCJIe Hero /10 10 KJioue-
BBIX CJIOB WJTU KOPOTKUX (dpas, KOTOpble OYIyT CIIo-
cOOCTBOBATHh IPABUJIBHOMY WHEKCUPOBAHUIO CTa-
ThU B IIOMCKOBBIX CHUCTEMAax U CHCTEMAaX ITUTHUPO-
BaHUsA. AHHOTAIIUIO HEOOXOAMMO HAINIPABUTh B pe-
nmaknuio JSMS BMecTe ¢ TEKCTOM CTaTbU B BUJIE OT-
JespHOTO (haiina ¢ ykazanueM ®HO mepBoro aBTo-
pa — WBauos W.U. annortarus.doc. Takxke mpeno-
CTaBJIAIOTCA CBEZIEHUA 0 KaKJ0M U3 aBTOPOB: (paMu-
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JIUSL, UMsI, OTYECTBO (IIOJTHOCTHIO HA PYCCKOM SI3BIKE
U B TPAHCJIUTEPAIUN), YUEHbIE 3BAHUS U yUeHas CTe-
MIeHb, JOJIKHOCTh, MECTO paboThl, pabounii TesredoH
U ajipec 3JIeKTPOHHOH mouThl (e-mail). CBeneHus He-
00X0TUMBI 17151 00paboTKU MybinKanuil B 6ase maH-
HBIX Poccuiickoro WHAEKCAa HAYYHOTO ITUTUPOBA-
HUA U IPYTUX CUCTEMAaX ITUTUPOBAHUsA. AHHOTAIUS,
KJIIOUeBbIE CJI0Ba, nHGOpMaIus 06 aBTopax 1 Ha3Ba-
HUe YIPEXKJAEHUN JOJIKHBI OBITh TaKKe IIPETOCTAB-
JIEHBI Ha QaHIJIMHCKOM SI3bIKE.

5. TabuIlel MOMeEIAITCSA B TEKCT CTaThu. Ta-
GJIUIIBI AOJIKHBI OBITH ITPOHYMEPOBAHBI IIOCJIE0-
BaTEJIBHO B COOTBETCTBUU C MOPSAAKOM, B KOTOPOM
OHU YIOMHHAIOTCA B TeKcTe (Hampumep, Tabi. 1,
TabJy. 2 U T. 71.).

6. PUCYHKU BCTaBJISIOTCA B TEKCT CTAaThbU, a TaK-
JKe IIPEJIOCTABJIAIOTCS B BHJIE OT/AETbHBIX IIPOHYMe-
poBaHHBIX (daiiyioB ¢opmaTa .jpg unu .gif ¢ paspe-
meHueM He MeHee 300 dpi. PUCyHKU /TOJZKHBI OBITH
KOHTPACTHBIMU U YETKUMU, OYKBbI, TUGPBI U CUM-
BOJIBI HA HUX JIOJIKHBI OBITh Pa3JIMINMBI. PrcyHKa-
MU CYUTAIOTCA I'paduKy, peHTreHorpaMMmbl, GhoTo-
rpadun unu JoOble Apyrue rpadudeckue oObek-
Th1. ®oTOrpadu I/l He TOKHBI ObITh Y3HABae-
MBIMH, JTUOO0 K HUM JIOJIKHO OBITH ITPUJIOZKEHO MTHCh-
MEeHHO€e pa3pellleHre Ha UX IMyOJIuKaIuo. PucyHku
JIOJKHBI OBITh MPOHYMEPOBAHbBI IMOCJIEI0OBATETHHO
B COOTBETCTBHUU C MOPSTKOM, B KOTOPOM OHH BIIEP-
Bble YIIOMUHAIOTCS B TEKCTE — PHC. 1, PUC. 2 U T. [I.
IMoamucy pasMerialTcs B TEKCTE IO PUCYHKAMHU.
B mommucsax k MukpodoTtorpadusiM yKa3bIBAeTCs
CTelleHb YBeJTUYEHU s U CIIOCOO OKPACKHU.

7. B TekcTe cTaThy KCHIOJIB3YIOTCS CIIEYIOITNE 3a-
TOJIOBKU: BBeJIEHUE, IIeJIh MCCJIEZIOBAHUS, MaTepua-
JIBI I METOJIBI, PE3YJILTATHI K 00CYK/IEHUE, 3aKTIOUe-
HUeE, CIIUCOK JINTEPATYPHI.

8. Hcnonp3yoTes TOJIBKO CTaHZAPTHBIE OOIIe-
IIpUHATHIE COKpaleHus (ab6pesuatypol). He mpu-
MEHSIOTCs COKpAIlleHUsI B Ha3BaHUU cTaThu. [loji-
HBIU TEPMUH, BMECTO KOTOPOT'O BBOZUTCS COKpAIIe-
HUe, JOJKEH IPEAIIEeCTBOBATh IIEPBOMY HCIIOJIH30-
BAHUIO 3TOTO COKPAIIEHHUS B TEKCTE.

9. O6sI3aTeIPHO HAJIMYHUE CIIMCKA JIUTEPATYPBL.
Bubanorpaduueckue CChIJIKU B TEKCTE CTATHH TAI0T-
cs apabckuMu nudpaMu B KBaJIpaTHBIX CKOOKaX, B
IIOJTHOM COOTBETCTBUM C HyMepaIllen CIIUCKa JIUTe-
patypbl. CChLIIKU B TEKCTE CTAThH JOJIXKHBI TABATHCS
MOCJIEA0BATEIBHO 110 Bo3pacTtaHumo: [1]...[2]...[3]... »
T. 1. Pa3BepHyTOE OIIMCAHKE UCTOYHHMKA B CITHCKE JIH-
TepoaTypsl npegocrasisaoores 1o I'OCT 7.0.5-2008.
Croucok JUTepaTyphl JIOJIKEH COZepKaTh Iy0sIu-
KaIlM¥ 3a IOoCJeIHue 5 JeT. B crucke JuTepaTyphl
Bce HHGOPMAIIMOHHBIE HCTOUHUKY ITEPEIHCIIOTCS
B IIOPS/IKE UX ITUTUPOBAHMUS.

10. Pemaxnus JSMS Geper Ha cebs mpucBOeHNE
KaK/oi my6smkyemoi cratbe HoMepa Y/IK u ocy-
IIECTBJIEHUE TIOJTHOTO TIEPEBO/Ia CTAThH HA aHIVIMU-
CKUU A3BIK.

11. CTaThy, HE COOTBETCTBYIOIINE YKA3aHHBIM pe-
JIaKIreld TpeOOBaHUAM, K OIYOJIMKOBAHUIO He IIPU-
HUMAIOTCA.

IMOPAAJOK PEIEH3UMPOBAHUA
PYKOIIUCEM, IPUHUMAEMBIX /114
IIYBJINKANINUA

1. Pykomnucu crared, HOCTyIUBIINX B PeJaKLIUIO,
HAIPaBJAIOTCA JUIA PeleH3UPOBAHUA UJIeHaM pe-
JIAKITMOHHOTO COBETA C IIeJIbI0 UX HKCIEPTHOU OlieH-
K{ Ha IpeAMeT COOTBETCTBUA TpeboBaHusAM JSMS
u Bplcuieil arTecTaliuOHHON KOMHCCUU Ipu MUHU-
cTepcTBe 00pa3oBaHus U HayKu PO.

PerteH3eHTBI yBEAOMJIAIOTCA O TOM, UTO B LIEJIAX
obecrieyeHNs1 aBTOPCKUX U JIPYTHUX HENMYIIECTBEH-
HBIX [IPAB IPUCJIAHHbIE PYKOIIMCH He TOJIJIeKaT pas-
IVIAIIeHUI0, KOIMPOBAHUIO, paclpocTpaHeHuo. Pe-
LIeH3UPOBaHUE IIPOBOIUTCA AaHOHUMHO.

ITpu oTka3e B HaIIpaBJIeHUH Ha pPelleH3UpOBaHUE
Ipe/icTaBJIeHHON aBTOPOM PYKOIIMCH peJlaKIus Ha-
IpaBJjisieT aBTOPY MOTHUBUPOBAHHBIN OTBET B BJIEK-
TPOHHOM BUJIE.

Pemakmusa »xypHasa 10 IHCBMEHHOMY 3aIlpocy
HAIlpaBJIsieT aBTOpPAM peleH3UN Ha MOCTYIUBIINE
MaTepuasIbl B 3JIEKTPOHHOM BH/le. ABTOPBI 00s3aHbI
y4ecThb 3aMeUaHUs PEeH3eHTOB U BHECTU B CTAThIO
COOTBETCTBYIOIIVE UCIIPABJIEHUS NN IIPEIOCTABUTh
MOTHUBHPOBAHHBIA OTBET O HECOIVIACUU C 3aMeYaHU-
SIMHU perleH3€eHTa.

PepaknmonHas KoJjlerds NPUHUMAeT pelleHue
0 BO3MOKHOCTHU IyOJIMKAITUN CTAThU WJIM OTKJIOHSA-
eT e€ 110 pe3yJIbTaTaM pelleH3UPOBaHUA.

Penen3un xpaHATCA B peaKIUU JKypHaIa B Te-
JeHUe 5 JIET C MOMEHTA Iy OJINKaIIHH.

2. Perakniyieil He JIOITyCKAIOTCA K IIyOJIMKAIAN:

— CTaThH, TeMaTHKa KOTOPBIX HE COOTBETCTBYET
HAayYHOMY HaIlpaBJIEHUIO KypHAJIa;

— cTarby, aBTOPHl KOTOPBIX OTKAa3bIBAIOTCH
OT TEXHUYECKOU JIOPAOOTKHU CTaTEM;

— CTaThU, aBTOPBI KOTOPBIX HEe BHECIIN KOHCTPYK-
TUBHBIE 3aMeUaHUs peleH3eHTa B TEeKCT CTaThbU
U He IIPeJI0CTaBUIIN MOTUBUPOBAHHBIN OTBET O HECO-
IVIACHHU C 3aMeYaHUAMHU PelleH3eHTa.

B cityyae OTKJIOHEHU CTAaThU peJaKIUsA HAIIpaB-
JIsleT aBTOPY MOTHUBUPOBAHHBIH OTKa3. Pepmakius
JSMS He XpaHUT PYKOIIUCH, He IPUHATHIE K ITe4aTHh.
Pyxonucu, mpuHATHIE K MyOJIMKAIIUY, He BO3Bpalla-

IOTCA.
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