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BO3MOXHOCTU UCNONb3OBAHUA NPUPOAHOTO CbIPbA
B COCTABE BCMOMOTATE/IbHOM TEPAMUU TYBEPKY/IE3A:
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IpusHaku pocma pacnpocmpaneHHOCmy myOepKyie3a ¢ MHOXCECMBEHHOU TeKaAPCMBEHHOU YCMOUMUBOCNbIO,
HU3KAsL pe3yTbMamueHOCb Mepanuy 2080psant 06 0cmpoil HeoOX00UMOCIU peueHus 3a0ay, HanPaeLeHHbIX Ha NOGbl-
wenue IhHeKMuHOCMU IeUeHUs; CHUNCEHUE MOKCUYHOCIU U NOOOYHO20 OelicmEus NPOMuEonty0epKyi1e3HbIX 1eKap-
CMBEHHBIX NPenapamog, obecneyerue Xopowet nepeHOCUMOCHU U HENPEPbIBHOCIU XUMUOMEPANUU; CHAMUe CUM-
NMOMO8 UHMOKCUKAYUU, CEAZAHHBIX C Oelicmeuem 6030y0umensi Ha Op2aHu3M, YIyUUuleHIe Kauecmed HCUsHu O0TbHbIX
6 nepuoo mepanuu u pemuccuu. Lenv: uzyuenue ceedenuil HapOOHOU MeOUYUHBI, OAHHBIX HAYYHBIX UCCAe008AHUI,
KACarowuxcsi UCHONb308AHUSL CbIPbSL NPUPOOHO20 NPOUCXOdCOeHUs (DACMUMETbHO20, HCUBOMHO20 U MUHEPATLHOZO)
60 6cnomozamenvroll mepanuu mybepkyiesa. Mamepuanst u memoowvl. Hccnedosanie npogoousiocs ¢ UChoIb306a-
HUEM UHPOPMAYUOHHO-NOUCKOBLIX U bubnuomeunvlx 6a3 dannvix (PubMed, eLIBRARY, Cyberleninka), mexuuuecroii
unghopmayuu npoussooumeneii BA/l k nuwje, a maxace Mamepuaivl caiimos, NOCEAUeHHbLe UCHOTbI0BAHUIO PACU-
METbHO20, HCUBOMHO20 U MUHEPATLHOZO CbIPbsL 8 HAPOOHOU Meduyure. Pesynvmamut u oocyycoenue. Bvisignero, umo
6cnomozamenvHas mepanus myoepKyne3a sKaouaem 6 ceos cpeocmea npUPoOHO20 NPOUCXONHCOCHUS . PACHUMENbHO-
20, HCUBOMHO20 U MUHEPATLHO20. Kak nokazvisarom oanubvle ucciedo8anuil, npUMeHeHue umomepanuu HanpasieHo
Ha yculeHue ouypesd, 00ecneuusaioeco 6bl6e0eH e MOKCUUHbIX GeleCne U Ux Memadonumos, a Maxice CHUNCEHUS.
00Uye20 ypoeHs MOKCUHOE; YCUTEeHIEe AHMUOKCUOAHMHOU 3AWUMbl OPAHUIMA, U 8 YACTNHOCIU NEYeHU, KOMNEeHCAYUIo
VCUTIEHHO20 ROMPEeONeHUs. GUMAMUHO8, AMUHOKUCTION U MUKPOILEMEHNO8 NeUeHbIO, AKIMUBHO Memaborusupyoujell
KCeHOOUOMUKU, @ MAaKdHce NosblueHue obweli yemouyugocmu opeanusma. buonoeuvecku akmusnvie eewjecmea pac-
meHuil, 8 YACMHOCMU IPUpHble MACLA, NOTUAYEMUTEHb, ATKATOUObL 001A0AOm Cneyupuyeckol aHMmumMuKpoOHoU
AKMUBHOCTBIO 8 OMHOWEeHUU MUuKobakmepuii mybepkynesa. CXoxcyro QyHKYUIo blNOIHAEM CoIPbe HCUBONHO20 NPO-
UCXOAHCOEHUS, AGTAIOUEEeCs UCHOUHUKOM 8UMAMUHO8, AMUHOKUCTIONT, MUKposiemenmog. Ommeuaemcs maxoice nep-
CNEKMUBHOCHb UCNONb30BAHUS MUHEPATLHO20 CbIPbs NPUPOOHO20 NPOUCXOHNCOCHUSL 80 BCHOMOAMENbHOU Mepanuil
mybepkynesa. 3akarouenue. Takum o6pazom, 6CHoMo2amenbHas mepanus myoepKyniesa ekauaen 6 ceos cpedcmed
NPUPOOHO20 NPOUCXONHCOCHUSL: PACIUMETBHO20, HCUBOMHO0 U MUHEPATLHO20, I(PDEKMUBHOCTL UCTONb30BAHUS KO-
MOPLIX NOOMEEPAHCOALMCA 1AOOPATMOPHLIMU U KIUHUYECKUMU UCCTE008AHUAMU.

Knrouesvie cnosa: mybeprynes, cpeocmsa npupooOHo20 NPOUCXONHCOCHUSL, PACMUMENBHOE ChIPbE, CbIPbE HCUBOM-
HO20 NPOUCXOHCOCHUS, MUHEPATLHOE CbIPbE
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POSSIBILITY OF NATURAL RAW MATERIALS USE
IN THE FORMULATION OF ADJUVANT THERAPY OF TUBERCULOSIS: EX-
PERIENCE OF FOLK MEDICINE, MODERN STATE OF STUDIES

M.E. Kim, K.B. Murzagulova, S.B. Evseeva

“Pharmaceutical Company “Romat™ LLP,
33, Kamzin Str., Pavlodar, Kazakhstan, 140000
E-mail: shevseeva@yandex.ru

The signs of growth in the prevalence of multidrug-resistant tuberculosis, low effectiveness of therapy indicate the
urgent need to solve problems aimed at the improvement of the effectiveness of treatment: the reduction of toxicity and
side effects of anti-tuberculosis drugs, the provision of good tolerability and continuity of chemotherapy; the removal
of symptoms of intoxication associated with the action of the pathogen on the body, the improvement of the quality
of life of patients during therapy and remission. The aim of the investigation is to study the data of folk medicine,
scientific research data concerning the use of raw materials of natural (vegetable, animal and mineral) origin in the
adjuvant therapy of tuberculosis. Materials and methods. The study was carried out using information retrieval and
library databases (PubMed, eLIBRARY, Cyberleninka), technical information of manufacturers of dietary supple-
ments to food, as well as site materials dedicated to the use of vegetable, animal and mineral raw materials in folk
medicine. Results and discussion. The adjuvant therapy of tuberculosis includes remedies of natural origin: vegeta-
ble, animal and mineral ones. According to the research data, the use of phytotherapy is aimed at enhancing diuresis,
which ensures the elimination of toxic substances and their metabolites, as well as the decrease of the overall level of
toxins; the strengthening of the body’s antioxidant defense, and liver specificity, the compensation for the increased
consumption of vitamins, amino acids and microelements by the liver, which actively metabolizes xenobiotics, as well
as the increase of the body’s overall resistance. A long-term benefit of using natural mineral raw materials in adjuvant
therapy of tuberculosis is also observed. Conclusion. Thus, adjuvant therapy of tuberculosis includes the use of raw
materials of natural (vegetable, animal and mineral) origin, the effectiveness of which is confirmed by laboratory and

clinical studies.

Keywords: tuberculosis, remedies of natural origin, vegetable raw materials, raw materials of animal origin,

mineral raw materials

BBenenne. PacmpocTtpaHeHHOCTH — TyOepKylnesa
C MHOXECTBEHHOM JIEKQpCTBEHHOW YCTOMYMBOCTHIO,
HU3Kas H(PQPEKTHBHOCTH JICUCHHUS TOBOPSAT 00 OCTpOit
HEOOXOAMMOCTH pEIICHHs 3ajad, HalpaBJCHHBIX Ha
TIOBBIIIICHUE PE3YIBTATHBHOCTH JICUCHUS, CHIDKCHUC
TOKCHYHOCTH W 100OYHOrO neiicTBus (apmarneBTuye-
CKHUX MPOTHBOTYOEPKYIE3HBIX TIPENapaToB, oOecreueHme
XOpOIIEH MEePEHOCUMOCTH M HENPEPHIBHOCTH XUMHOTE-
panuy; CHATHE CHMITOMOB MHTOKCHKAIIH, CBS3aHHBIX
C JeficTBHEM BO30YyIUTENs HA OPTaHHU3M, YIydllIeHHE Ka-
YecTBa XKHU3HU OOJNBHBIX B TIEPHO]] TEPAIMU U PEMHUCCHU.

[Tarorenernyeckas Tepanus OOIBLHBIX TYOCPKYI€30M
SIBISIETCSI OTHMM M3 KOMIIOHEHTOB KOMIIJIEKCHOTO JIede-
HUS OOJIBHBIX TyOepKyJIe30M U HarpaBiieHa Ha MOBBIIIE-
HHUE ero 3(GEKTUBHOCTH 3@ CUET NPUMEHEHHUS CPEICTB,
BO3JICHCTBYIOIIMX HE Ha BO30ymuTesst 3a0o0JeBaHus, a
Ha COCTOSIHHME Pa3JIMYHBIX CHCTEM OpPraHH3Ma OOIBHOTO
TyOepkyse3om. OOs3aTeIbHBIM YCIOBUEM Ha3HAYCHUS
M000r0 METOAA NMATOTCHETHYECKOH Teparuy SIBISIETCS
IIPUMEHEHHE ero Ha ()OHE MPOBOANMON crienn(pUUECKO
XMMHOTEpANUH. B 3aBHCUMOCTH OT TOTO, Ha KaKOM 3Ta-
e JiedeHus: OOJBHOTO TyOepKyJie30M Ha3Hadaercs Ia-
TOTEHETHYECKasi Tepars, OHa MOXET BO3JEeHCTBOBAThH
Ha IPOIECCHl MPOrPECCUPOBAHMS C LENBI0 KOPPEKIUH
HapyIIeHWH WM Ha TPOIECCHl UL BOCCTAHOBJICHHS
CTPYKTYyp OpraHu3Ma, KOTOpble OBLIM YTpadyeHBl B pe-
3yJbTaTe MaToJIOTHYECKOTo Tporecca. [ pyms! mpemapa-

TOB MMATOTEHETHYIECKOTO BO3ICHCTBHUS, PEKOMEH IYEMbIE K
HCIIONB30BAHUIO TIPH XUMHOTEpANnK TyOepKyesa B co-
OTBETCTBHHU C MMOKA3aHUSIMHU, BKITIOYAIOT HMMYHOCTHMY-
JHUPYOLINE, JAC3WHTOKCUKAIMOHHBIC, MPOTHBOBOCHAIH-
TeNbHbBIE, JCCEHCHOMIM3UPYIOIIHe, aHTHOKCHIAHTHBIE,
BUTaMHHHBIC cpescTBa [1].

WuTtepec npeacTaBisioT CPeICTBA MPUPOIHOTO MPO-
HCXOXKICHHS, KOTOPbIC MMEIOT JUTUTENbHBIA OMBIT HC-
0JIb30BAHUS B HAPOJAHOW MEMIIUHE U 00JIa1al0T MUHHU-
ManbHBIMH TOO0YHBIMU d(dexTamu [2].

Leab uccieqoBaHus — U3yYeHUE CBEICHUN HApOA-
HOW MEIUIINHBI, TAaHHBIX HAyYHbBIX MCCICIOBAHHH, Kaca-
FOLIUXCS UCTIONIb30BAHHUS ChIPhS IIPUPOTHOTO MPOUCXOXK-
JeHus (paCTUTENLHOTO, )KHBOTHOTO X MHHEPAIIBHOTO) BO
BCIIOMOTATENILHON Teparnuu TyoepKyJesa.

Marepuansl u metoabl. VccinenoBaHue mnpoBo-
JIJIOCh C KCHOJNB30BaHHEM HH(POPMAIIMOHHO-TIOMCKO-
Beix (PubMed), 6ubnunoreunsix 6a3 manubix (eLibrary,
Cyberleninka), Texuuueckoit uabopMau mMpou3BOIH-
teneit BAJI k e, a Takxke MaTepuabl CAUlTOB, TOCBS-
[ICHHBIC MCIOIb30BAHUIO PACTUTEIBHOTO, KUBOTHOTO H
MHHEPAIbHOTO CHIPhsI B HAPOAHOH MEIUIIHHE.

PesyabTarsl U o0cy:xaeHue. TpaauLMOHHO B Ha-
ponHol MenuuMHe Ha TeppuTopun Poccun ajis jeyeHus
TyOepKyJe3a HCIOJIb30BAIKUCH TPOAYKTHI JKHBOTHOTO
(Men w gpyrue MPOAYKTHI MUEIOBOJACTBA, JKHBOTHBIC
JKHUPBI, KyMBIC ¥ T.JI.) U PACTUTEIBHOTO MPOUCXOXKICHUSI.
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B nacrtosmiee BpeMst OHU B OOJBINIEH CTENIEHU MTPUMEHSI-
FOTCSL JUIsl BCIIOMOTATeabHOM Tepanuu. JlekapcTBeHHOE
PacCTUTEILHOE ChIPhE HCIIONB3YETCSl B BHJC HACTOCB U
OTBApPOB JIJIsI MTOBBIIICHUS 3AIIUTHBIX (DYHKIIMNA OpraHu3-
Ma (a03, Jara), BUTAMHHHBIC (IITMITOBHUK, KPAITHBA, Ye-
pena, TEepBOIBET), B KAYECTBE KPOBOOCTAHABIIMBAKOLIMX
(xBoIm, TBIpEH, KpamuBa, Jam4arka, TOper 3MEHHBIH,
OyKBHIIA ICKAPCTBEHHAS), OTXAPKUBAIOIIHX (MaTh-H-Ma-
yexa, CoJojKa, Iandei, anrteit), NPOTHBOMUKPOOHBIX

(cocHa, MOXOKEBEIBHHK, SBKATMIT, MIan(ei, YeCHOK,
Gepesa, 9abperr) Cpe/ICTB, a TAKKE TS YMCHBIIICHUSI TTOT-
nmuBocTH (maingei, uccor). s OBBIIEHHS 3aIIUTHBIX
CHJI OpTaHM3Ma TaKXKe MPUMEHSIFOTCSI MEJ U TIPOTIOJIHC,
KOTOPBIH HCITONMB3YETCS U TSI HHTAJISIHINA B KAUECTBE aH-
TUMHKpPOOHOTO cpenctBa [3—7]. Hapsmy ¢ MoHOKOMITO-
HCHTHBIMH H3BICUCHUSIMU HAXOMAT MPHUMCHEHUC TaKKe
cOOpBI PACTHUTEIBHOTO CHIPhS, B YACTHOCTH, TPEICTAB-
nennble B Tabmure 1 [4, 5].

Taonuya 1 — Coopot pacmumenvrozo colpbs 0151 1eueHus myoepKyie3a, HapoOHas MeOUyUHA

CocraB cOopa Criocob nmpuMeHeHHs

[T101B! MOYOKEBETIPHIKA, TPABa XBOIIA, TPaBa CIIOPHIIIA Hacroit

TpaBa ThICSYENNCTHUKA, JIUCT Mandes, IIojpl aHuca OTtBap

TpaBa criopsliia, KOPEHb COJIOJKH Hacroii

JIucT KpanuBbl, KOPEHb KPANUBBI Hacroii

JIucT mycThIpHUKA, KOPEHD LUKOPUS Hacroii

KopHu namyaTky, KOpHU 3MEEBUKA, TPaBa MOJIBIHH, BAXThI Hacroit
TPEXJIUCTHOH, roplia nouevdyHHoro

3Bepo0OH, MMyCTHIPHUK, KPATIFBA, XBOII, THICAYSITUCTHHUK, MaI(eH, Hacroit
TIOJIOPOXKHUK, Oepe3a, KaJleHyla

[TepBorBeT, roper NTHYNH, XBOII, THKYITHHUK OOBIKHOBEHHBIH Hacroit

LIBeTKM M TUCTHS MaThb-U-MadeXH, KOPEHb COJIOAKH, TPaBa ropua Hacroii B Tepmoce
NITHYBETO, TPaBa MEYHHIIbI, TPABa XBOIIA IOJICBOTO, Tpapa Iaidest

Ha peinke BA/JI x nuiie u nuieBol NpoLyKUUH MpU-
CYTCTBYIOT COOpPBI paCTUTENBHBIC U C TPOAYKTAMH JKHU-
BOTHOTO TIPOUCXOKICHHS, UCTIOTH30BAaHIE KOTOPHIX B Te-

panuu TyOepKyie3a OCHOBaHO Ha OIBITE TPaIULIHOHHON
MEJHIMHBI, KaK 3asBISIOT IPOU3BOAUTENH. B Tabmune 2
TIPECTABICHBI COOPBI PACTHTEIBHOTO ChIphst [8—10].

Taonuya 2 — BA/] k nuwe 6 6uode coopoe 1eKapCmeeHH0zZ0 PACHMUMETbHOZ0 CHIPbA,
npeonazaemovle K RPUMEHEHUIO RPU MYOepKy1e3e

HaumenoBanue,
MIPOU3BOAUTEIb

Cocras

3asBIIEHHOE OEHCTBHE

C60p Ne57 (cbop mpm
TyOepKyJIe3e JIETKHUX),
«Tpassl KaBkaza»,
r. [opstumii kirou

TpaBa MexyHHIIBI, Yabperna, macTymbei
CYMKH, XBOII[a, CTIOPHIIIA, IJIOIBI
MOYCKEBEITbHUKA, (DeHXEIs, IIBETKH ACBIACHIIA,
MOX HMCIAaHICKHUH, TOYKH TOIOJs, Oepessl,
KOPHH aiTes, IEBSICHIA, JSTHISA, CONOIKN

BakrepuungHoe,
MIPOTHBOBOCIIATUTENBHOE,
OTXapKHUBArOIIEe,
MMMYHOMOYTHPYIOIIee

C60p Ne4d8 (npu
TyOepkysese serkux), TM
«MapucnaBHa», I. Maiikon

Kopnu anres1, neBsicuiia, COIOAKH, JIACT
Oepes3sl, TPEIKOr0 OpeXa, MaTh-U-MavYeXH,
mrasngesi, SBKAIHITA, TOYKH YSPHOTO TOTIOJNS,
TpaBa OaryinbpHUKA, 3Bep000s, 30T0TapHHKA,
THICYCITUCTHUKA, XBOIIA, Ya0pera, IBETHI
JINTIBI

[IporuBoBOCIIANINTENBHOE,
MPOTUBOBUPYCHOE,
OpoHXOIMTHYECKOE JIeiicTBIE

Coop TpaB 3 «Tybepkyies
nerkux», UII TpyTHeBa
O.A., r. buiick

Actpa anraiickas, OyKBHIIa JICKapCTBEHHAs,
repaHb JyroBasi, IyPHUNIHUK OOBIKHOBCHHBIH,
JICBSICUIT BBICOKH# (KOpEHB), TepOCHHUK
WBOJIMCTHBIN, KYMAJILHUI[A a3UATCKasl, TIOJIBIH
I'mMenuHa, opex MaHUYBKYPCKUHN JIUCT, CUHSIK
OOBIKHOBEHHBIN, CKaOno3a OJIeIHO-KeTasd,
IIM30HETIeTa MHOTOHAPE3HAS

anma}omee AbIXaTCJIbHBIC ITYTH,
TPOTUBOBOCTIAJIIUTCIIBHOC

«TyOepkyrnes Jerkux»
TpaBsiHOH 4ail, «IleneOHbIe
TpaBsl CeBepHOTO
Kasxkaza», . Maiikon

TpaBa ThICSIYCTUCTHUKA, 3BEPOOOS,
30JI0TO-THICSTYHUKA, MaTh-M-Ma4eXH, pereniKa,
TonuHaMOypa, IIBETKH OECCMEPTHHKA,
KaJICH/TyJIbl, KOPHH JIEBSICHIIA, COJIOIKH,
OKOITHHKA, JIUCT 1iasndes

[IporuBoBOCHIIAIUTENBHOE,
KPOBOOYHCTUTENBHOE,
NPOTHBOMH(EKIIMOHHOE,
[IPOTUBOBUPYCHOE JCUCTBUE
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BAJI x muiie Ha OCHOBE CHIPbSI JKHBOTHOTO TPOMC-
XOXKCHUS, PEKOMEH/TyeMbIe MPOU3BOAUTEIISIMU IS TPU-

MEHEHHsI TIpH TyOepKyIese, Ipe/ICTaBIeHbl B Ta0muie 3

[6, 7].

Taonuua 3 — BA/] Kk nuwe Ha 0CHOGE CbIPbA HCUBONIHO20 RPOUCXOHCOCHUS,
DPeKomeHoyemble npOoU3600umenamu 0jisl npUMEHeHUs npu myoepkynese

HaI/IMeHOBaHI/Ie, IIPOU3BOJUTEIID

Cocras

3asiBlIeHHOE JEHCTBHUE

Galleria melonella-6ponxo cupor,
00O IIK «DncepBuc», Antaickuit
Kpait

DKCTpaKT BOCKOBOM MOJIH,
MaTb-HU-MadeXH, CaXapHBIH CHPOIT

MyKOJ'II/ITI/I‘Ie CKO€

T'omoreHaT TMYMHOK BOCKOBOW MOJIU
ajzicopoupoBanHbiii cyxoir, OO0
«Menmyp», Coun

JIMYMHKY BOCKOBOM MOJIH, JIAKTO3a,
¢bpykTo3a

JeiicTBre Ha BO30ynuTeNs
TyOepKynesa

Hacroiika 5KCKpeMEeHTOB JTUUUHOK
BockoBoi Monu, OO0 «Menmyp»,
Coun

DKCKPEMEHThI TUYMHOK BOCKOBOM
MOJIH, CITUPT STHIIOBEIH

JeiicTBre Ha BO30OyIUTENS
TyOepKyie3a 1 UMMYHHYIO
CUCTEMY

Hacroiika THYNMHOK BOCKOBOM MOJIH,
000 «Menamyp», Coun

JIM4MHKY BOCKOBOM MOJIM, CIIUPT 3TU-
JIOBBIH

JeiicTBre Ha BO30OyanTEIS
TyOepKyse3a 1 UMMYHHYIO
CHCTEMY

[MantopuH (Cyxoii MOPOIIOK
MIAHTOB Mapaja, BCIIOMOTaTeIbHbIE
Bemectsa), 000 «DapMIpoayKT»

Cyxo0ll TOPOILIOK MAaHTOB Mapana,
BCIIOMOTaTEJIbHBIC BEIIECTBA

O6H.Iepr€HJ'I$IIOH.[€G, HCTOYHHK
AMHWHOKHUCJIOT U MUKPOIJIEMCHTOB

O PeKTUBHOCTh HCIIONIB30BaHUS MHOTHX BHJIOB
MIPUPOTHOTO CHIPbS JI0Ka3aHa HAayYHBIMH HCCIIEJOBAHHU-
simu. Tak, ¢puTOoTEepanus, Kak BCIIOMOTaTeIIFHBIN KOMITO-
HEHT, B JICUCHUHU TyOepKyie3a MOXKET OBITh HCIONB30-
BaHa MPH HAPYIICHHUSIX (PYHKIMOHAIBHOTO COCTOSHHS
IeYeHN, MOOOYHBIX PEAKIUAX Ha XHMHOIPEIapaTHl,
HEOCTaTOYHOHN 3(PPEKTUBHOCTH TPaTUIIMOHHON XHMU-
OTEepanuy, NpU HAPYLIECHUAX B CUCTEME KPOBHU U yTHETE-
HUM UIMMYHHOTO cTaryca. Mcnons3oBanue GpuroTeparniu
CIOCOOCTBYET YCWJICHHIO NUype3a, 00eCHeUMBAOIIETO
BBIBE/ICHIE TOKCHYHBIX BEIIECTB M HX METaOOJINTOB,
CHHUXKXCHHUIO O6LL[CFO YpOBHA TOKCUHOB, YCUJICHHUIO aHTU-
OKCHJAHTOM 3amuThl neyenu [11-15].

Hanpumep, O.Jl. BapHaymoBsiM ¢ coaBTOpamu IO
pesyiabraraM H3yueHus (HapMakoIOTHUECKHX CBOWMCTB
BOIHBIX W3BJICUCHUI PACTCHHN Ha pa3IMYHBIX JIa0o-
PATOpPHBIX JKUBOTHBIX TIPEUIOKEHA CXeMa Uil pa3pa-
0OTKM TMPOTHUBOTYOEpKYJIe3HbIX cOOpoB. B ee ocHoBe
JISKUT NMPUMEHEHHE KOMIIOHEHTOB, JICHCTBUE KOTOPBIX
HATIPABJIICHO HA YCTPaHCHHWE INPUYMHBI 3a00JICBaHUA,
YMCHBIICHNE MaTOTeHETHYECKUX W3MEHEHHH U ycuie-
HHUEC 3alllUTHLIX, KOMHeHCaTOpHO-HpI/ICHOCO6I/ITeJ'H)HLIX
cui1 opranusMa. TakuM oOpa3oM, B cOOpHI BKITFOYAIOTCS
JICKApCTBEHHBIC PACTEHUS, XapaKTepU3YIONINecs aHTHU-
MHUKPOOHOH, MPOTHBOBOCTIAIUTEIBHOM, CEKPETONUTHYE-
CKOM, IMMYHOMOJYJIUPYIOUIEH, YCKOPAIOIIEH MPOLIeCChl
pereHepanyu 1 JeTOKCUKAIHOHHOM aKTUBHOCTHIO [11].

AHTIMHUKpPOOHBIM JCHCTBHEM B OTHOIICHHH MHU-
KoOakTepuii TyOepKyse3a 00JIaJarT, M0 00O0OIICHHBIM
JAHHBIM, CJICIYIOIINE IPYIITbI OMOIOTUICCKH aKTUBHBIX
BEIIECTB PAaCTCHUH: (pIaBOHOUIBI, KyMapHHBI, XPOMOHHI,
MPOCTBIC q)eHOJ'[I)I, XWHOHBI, aJIKaJIOnAbl, TCPIICHONUAbI 1

ap. [16, 17]
Wmerorcst JaHHBIE O TOM, 9TO (DaNBKapUHON H
(danbkapuHaon  (MOJIHALETHICHOBBIE — COEIMHEHM),

W3BECTHBIE KaK (PUTOAJIIEKCHHBI TOMAaTroB, MOPKOBH,
MIPOSIBIISIIOT NTPOTHBOTYOEpPKYIe3HbIe cBoiicTBa. OHU ak-

TUBHO mojpaBisiioT poct Mycobacterium spp., Briouas
Mycobacterium tuberculosis [16, 18].

HccnenoBaHusi yCTaHOBUIIM BBIPAXKCHHYIO MPOTH-
BOTYOEpKYJIe3HYI0 aKTUBHOCTb 3(UPHBIX MAces Yepebl
[IOHUKUIEH U IOJBIHA METEJIBUATOM, COAEpXKAIUX B Ka-
YeCcTBE OCHOBHBIX KOMIIOHEHTOB apOMaTHYEeCKHE MOJIHN-
AIeTHJICHOBBIC COCAMHEHMS: KAlWJUICH M KallWUIMH B
3(HUPHOM Maclie TOJIBIHU MeTeNbdaToil, a QeHunrenrta-
TPUUH B 3pUPHOM Maciie yepe/sl moHukimei [18].

VMeroTcsi AaHHBIC O HAJIMYUH Y MPOIOJIHCA aHTH-
MHKpPOOHBIX CBOWCTB B oOTHOmeHnu Mycobacterium
tuberculosis [19].

B uccienoBaHusX yCTaHOBICHO, YTO BBIPAKEHHBIM
aHTHOAKTEpHANTBHBIM JIeiicTBHEM IN VItr0 B OTHOIICHHH
YyBCTBUTEJBHBIX U YCTOHUUBBIX K MPOTUBOTYOCPKYIIEe3-
HBIM IIpernaparam mTaMMaM MUKOOaKTepHii TyOepKyesa
o0naaeT KCTPAKT CMECH JIMIIAHHUKOB POJa LETPapuH
U poJa KIaJOHHH 3a CYET HAJW4US apOMaTHYeCKHX de-
Hounos [20].

JlokazaHa  TPOTHBOTYOCpKyJe3Has  aKTHBHOCTh
S(UPHBIX Macelql TONBIHA aBCTPHHUCKOW, IONBIHU CaH-
TOHUKOBOH, THICSYEINCTHUKA IIUPOKOJIONACTHOrO, MO-
JBIHE  OofHOJICTHEH. OmnpenesneHne YyBCTBUTEIBHOCTH
MUKOOakTepuil TyOepkya€3a K o0pasliaM HCIBITYeMOTO
3(UpHOTO Macia MOJBIHU OAHOJICTHEH IIPOBOAMIOCH B
CPaBHEHHUH CO CTAHJIAPTHBIMU [TPOTUBOTYOEPKYIIC3HBIMH
npenaparamu. Kak mokasanu sKCIepuMEHTalbHbIE JaH-
Hble, 9)UPHOE MACIO IOJBIHU OIHOJETHEH IPOSBIACT
MPOTHBOTYOCPKYJIC3HYI0 aKTHBHOCTH (MOPOTOBas KOH-
uenTpauust 20 Mr/mir) Ha ypoBHE O(QUIMHAIBHBIX MPO-
THBOTYOEPKYIE3HBIX TpEnaparoB (puaMIuIyH, IpoTH-
onamun) [21, 22].

VYuenbivu PecryOnuku Kazaxcran npoBoguiuch nc-
CJICIOBaHUSI aHTUMUOAKTEPUAIbHONH aKTHBHOCTH 3up-
HBIX Macel pactennii (uropsl Kazaxcrana (moisiap du-
natoBa, nosbiHb CHBepca, assHusI KyCTapHUYKOBAs, IIOUYKH
Tonouns u aAp.) [23-25]. Umerorcst naHHBIE KIMHHYECKUX
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HCCIICIOBaHNMN, TOATBEpKAaone 3G HeKTHBHOCTD HH-
raJIAIHOHHOTO PUMeHeHust penapara «Dpepon» (20%
CIIUPTOBOM PacTBOP A(PUPHOTO Macia MONBIHK [IAIKOMN)
y OOJIBHBIX, UIMEIOIINX BBIPA)KCHHBIC CUMITTOMBI HHTOK-
CHKAIlMM C KalUIeM W BBIJCICHUEM CIU3HCTO-THOHHOM
MOKPOTBI, CTOHKHAM OaKTEPHOBBIICIICHHEM M JIECTPYK-
TUBHBIMH (popMamu TyOepKyIe3a. BrisiBieHo, uTo mocie
[IPOBEICHHOIO0 Kypca JIeUeHHsI OaKTepUOBBIJCICHUE B
1-if rpymne, nmosy4aBuield HHrausuK npenapara «de-
pom», mpekparminock B 91,8+3,9% ciyuasx. B Toxe
BpeMst y GONBHBIX 2-0# rpymisl (6e3 BCrioMoraTenbHOM
Tepanuu «DdeposioM») mpeKpalieHne OakTeprHoBbIIee-
HHSL OTMEUeHO B 73,316,6% cryvasx [26, 27].

VmeroTcst TaHHBIE MCCIIENO0BAHUM aHTUMHKPOOHOM
AKTHBHOCTH 3KCTPAKTOB M 3()MPHOTO Macia YeCHOKa B
OTHOIICHUN MHKOOaKTepuii TyOepkynesa. YcraHOBIe-
HO, YTO SKCTPAKThl YECHOKA, OOOTAIIECHHbIC AJJICHHOM
U aDKOGHOM, OO0JIaafoT aHTHOAKTepUATbHOH aKTHB-
HOCTBIO CONOCTaBMMOW C AaKTUBHOCTBIO IIPEIapaTroB
CPaBHEHUsI — IPOTUBOTYOCPKYJIE3HBIX JIEKAPCTBEHHBIX
cpenct. [Ipn 3TOM SKCTpakT, comepsKamluii ajuTHINH,
MIPEBOCXOANI TI0 aKTMBHOCTH IPEMapaThl CPaBHEHUS —
M30HMA3MU] U 3TaMOyTOJI, a aJUKOCH, COJep KaInii 3Kc-
TPaKT, ObLI COMOCTABUM C HUMH. Maciio 4YecHOKa TakKe
o0J1a71ano aHTUOAKTEPHUATIbHON aKTUBHOCTBIO, HO B TO-
paso Oojee BHICOKMX KOHIEHTPALMAX, YeM HpernapaTsl
cpaBHenwust [28].

B wnccrnenoBaHmMAX MOKa3zaHO aHTUMHUKPOOHOE [eii-
CTBHE T€KCAHOBOW ()paKIUK HA/J3EMHOIN YaCTH KPAIUBBI
JIBYZIOMHOU M Kaccuu codepa B OTHOILICHNUH JICKapPCTBEH-
HO-YCTOMYMBBIX MHUKOOAKTepHH M MHKOOAKTepui, M30-
JMPOBAHHBIX U3 KIMHIMYECKOTo Marepuaia [29].

Yuensivu AI'Y TIpOBOAMINICHE WCCIEAOBAHHS BITH-
STHUSI DKCTPAKTOB pacTeHHM AcTpaxaHCKOW oOmacTh Ha
MHKOOaKkTepuu TyOepkyne3a. Haumbonee BBICOKMIT WH-
ruoupyromuit 23gpdexT 3aperncTpupoBaH y BOIHO-CIIUP-
TOBOT'O OKCTPaKTa M3 KOPHS COJIOJKH IO OTHOIICHHIO
Mycobacterium tuberculosis (H37RV) [30].

Hcnonp3oBaHKEe Te€MaTONPOTEKTOPOB MPU JICYCHUH
TyOepKyJie3a SIBISIeTCsl aKTyalbHbIM, MCXOJs M3 CIIEeIHU-
(UK IPOTEKAaHUsI CaMOro 3a00JIEBaHUSI U TOKCUYHOCTH
UCIIONIB3YEeMbIX XMMHOTEpaNeBTHUECKUX cpeacTB. Han-
Ooee yacTeiid MOOOYHEIHN 3 dekT mpoTHBOTYOCpKYIE3-
HBIX TIPETIapaToB — 3TO TOKCHYECKOE BO3AEHCTBHE Ha
nieueHb (44,9% manmenTos). Hapsiny ¢ ncrnonp3oBaHrem
MpenaparoB renaTonpoTeKTopoB (remTpan, 3CCeHInane
U 1Ip.), pACCMaTpUBACTCsl BO3MOXXHOCTh HCIIOJIB30BAHUS
IIpenaparoB JICKAPCTBEHHOTO PACTHTEIBHOTO CHIPbS H
MPOIYKTOB KUBOTHOTO MPOUCXOXkaeHus [12, 14].

Kpome Toro, B nurTeparype MMEETCsl 10CTATOYHOE
KOJIMYECTBO CBEACHHH O HAIMYUM TeHaToNpOTEKTOp-
HOW aKTUBHOCTH Y CJIEIYIOIIMX BUJIOB JIEKaPCTBEHHOI'O
PacTUTENBHOTO CBIPBS: OBCA ITOCEBHOTO, BEpOIIOKbEH
KOJIOUKH, «JIMMOHUANH» (CyOCTaHLMS Ha OCHOBE Kep-
Meka ['MesrHa), BOIOAYIIKH 30JI0THCTOM, HHANBU/LYallb-
HBIX ()IaBOHOHMIOB (IUTHAPOKBEPLETHHA, KBEPLECTHHA,
PYTHHA), MIKMBI OOBIKHOBEHHOM, Oapxara amypcKOro
[31-33].

O./1. bapHaynoBBIM C COaBTOPAMHU B COCTAB MPOTH-
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BOTYOEPKYJIE3HBIX COOPOB MPENJIOKEHO BKIIIOYATh B Ka-
YeCTBE TeraTonpOTEeKTOPOB KyPKYMY, COJIOAKY, apaluio,
JIMMOHHHUK, 3JI€yTEPOKOKK, UMOUPB, 3Bep0o00ii, pOMAIIIKY,
yepeny, mandei [11].

HMerorcss naHHBIE KIMHUYECKUX HCCIEIOBAHUM,
MIOATBEPXKJAIOIINE TEPCIICKTUBHOCTh IIPUMEHEHUS B
KOMIUTEKCHOH Tepanuu Tyoepkyiesa «Po3o6TuHa» (kop-
HU W KODHEBHILA JEBSCHJIA, TpaBa 30JIOTOTHICSYHMKA,
TUIOAB! OOSIPHIIIHMKA, TIIOABI IIMMOBHHKA, IIBETKH IIH-
MBI OOBIKHOBEHHOI). [1o 3asBIIeHMIO HCcenoBarenei,
cOop obOmamaeT remaTonpoTeKTOPHBIM AelcTBHeM. Ha
¢oHe ero nmpuema y OOJbHBIX OTMEYATACh TOJIOKHUTEIb-
Hasl IMHAMUKA KIMHUYECKUX CUMITTOMOB, O/ITBEPIK/ICH-
Hasl KIIMHUKO-J1a00paTOPHBIME HCCIeoBaHusIME [34].

O(pPeKTUBHOCTh TPUMEHEHHSI TOMEONATHYECKOTO
cpencrBa «lajcteHa» y OONBHBIX TYOEpKyJIe30M JIO-
Ka3zaHa B pe3ylbTare Ja0OpaTOpHBIX M KJIMHHYECKHX
nuccnenoBanuil. IlokazaHo, 4TO mpenapar NIpOSBISIET
renaronpoTeKTOPHBIE M aHTHOKCHAAHTHBIC CBOMCTBA.
Hcnonp3oBaHue ero mpu TyOepKyie3e CII0COOCTBYET
YMCHBIICHUIO KIMHHYECKUX U J1a0OpaTOpHBIX MpU3HA-
KOB JICKapPCTBEHHOTO MOBPEXACHHS TIEUCHHU NpU TyOep-
kyiese [31].

VY GOJIBHBIX JIEKaPCTBEHHO-YCTOWYHUBBIM TyOepKyIie-
30M CYHIECTBEHHO IMOBBILIICHBI MOKA3aTENIM aKTHUBHOCTH
MIEPEKUCHOTO OKHUCJICHUS JIMIUAOB 10 CPAaBHEHHUIO CO
370pOBBIMH JFOIBbMH. [109TOMY OTMewaeTcsi HeoOXoaH-
MOCTb PAaHHETO Ha3HAYCHUs aHTHOKCUJIAHTHBIX CPEJICTB.
HanGonee BbIpaKeHHBIMH AHTHOKCHAAHTHBIMU CBOM-
cTBamHu 001a1ar0T monudeHos (hraBoHOUIB, TyOHIb-
HbIC BELIECTBA) PACTCHUI. B kayecTBe MOTEHIMATBHBIX
AQHTHOKCHJIAHTOB, 0 JaHHBIM JIUTEPATypbl, MOXKHO pac-
CMaTpHBaTh CICAYIOLINE BHIbBI JIEKAPCTBEHHOTO PAaCTH-
TENIBHOTO CHIPBS.: KpaluBa ABYJOMHas, COJIOAKA rojasd,
[UIEMHHK OaifkalbCKUi, XBOIII [TOJICBOM, kepMek [ menu-
Ha, a TaK)Ke IKCTPAKTHI ITPOTIOJINCA U JIMYMHOK OOJIBIION
BOCKOBO#t Moiu [15, 33, 35-38].

B 60oprbe ¢ Bo30ynuTeneM mpu TyOepKyiese CyIie-
CTBEHHOE 3HAYCHHE HMMEET KJICTOYHBIH HMMYHUTET, B
YaCTHOCTH, OaKTepUIMIHAas cucTeMa Makpodaros, 3mu-
MUHHpPYOIMX MHUKoOakTepuu. K mojasieHuio kierod-
HOTO UMMYHHUTETA ITPUBOANT PAa3MHOKCHHE B OPraHnu3Me
MUKOOaKTepuii TyOepKyiesa, MOCTyIUICHHE B OHOIO-
THYECKHe YKUAKOCTH M TKaHW MX aHTUTCHOB, BBICBOOO-
XKJCHUE KOMIIOHCHTOB IOBPEIKIACHHBIX KIETOK XO34UHA,
MeTabosnnToB. C ydyeToM 3TOro IpH BbIOOpE BCromora-
TEJILHOH Tepartuy yesIeTCsl IOUCK CPEJICTB JUTs KOpPeK-
LMK HapylieHnit ummyHurera [15, 39].

B kadecTBe mpuMepa MOKHO IIPUBECTH HCCIIEIO0BA-
HUS BIMSHHS HA HMMYHHUTET SKCTPAKTa KOPHS COJOIKH
Ha JIaDOpaTOPHBIX JKMBOTHBIX. YCTaHOBIEHO, YTO BBE-
JICHUE PEr 0S MbIlIaM, TPEJBAPUTEIILHO 3apa)KEHHBIM
Mycobacterium tuberculosis, H37Rv, skctpakTa KopHs
conoaku ronoil B j1o3e 0,2 Mr/Kr B OPIOLIHYIO MOJOCTh
CTII0COOCTBOBAJIO TOCTOBEPHOMY ITOBBIICHUIO (PYHKITHO-
HaJIbHOW aKTUBHOCTH IIEPUTOHEATBHBIX Makpo(aros 1o
MOKa3aTeIsIM MOMIOTHTENILHOI CIIOCOOHOCTH | TIOBBIIIIE-
HUIO aKTUBHOCTH OaKTEpHIUIHOW CHCTEMBI (DaroluToB
— MHeNonepoKcHaa3Hoit cuctemsl [40].
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MmeroTcs nanHble UcciieJOBaHUM, CBUACTENbCTBYIO-
mpe, 4To Hactoika «I'peraBock» (Ha OCHOBE JIMYMHOK
OTHEBKH IMUEJIUNHOM) OKa3bIBAET CTUMYJIHPYIOIIEE BIIHs-
HUC Ha (YHKIIMOHAIBFHYIO aKTHBHOCTH T-IIMMQOIHUTOB.
[Tokazarenb THUIEPYYBCTBUTEIBHOCTH 3aMEJICHHOIO
THUIIA ONBITHOM TPYIIIBI MbIIIIEH, KOTOpasi moJydasa pac-
TBOp JIMO(MIN3UPOBAHHOTO MOPOIIKA TPYTHEBOTO pac-
mwiona B go3e 100 mr/kr, cocrasmn 9,91 nporus 6,53 y
KOHTPOJIBHBIX JKUBOTHBIX, T.€. JHOMDWIN3UPOBAHHBII
MTOPOIIOK CTUMYJHPYET (PYHKIIMOHAIBHYIO aKTHBHOCTH
T-muMQOIUTOB, YCHINBAs MPOLYKIHIO CEHCHOMIN3NPO-
BaHHbBIMH J'II/IMq)OI_H/ITaMI/I MEAUATOpPOB, CONPOBOXKIAKO-
[IUX KJIETOYHBIE PeakInuy 3ameieHHoro tuma [41].

B pesynprarte KIMHUYECKHAX HCCIICAOBAHHUNA OTME-
4aloch, YTO BKIIFOYCHUC KOMOWHAIIMHU: MEI ITICITUHBIN
U MPOTMOIMCHOE MAacio, KUBOTHBIE >KUPBI, (DUTOKOM-
MOHEHTBI, MACJ0 IMHXThl, YECHOK, BHTAMHHHBII cOOp,
IBCTOYHAA NbLUIbIA B KOMIIJIEKCHYIO TCpaIinuro 6OJ'II>HBIX
TYOEpKyJIe30M JIETKMX CONPOBOXK/JIAETCS YBEIHMUCHUEM
obmero yucia guMdounToB. [IpuMeHenne kKomOHMHa-
UM COBMECTHO CO CTaHJAPTHOH Teparuell Mmo3BOJIUIIO
JOOUTHCS TIOJIOKUTEIHHON PEHTIEHOIOTHYCCKOH IMHA-
MHKH — paccacblBaHue HHOUIIBTPATA, 3aKPBITHE ITOJOCTH
pacmasa 3apeructpupoBano B 87% ciydaes, OTCyTCTBUC
auHaMMKK — B 13%, mpuyeM y Bcex MCCIEIyeMBIX Iia-
[UCHTOB TPEKPATHJIOCh BBIJICIICHUEC MHUKOOAKTEpHU C
MOKpOTOii [14].

Kak 0110 OTMEUEHO, TTpH JICUCHUN 3a00ICBaHUH IbI-
XaTeJbHBIX MyTeH U JIETKUX, 0COOCHHO MPH JAJIUTEIILHOM
TeueHNUH 3a00JIeBaHMsl, 3HAYCHHE MMEET BCIIOMOTaTelNb-
Hasl ICTOKCUIIMPYIONIast Tepanus. B neueHnn 3aboeBa-
HUI BEPXHUX JIBIXATEIbHBIX MYTeH MOCIe NHTEHCUBHBIX
KypCOB MEIMKaMEHTO3HOM Tepariu peKOMEHIyeTCs Ha-
3HAYCHHE JIEKAPCTBEHHOTO PACTUTENBHOTO ChIPhS: JIH-
CThbsl KpanuBbl, KOPHMU JIOIlyXa, TpaBa XBOIIAa, KOPHU
OJlyBaHYMKA, JTUCThs Oepe3nl). [IeKTUHBI U UHYJIMH, TPU-
CYTCTBYIOIIWE, B TOM YHCJIC, B TIOJ3EMHOM YacTH pacre-
HUSX CEMEWCTBA aCTPOBbIE (OMyBaHUMK JIEKAPCTBEHHBIH,
BHJIBI JIOTTyXa, JCBSICHIT BBICOKHIT), XapaKTepPU3yeTCs BbI-
COKOHM KOMILIIEKCOO0pa3yrolieit cnocoOHOCTHIO, YTO AaeT
BO3MOXHOCTb HUCIIOJIB30BAaTh UX B KAYCCTBE JCTOKCUIIU-
PYIOIIHNX CPEICTB B KOMILICKCHOM Teparuu TyOepKyiie3a
[42-45].

[TporuBOTYOEpKYIIE3HbIE Mpenaparbl MOABEPraloTCs
B TIEYCHU OMOTpaHChOpMaIul — GepMEHTHOMY TIpeBpa-
IICHUIO UCXOAHBIX XUMHUYCCKHNX BCIICCTB B HCAKTUBHEIC
" JICTKOBBIBOJAWMBIC W3 OpraHu3Ma COCIAWHCHUA. buo-
TpaHcopMaIys SBISICTCS KacKaTHBIM IIPOLIECCOM, B
KOTOPOM OJIHOBPEMEHHO WJIM TOOYEPEIAHO YUYacTBYIOT
MHOTHE (epMEeHTHI U OenKku opranuzMa. Kak mpaswuio,
MPOIIECC TPOUCXOINT B TPH dTamna: (paza MomupuKaiuy,
(daza nerokcukanuy, a3a BbIBSIACHUS U B KaXKI0U (ase
YYACTBYIOT CIIEIU(pUYCCKHE CUCTEMBI (hepMeHTOB. J[ist
(YHKIIMOHUPOBAHUS CUCTEMbBI JETOKCHKAIMH TpeOyeT-
Csl HAIMYHe MHOTHX BEIIECTB: acKOPOAaTHI, TOKO(EPOIIH,
MUHEpaIbHBIC BEMCCTBA, BUTAMHUHEI 1 ipyrue [11, 46].

OCHOBHBIM YCJIOBHEM (PYHKITHOHHPOBAHUS CUCTEMBI
JICTOKCHKALIUYU SIBJSICTCS JIOCTATOYHOC MOCTYIUICHUE B
OpraHu3M OeJiKa, IMOTHOIIEHHOTO 0 CBOEMY aMHUHOKHC-

JIOTHOMY COCTaBY JJIsl BOCTIONHEHUsI mmyina pepmentos. C
9THUX TIO3UIMH BO3MOXKHO OOBSCHEHUE TPAJUIIMOHHOTO
UCIIONIb30BAaHMSI BO BCIIOMOTATENBLHOM Tepanuu Tyoep-
KyJe3a TPOXYKTOB MYEIOBOACTBA. I[BETOYHOW ITBLIb-
IBI, TIEPTH, MPOTOIHCA, MATOYHOTO MOJIOYKA, JIMYHHOK
BOCKOBOW MOJTH, TTYEIMHOTO MTOMOPA, SBISTFOIIUXCS J0-
MOJIHUTEBHBIM HCTOYHMKOM aMHUHOKHCIIOT [47, 48].

[Tpn TyOepkynese pa3BHBAeTCsl BBIPAKECHHBIH Jie-
¢unut u qucbanaHc OTACIBHBIX BUTAMUHOB, B 4aCTHO-
CTH acKOpOMHOBOW KHCIOTHI. Jledurur ackopOHHOBOM
KHCJIOTHI BhIpaskeH Oompiie B (pasze pacmama. [Ipm Bcex
KIMHAYECKUX (POpMax aKTHBHOTO TyOepKyses3a oTMeda-
eTcs TakKe HeI0CTaToK BuTamuHa B, (puGodmasuna),
(UKCHpyeTCst HU3KOE €ro COJCpiKaHne B KPOBU. Y 00ITb-
HBIX TyOSpKyJIe30M JIETKHUX HApymIaeTcs TakkKe OOMeH
BATaMHUHA B1 — THaMPHA ¥ BO3HHKaeT ero nedumut. B
HCCIICIOBAHMAX 3apyOeKHBIX aBTOPOB OTMEYAETCs HE00-
XOJIMMOCTh KOMIICHCALIMK HEJ0CTaTKa BUTAMUHA A TIpH
JTaHHOM 3aboneBanuu [15, 49].

JIis KOppeKIy BUTAMHHHOW HEIOCTATOYHOCTH B
cOOpBI [UIS JIeYeHUs] TyOepKylie3a BKIIFOYAeTCS JIeKap-
CTBEHHOE PACTHTEIHHOE CHIPhE — MCTOYHHK TOJIHMBHTA-
MUHOB. TUIONBI IIUIIOBHUKA, KAJHHBI, PAOWHBI, JHACTHS
KpanuBbl. Tako#l moaxos K JISYeHHIo TyOepKyie3a xapak-
TEpeH | /T HapoAHOH MeauiuHsI [4, 5, 11, 43].

B kavecTBe MCTOYHWKA BUTAMHHOB MOXET paccMa-
TPUBATECS M CHIPhE >KUBOTHOTO TPOMCXOXKACHHS, HC-
MTOJIB3yeMOe ISl BCTIOMOTaTeIbHON Tepariy TyOepKyIie-
3a. MPOMYKThI MTYETIOBOJCTBA, JKUBOTHBIC KHPBI, KYMBIC.
B cocraB mporoinca MOMHMO aMHHOKHCIOT, (JiaBo-
HOWJIOB, OKCHKOPHYHBIX KHCIIOT, CMOJIUCTBHIX BEIIECTB,
S(UPHBIX Macell, BXOAAT BUTAMUHBI (B1' Bz, B3, Bs, BG,
A, E), munepanbhbie BemectBa (Kanuif, KaabIwii, dhoc-
¢dop, Maruuii, xkene3o, cepa, LUHK U Jp.). Buramuns co-
Jepxkatcs B meutblle (ButamuHsl rpynnsl B, A, E, D, K),
B 1epre — BUTaMuHbI (A, B,,B,, C,D,E, K). B marounom
MOJIOUKE IPECTABICHB B OCHOBHOM BOJOPAaCTBOPUMEIC
BUTaMHHBI TpyTIsl B, a Taxke surtamuns C, H [48, 49].

B nocnenHee Bpemsi BHUMaHHME HCCIENOBATENEH
MIPUBJIEKAET POJb MHUKPOIJIEMEHTOB B KOMIUICKCHOW Te-
pamuu Tyoepkynesa [50-53].

Tak, kpeMHUIT HEOOXOIUM 1 HOPMAIILHOTO (PyHK-
IUOHUPOBAHUS COCAMHUTCIHFHON TKAHU JICTKUX, JKEIe3
BHYTpEHHEN cekpeluu. B psije uccienoBanuii ormeyaeT-
Csl pOJIb KPEMHHSI KaK HEOOXOMMOTO KOMITOHEHTa BCIIO-
MorareibHOH Tepanuu TyOepkysesza. Mmeercs pax pa-
00T, TOCBSIIIEHHBIH TONCKaM PAaCTUTEIBHBIX HCTOUHHKOB
KpeMmHHS. B pesynbsrare aHamm3a cogepikaHus KPEMHHUS B
CBIPBE YCTAHOBJICHO, YTO B KA4ECTBE TAKOBBIX MOYKET HC-
MTOJIF30BaThCSI XBOII[ TIOJIEBOH, KpamuBa ABYJOMHAs, TO-
pell NTHYHN, THICSYCIUCTHUK OOBIKHOBEHHBIN, IEBACHII
BBICOKHH. DTO COMIAaCyeTCsl C MPAKTUKON UCIOIb30BAHU
JIAaHHBIX PacTeHUH MpH TyOepKyse3e JErKhX, 0COOEHHO
[IPY KPOBOXAapKaHUH, B HApOAHOM Meauiune [54, 55].

UzBectHo Oomee 70 IMHKIPOTEHIOB, MHOTHE W3
KOTOpPBIX sABISIOTCS  Metawtopepmentamu  (JIHK- wu
PHK-nionumMepasa, TAMUAWHKHHA3A U JIP.), HTPAOIHMH
BO)XHYIO POJIb B METa0OJIM3ME HYKICHHOBBIX KHUCIIOT H
Oenka. [IMHK BBIMONHSICT POJIb AHTHOKCHIAHTA B COCTa-

409



0o030pu1, nekyuu
Reviews, Lectures

Dapmayus u papmaxonoeus T.5 Ne 5, 2017

Be (DEPMEHTOB CYNEPOKCHINCMYTa3, IPEAOTBPAIIaeT
B3aUMOJICiCTBIE C 0oJiee arpecCUBHBIMU TSDKEIBIMH
MeTaJlllaMH, CBSI3BIBASICh C PEAOKC-aKTUBHBIMH y4acTKa-
MU. LIMHK Taroke BBIMOIHSET POJb PEryJsiTopa MeTalIo-
MPOTEMHA3, KOTOPHIE WIPAIOT POJIb AHTUPAJAUAKAIBHOM
3amuThl. LIMHK SIBISIETCS AIIEMEHTOM, MPUHUMAIOIIUM
ydacTte B npoiudeparuu, 1uhGhepeHIIpoBKe, CO3peBa-
HUM ¥ aKTHUBAIMHU JUMQOIUTOB, YYaCTBYIOUIUX B T'yMO-
palbHOM U KJIETOYHOM UMMYHHUTETE. Pe3ynbrars! uccie-
JIOBaHUM I1OKa3aJy MOHMWKECHHBIN YPOBEHb COIEPIKAHUS
B CBHIBOPOTKE ITMHKA U CeJIeHa Y OOJBHBIX TyOepKyJie30M
B CPaBHEHUU C TPYIMION KOHTPOJIS], B KOTOPYIO BXOJHIIH
HesapakeHnsle Jiromu [52, 53, 56-58].

B xnmHMYEeCKHX HCCleOBaHMsAX ToKa3aHa 3pdex-
TUBHOCTb HCIIOJIb30BAHUSI COYETAHUS BUTaMUHA A C
IHKOM (IIMHKa Cysb(har) B KOMIUICKCHON TEpamuu Ty-
Gepkyrnesa: oTMedeHa KoHBepeus Maska [50].

YV 60sbHBIX TyOepKyae30M TposiBiisieTcst anemus. U 'y
MATOreHHBIX MUKPOOPTaHU3MOB, U B OPraHH3Me YeIoBeKa
UMEIOTCSI OEJIKH, OCHOBHOM (PyHKIIMEH KOTOPBIX SBIACTCS
CBSI3bIBAaHME M MOOMIIM3ALMS JKeJe3a ISl HyXK][ pa3jind-
HBIX JKU3HEHHO Ba)XKHBIX OMOXMMHUECKHMX peakimi. B
HCCIIC/IOBAaHUSIX YCTAHOBIICHO IOJOKHUTEIBHOE BIUSIHUC
MPOTUBOTYOCPKYJIC3HON Tepanuy Ha aHEMHIO BOCTIaie-
HHsI, OIHAKO MYIJIBTH(AKTOpHAsI aHeMus U skene3onedu-
[UTHAs] aHEMUsI BOCITAJICHHSI MOT'YT COXPaHSIThCs Ha (hoHE
Teparuu MPOTHBOTYOEPKYIC3HBIME TIperaparam [59].

Haubonpmmii uHTEpec NPeaCTaBIsAeT COACpIKaHHE
KaJIbIHsl, TAK KaK €r0 MOHbI aKTHBUPYIOT JIeHCTBHE MHO-
X (EpMEHTOB, CIIOCOOCTBYIOT CBEPTHIBAHHMIO KPOBH,
PEryJIMpyIOT IPOHUI[AEMOCTh KIIETOYHBIX MeMOpaH. Bri-
COKOE COJICpIKaHMe KaJbLHUs M0 JaHHBIM HCCIICI0BAHUM
OTMEYaeTCs B TPaBE JIIOLEPHBI TIOCEBHOM, THICIYEIHCT-
HHKa, TOpPIa MITHYETO U KOPHSIX COJOAKH (COmepsKar JI0
25% xanbIust OT MAcChl CyXOTO BEIecTBa). TpaanuimoH-
HO MCTOYHHMKOM KaJbLUs SIBISIIOTCS TPHPOJHBIE MUHE-
pansnbie conu [3, 51, 59, 60].

B KkadecTBe MCTOYHHMKOB MHUKPOIIEMEHTOB MOXKHO
paccMmarpuBarh TakKue BHJIbI IPUPOTHOTO ChIPhsI, KaK My-
MHE, TAHTBI, POAYKTHI MUEIOBOCTBA (JTMINHKHA BOCKO-
BOU MOJIM | TIPOYKTHI MX JKU3HeaesTenbHoCcTH) [48, 60].

B nocrnesiHee BpeMs paccMaTprBaeTCs BO3MOKHOCTb
HCIIONIb30BaHMsI HAHOYACTUI] MUKPO- U MaKpPODJIEMEHTOB
JUISl UCTIONIb30BAHUsI BO BCIIOMOTATENLHOM Tepanuu Ty-
Oepkysiesa, MONyYSHHBIX METOJAMHU «3€JCHOW XUMHU»
Ha OCHOBE JKCTPAKTOB JIEKAPCTBEHHOI'O PACTHTEILHOIO
coIpbst [61].

OiHOM M3 TePCIEKTUBHBIX TPYII CPEACTB MIPUPOJI-
HOTO MPOUCXOXKJICHHUS SIBIISIFOTCSI KOMIUIEKCHI C aHabou-
YEeCKHUM, aJ[alTOIeHHBIM M TOHU3UPYIOIIUM JICHCTBHEM,
MIPUMEHEHHE KOTOPBIX aKTyalbHO IpH 3a00JICBAHUSIX,
COTIPOBOXKIAIOIIUXCSI HApYIIEHHEM OeIKOBOTO OOMEHa,

OOIIMM HCTOIIEHHEM OpraHu3Ma, HAPYIICHHEM KOMIICH-
CaTOPHBIX U aJaNTallMOHHBIX MPOIECCOB, B YaCTHOCTH
npu Tybepkyiese [11, 62].

B kadecTBe MCTOYHUKOB BBICTYIACT ChIPhE KaK JKH-
BOTHOTO, TaK M PACTHUTEIBHOTO MPOUCXOXKICHHS, CO-
JepaKalee IKAUCTEpou sl Hammumem SKIHCTEpOHIOB
(oxmu30H, 20-rHAPOKCUIKIU30H) MOXKHO OOBSICHHUTH
ncrnonb3oBanue npu Tydepkynese BAJl, Ha ocHoBe nu-
YUHOK OONBIIONH BOCKOBOW Monu. [Tomumo memOpaHo-
CTAOMITM3HUPYIOIIETro, adanTOTeHHOTO W aHaOOINYeCcKo-
ro AedcTBus, ofHUM 13 d(PDEKTOB SBISETCS yCHICHUE
pemapaTuBHON pereHeparyy MeYeHNn MPH TOKCHYIECKOM
TeraTuTe U CTUMYISALUS IPUTPOIOI3a B yCIOBUAX IKC-
MepUMEHTaIbHOM aHeMun [62—65].

MmeroTcst 1aHHble KIMHUYECKUX UCCIeIOBAaHUM KOM-
TUIEKCHOTO JICUCHUS TyOepKyne3a JeTKUX MpernapaToM
«DKIU(GUT» — IKCTPAKT CEPIlyXH BEHIIEHOCHOH, 00a/ia-
IOIIEro aHAaOOMMYECKUM, aJalTOTeHHBIM M TOHU3HPYIO-
umM cBoiicTBoM. [locie mpuema mpemnapara y OOJBHBIX
OTMEYAJIOCh YITy4IlleHHe OOIIero COCTOAHMs, MpubaBKa B
Bece. Mcnonp3oBanue npenapara «OKIUPUT» y G0IBHBIX
TaK)Ke CIIOCOOCTBOBAJIO HAPACTAHUIO KOHIICHTpAIUK OeJl-
ka B KpoBu. OTMeYanach MOJIOKHUTENbHAS PEHTTEHOJIO-
rH4ecKas TUHAMHKA B BHJE YAaCTUYHOTO PACCAChIBAHMS,
YIUIOTHEHUsI HH(DUIBTPAIIMK U YMEHBIICHHUS M 3aKPBITHS
TOJIOCTH PAaCIiajia B OCHOBHOM rpymie y 86% 0osbHbIX, B
KOHTpoJbHOU Tpymme y 75% Gonbubix. Ha done npuema
Ipenapara B OCHOBHOH TpyIIIie OTMEYalIoCh MpeKpalie-
Hue 6akreproBbiencHus y 84,0% 6obHbBIX (B KOHTPOITb-
Hoit rpymime y 70,0%) [64].

3akJirouenue. TakuM 00pa3oMm, BCIIOMOTAaTeNIbHAS
Tepanus TyOepKyJe3a BKIIOYaeT B ce0sl CpeacTBa MpH-
POIHOTO TPOMCXOXKACHUS. PACTUTEIBHOTO, >KHBOTHOTO
1 MuHepanbHOro. Kak moKa3pIBalOT JaHHBIE HCCIE0Ba-
HUH, TpUMEeHeHUe (HUTOTEpaNuy HATIPABICHO HA yCHIIe-
HHUE IUype3a, 00eCIeyNBAIONIETO BHIBEACHNE TOKCHUHBIX
BEIIIECTB M X METa0OJIUTOB, a TAK)KE CHUKECHHUS 00IIETOo
YPOBHSI TOKCHHOB; YCHUJICHHE aHTHOKCUIAHTHOM 3aIIUThHI
OpraHu3Ma, ¥ B YaCTHOCTH MEUCHH, KOMIICHCAIUIO yCHU-
JICHHOTO MOTPeOIeHUs] BUTAMUHOB, aMUHOKHUCIIOT U MU-
KpPO3JIEMEHTOB IMEUYCHBIO, aKTUBHO METabOIU3UpyIOIIeit
KCEHOOMOTHKH, a TAKXKE MOBBIIIEHUE 00IIeH YCTOWYUBO-
CTH Opranu3Ma. brojormueckn akTHBHBIC BEIIECTBA pac-
TEHUH, B YaCTHOCTH d(UpPHBIC Macia, MOJHALETUICHBI,
AJIKAJIOU bl 00JIAIA0T CIICIU(PHUCCKON aHTUMHUKPOOHOM
AKTUBHOCTBIO B OTHOIIICHUU MUKOOAKTEpHil TyOepKyIe-
3a. CXOXyI0 (QYHKIMIO BBITIOJHSET CHIPhE KHBOTHOTO
MIPOUCXOXKIICHUSI, SIBIISIOIIEECS] HCTOYHUKOM BUTAMHUHOB,
AMHHOKHUCIIOT, MUKPO3JIEMEHTOB, a TaKXke 3KIUCTEePOu-
noB. OTMeyaeTcs TakKe MepCIeKTHBHOCTD HCIOIb30Ba-
HUSI MUHEPAJIBHOTO ChIPbsI TPUPOTHOTO MPOUCXOKACHHS
BO BCIIOMOTATEIbHOM Tepanuu TyOepKyIesa.

Introduction. The prevalence of multidrug-resistant
tuberculosis, the low effectiveness of treatment indicate
the urgent need to solve problems aimed at the increase
of the effectiveness of treatment; the reduction of tox-
icity and side effects of pharmaceutical antituberculosis
drugs, the provision of good tolerability and continuity of
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chemotherapy; the removal of symptoms of intoxication
associated with the action of the pathogen on the body,
the improvement of the quality of life of patients during
therapy and remission.

Pathogenetic therapy of tuberculosis patients is one
of the components of complex treatment of tuberculo-
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sis patients and it is aimed at increasing its effectiveness
through the use of agents that affect not the causative
agent of the disease, but the state of various body sys-
tems of the patient with tuberculosis. An obligatory con-
dition for the prescription of any method of pathogenet-
ic therapy is its use against the background of specific
chemotherapy. Depending on the stage of treatment of a
tuberculosis patient, pathogenetic therapy is prescribed,
it can influence the progression processes with the aim
of correcting disorders or processes for the restoration
of body structures that were lost as a result of the patho-
logical process. Product groups of pathogenetic action,
recommended for use in chemotherapy for tuberculosis,
in accordance with the indications, include immunostim-
ulating, detoxifying, anti-inflammatory, desensitizing,
antioxidant, vitamin drugs [1].

Remedies of natural origin, which have a long expe-
rience in folk medicine and have minimal side effects are
of interest [2].

The aim of the investigation is to study the data of
folk medicine, research data regarding the use of raw ma-
terials of natural (vegetable, animal and mineral) origin
in adjuvant therapy of tuberculosis.

Materials and methods. The research was carried
out using information retrieval (PubMed), library data-

bases (eLibrary, Cyberleninka), technical information of
manufacturers of dietary supplements to food, as well as
site materials dedicated to the use of vegetable, animal
and mineral raw materials in folk medicine.

Results and discussion. Products of animal origin
(honey and other products of beekeeping, animal fats,
koumiss, etc.) and of vegetable origin have been used
to treat tuberculosis, traditionally, in the folk medicine
in Russia. At present, they are more used in adjuvant
therapy. Medicinal plant raw materials are used in the
form of liquors and broths to enhance the protective
functions of the body (Aloe, Inonotus), vitamins (Rosa,
Urtica, Bidens, Primula), as hemostatic (Equisetum, El-
ytrigia, Urtica, Potentilla, Polygonum bistorta L., Bet-
onica officinalis L.), expectorants (Tussilago farfara L.,
Glycyrrhiza, Salvia, Althaea), antimicrobial agents (Pi-
nus, Juniperus, Eucalyptus, Salvia, Allium sativum L.,
Betula, Thymus), and also to reduce sweating (Salvia,
Hyssopus officinalis L.). Honey and propolis are used
to increase the protective forces of the body, propolis
is also used for inhalations as an antimicrobial agent
[3-7].

Along with monocomponent extracts, teas of raw
material of vegetable origin are also used. Some of them
are presented in Table 1 [4, 5].

Table 1 — Teas of vegetable raw materials for the treatment of tuberculosis, folk medicine

Formulation of a tea Route of administration
Fruits of Juniper, herb of Equisetum, herb of Polygonum aviculare L. Infusion
Herb of Achillea millefolium L., leaves of Salvia, fruits of Anisum Decoction
Herb of Polygonum aviculare L., roots of Glycyrrhiza Infusion
Leaves of Urtica, roots of Urtica Infusion
Leaves of Leonurus, roots of Cichorium intybus L. Infusion
Roots of Potentilla, roots of Polygonum bistorta L., herb of Artemisia, Infusion
Menyanthes trifoliata L., Polygonum persicaria L.
Hypericum perforatum L., Leonurus, Urtica, Equisetum, Equisetum, Infusion
Salvia, Plantago, Betula, Calendula
Primula, Polygonum aviculare L., Equisetum, Galeopsis tetrahit L. Infusion
Blooms and leaves of Tussilago farfara L., root of Glycyrrhiza, Infusion in vacuum flask
herb of Polygonum aviculare L., herb of Pulmonaria,
herb of common Equisetum, herb of Salvia

There are plants teas and products of animal origin,
whose use in the therapy of tuberculosis is based on the
experience of folk medicine, as their producers say, in the

market of dietary supplements to food and food products.
Table 2 presents teas of raw materials of vegetable origin
[8-10].

Table 2 — Dietary supplements in the form of teas made of medicinal plant raw materials,
recommended for tuberculosis

Name, producer

Formulation

Declared effect

Tea No. 57 (tea of
pulmonary tuberculosis),
«Herbs of the Caucasus»,

Hot spring town

Herb of Pulmonaria, Thymus, Bursae pastoris, Equisetum,
Polygonum aviculare L., fruits of Juniperus, Foeniculum
vulgare Mill., flowers of Inula helenium L., Cetraria islandica
Ach., buds of Populus, Betula, roots of Althea, Inula, Angelica,
Glycyrrhiza

Bactericidal,
anti-inflammatory,
expectorant,
immunomodulating

Tea No. 48 (pulmonary
tuberculosis),
“Marislavna” trade name,
Maikop town

Roots of Althea, Inula, Glycyrrhiza, leaves of Betula, Jugans
regia L., Tussilago farfara L., Salvia, Eucalyptus, buds of
Populus nigra, herb of Ledum palustre L., Hypericum, Solidago,
Achillea millefolium, Equisetum, Thymus, flowers of Tilia

Anti-inflammatory,
antiviral,
broncholytic action
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Table 2 continued

Tea of herbs No. 3
“Pulmonary tuberculosis”,
O.A. Trutneva self-
employed entrepreneur,
Biysk town

Aster sibiricus, Betonica officinalis L., Geranium pratense L.
Geranium pratense L., Xanthium strumarium L., Inula helenium
L. (root), Lythrum salicaria L., Trollius asiaticus, Artemisia
gmelinii Webb ex Stechmann, Juglans mandshurica Maxim.
(leaf), Echium vulgare L., Scabiosa ochrolenca L., Schizonepeta
multifida (L.) Brig.

Cleaning the
respiratory tract,
anti-inflammatory
effect

Pulmonary tuberculosis
herbal tea, Healing herbs
of North Caucasus,
Maikop town

Herb of Achillea millefolium L., Hypericum, Centaurium
umbellatum Gilib., Tussilago farfara L., Agrimonia eupatoria L.,
Helianthus tuberosus L., flowers of Helichrysum arenarium (L.)

Moench., Calendula, roots of Inula, Glycyrrhiza, Symphitum,
leaves of salvia

Anti-inflammatory,
hemocathartic, anti-
infective, antiviral
effect

Dietary supplements to food based on raw mate-
rials of animal origin, recommended by manufactu-

rers for use in tuberculosis are presented in Table 3
[6, 7].

Table 3 — Dietary supplements to food based on raw materials of animal origin,
recommended by manufacturers for use in tuberculosis

Name, producer

Formulation

Declared effect

Galleria mellonella-broncho syrup,
PC «Elservis» LLC, Altai Territory

Extract of Galleria mellonella L.,
Tussilago farfara L., sugar syrup

Mucolytic

Homogenate of larva of bee moth,
adsorbed, dry, «Melmour» LLC,
Sochi city

Larva of Galleria mellonella L.,
lactose, fructose

Action on the causative agent of
tuberculosis

Liquor of excrement of bee moth
larva, «Melmour» LLC, Sochi city

Excrement of Galleria mellonella L.
larva, ethyl alcohol

Action on the causative agent of
tuberculosis, immunomodulating

Liquor of bee moth larva, «Melmour»
LLC, Sochi city

Larva of Galleria mellonella L., ethyl
alcohol

Action on the causative agent of
tuberculosis, immunomodulating

Pantorin (dry powder of antlers
of young Siberian stags, auxiliary
substances), “Pharm-product” LLC

Dry powder of antlers of young
Siberian stags, auxiliary substances

Tonic, source of aminoacids and
microelements

The effectiveness of using many types of natural
raw materials is proved by scientific research. Thus,
phytotherapy as an auxiliary component in the treatment
of tuberculosis can be used for violations of the func-
tional state of the liver, adverse reactions to chemother-
apeutic agents, insufficient effectiveness of traditional
chemotherapy, for violations in the blood system and
suppression of immune status. The use of phytotherapy
contributes to the intensification of diuresis, ensuring the
removal of toxic substances and their metabolites, the re-
duction of the overall level of toxins; the increase of the
antioxidant defense of the liver. [11-15].

For example, Barnaulov O.D. et al. proposed a
scheme for the development of anti-tuberculosis teas
based on the results of studying the pharmacological
properties of aquatic extracts of plants on various labo-
ratory animals. It is based on the use of components the
action of which is aimed at eliminating the cause of the
disease, reducing pathogenetic changes and strengthen-
ing the protective, compensatory-adaptive forces of the
body. Thus, the teas include medicinal plants character-
ized by antimicrobial, anti-inflammatory, secretory, im-
munomodulating activity, accelerating regeneration pro-
cesses and detoxification activity [11].

According to the generalized data, the following
groups of plant biologically active substances: flavo-
noids, coumarins, chromones, simple phenols, quinones,
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alkaloids, terpenoids, etc. [16, 17] have antimicrobial ac-
tion against mycobacteria tuberculosis.

There is evidence that falkarinol and falkarindiol
(polyacetylene compounds) known as phytoalexins of
tomatoes, carrots, show antituberculous properties. They
actively suppress the growth of Mycobacterium spp., In-
cluding M. tuberculosis [16, 18].

The studies have established an intense anti-tubercu-
losis activity of ether oils of Artemisia scoparia Waldst.
& Kit. and Bidens cernua L., containing aromatic poly-
acetylene compounds as main components: capillen and
capillin in the ether oil of Artemisia scoparia Waldst. &
Kit., and phenylheptatriene in the ether oil of the Bidens
cernua L. [18].

There is evidence of the presence of antimicrobial prop-
erties in propolis against Mycobacterium tuberculosis [19].

It is found in studies that due to the presence of ar-
omatic phenols an extract of a mixture of lichens of the
Cetraria and Cladonia has an intense antibacterial effect
in vitro on susceptible and resistant strains of mycobacte-
rium tuberculosis [20].

The anti-tuberculosis activity of ether oils of Arte-
misia austriaca Jacg., Artemisia santonica L., Achillea
latiloba Ledeb., Artemisia annua L. is proved. The sen-
sitivity determination of mycobacteria tuberculosis to
the samples of the test ether oil of Artemisia annua L.
was compared with standard antituberculosis drugs. As
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shown by experimental data, ether oil of Artemisia annua
L. exhibits anti-tuberculosis activity (threshold concen-
tration is 20 mg / ml) at the level of official anti-tubercu-
losis drugs (rifampicin, protionamide) [21, 22].

Scientists of the Republic of Kazakhstan conducted
research of the antimibacterial activity of the plant ether
oils of the flora of Kazakhstan (Artemisia Filatova, Ar-
temisia sieversiana Ehrh. ex Willd., Ajania fruticulosa
(Ledeb.) Poljakov, Populus buds, etc.) [23-25]. There
are data from clinical studies confirming the effective-
ness of inhalation application of “Eferol” drug (20%
alcohol solution of ether oil of Artemisia glabella Kar.
et Kir) in patients with severe symptoms of intoxication
with cough and excretion of mucopurulent sputum, per-
sistent bacterial excretion and destructive forms of tuber-
culosis. It was revealed that bacterioexcretion in the 1st
group receiving inhalation of the drug “Eferol”, ceased in
91.8 + 3.9% of cases after the treatment course. At the
same time, the termination of bacterioexcretion was not-
ed in 73.3 £ 6.6% cases [26, 27] in patients of the 2nd
group (without adjuvant therapy by “Eferol”).

There are research data on the antimicrobial activity
of extracts and etherl oil of Allium sativum L. against
mycobacteria tuberculosis. It has been established that
garlic extracts, enriched with allein and ajoen, have an-
tibacterial activity comparable with the activity of ref-
erence drugs — antituberculous drugs. In this case, the
allicin-containing extract was superior to the reference
drugs - isoniazid and ethambutol in activity, and the ajo-
en-containing extract was comparable to them. Garlic oil
also had antibacterial activity, but at much higher con-
centrations than reference drugs [28].

In the studies, the antimicrobial effect of the hexane
fraction of the overground part of the Urtica dioica L.
of and Cassia sophera Linn was proved with respect to
drug-resistant mycobacteria and mycobacteria, isolated
from clinical material [29].

Scientists of ASU conducted research on the effect of
plant extracts in the Astrakhan region on mycobacterium
tuberculosis. The highest inhibitory effect was recorded
in the aqueous alcoholic extract from the root of Glycyr-
rhiza against M. tuberculosis (H37RV) [30].

The use of hepatoprotectors in the treatment of tu-
berculosis is crucial because of the specific course of the
disease itself and the toxicity of the chemotherapeutic
agents used. The most frequent side effect of antituber-
culosis drugs is the toxic effect on the liver (44.9% of
patients). Along with the use of hepatoprotective prepa-
rations (Heptral, Essentiale, etc.), opportunities of using
medicinal raw material of vegetable origin and products
of animal origin are under consideration [12, 14].

Besides, there is a sufficient amount of information
in the literature on the presence of hepatoprotective ac-
tivity in the following types of medicinal plant material:
common oat, camel’s thorn, “Limonidine” (a substance
based on Limonium Gmelinii (Willd.) Kuntze), Bupleu-
rum aureum Fisch. ex Hoffm., individual flavonoids (di-
hydroquercetin, quercetin, rutin), Tanacetum vulgare L.,
Phellodendron amurense Rupr. [31-33].

Barnaulov O.D. et al. proposed to include Curcu-
ma longa L., Glycyrrhiza glabra L., Aralia elata (Miq.)
Seem., Schisandra chinensis (Turcz.) Baill., Eleuthero-
coccus senticosus (Rupr. & Maxim.) Maxim., Zingiber
officinale Roscoe, Hypericum perforatum L., Matricaria
chamomilla L., Bidens tripartita L., Salvia officinalis L.
as hepatoprotectors into anti-tuberculosis teas [11].

There are data from clinical studies confirming the
application perspectiveness in “Rosobtin” tuberculosis
complex therapy (roots and rhizomes of Inula, herb of
Centaurium, fruits of Crataegus, Rosa, flowers of Tanac-
etum). According to the researchers, the tea has a hepa-
toprotective effect. Alongside its administration, patients
showed a positive dynamics of clinical symptoms, con-
firmed by clinical and laboratory studies [34].

The effectiveness of the use of “Galstena” homeo-
pathic remedy in tuberculosis patients is proved as a re-
sult of laboratory and clinical studies. It is proved that the
drug shows hepatoprotective and antioxidant properties.
Its use in tuberculosis contributes to clinical and labora-
tory signs of drug-induced liver damage [31].

Lipid peroxidation activity was significantly in-
creased in patients with drug-resistant tuberculosis in
comparison with healthy people. Therefore, the need
for early administration of antioxidant agents is noted.
Polyphenols (flavonoids, tannins) of plants have the most
intense antioxidant properties. As potential antioxidants,
according to the literature, the following types of medici-
nal plant material can be considered: antioxidant activity
was found in bur beggar-ticks, Urtica dioica, Glycyrrhiza
glabra L., Scutellaria baicalensis Georgi, Equisetum ar-
vense L., Limonium Gmelinii, and also extracts of prop-
olis and larva of Galleria mellonella L. [15, 33, 35-38].

The cellular immunity, in particular, the bactericidal
system of macrophages that eliminate mycobacteria, in
the fight against the pathogen in tuberculosis, is of great
importance. The multiplication of mycobacterium tuber-
culosis in the body, the entry of their antigens into bio-
logical fluids and tissues, the excretion of components
of damaged host cells, metabolites, cause the suppres-
sion of cellular immunity. Taking this into account, when
choosing an adjuvant therapy, a search to find means for
correcting immunity disorders is made [15, 39].

As an example, we can study the effect of Glycyrrhi-
za root extract on the immunity of laboratory animals. It
has been established that the administration of Glycyr-
rhiza root extract, per os, at the dose of 0.2 mg / kg in
the abdominal cavity, to mice preliminarily infected with
M. tuberculosis, H37Ryv, significantly increased the func-
tional activity of peritoneal macrophages in terms of ab-
sorbent capacity and increased activity of the bactericidal
phagocyte system - myeloperoxidase system [40].

There are data from studies showing that the “Gre-
tavosk” liquor (based on larva of greater wax moth) has
a stimulating effect on the functional activity of T-lym-
phocytes. The indicator of the delayed-type hypersensi-
tivity of the test group of mice that received a solution
of lyophilized powder of male bee brood at the dose of
100 mg / kg was 9.91 vs. 6.53 in control animals, i.e.
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lyophilized powder stimulates the functional activity of
T-lymphocytes, enhancing the production of mediators
by sensitized lymphocytes that accompany delayed-type
cellular reactions [41].

As a result of clinical studies, it was noted that the
inclusion of combination (bee honey and propolis oil, an-
imal fats, phyto-components, fir oil, garlic, vitamin tea,
pollen) in complex therapy of patients with pulmonary
tuberculosis is accompanied by an increase in the total
number of lymphocytes. The use of combination with
standard therapy allowed to achieve positive radiologic
dynamics — resorption of the infiltrate, closure of the de-
cay cavity was registered in 87% of cases, absence of
dynamics — in 13%, and the excretion of mycobacteria
with sputum ceased in all studied patients [14].

As it was noted, the adjuvant detoxification therapy
is crucial in the treatment of diseases of the respiratory
tract and lungs, especially in the long course of the dis-
ease. The prescription of medicinal plants (the leaves of
Urtica dioica L., the roots of Arctium, herb of Equisetum
arvense L., the roots of Taraxacum officinale Wigg., the
leaves of Betula) is recommended in the treatment of dis-
eases of the upper respiratory tract after intensive courses
of drug therapy. Pectins and inulin, which are present,
including in the underground part of Asteraceae plant
family (Taraxacum officinale Wigg., Arctium, Inula he-
lenium L.), are characterized by a high complexing abil-
ity, which makes it possible to use them as detoxifying
agents in the complex therapy of tuberculosis [42-45].

Antituberculous drugs are exposed to biotransforma-
tion in the liver — the enzymatic conversion of the original
chemicals into inactive and easily removable compounds
from the body. Biotransformation is a cascade process in
which many enzymes and proteins of the body take part
simultaneously or alternately. As a rule, the process oc-
curs in three stages: the phase of modification, the phase
of detoxification, the phase of excretion, and specific
enzyme systems take part in each phase. The presence
of many substances — ascorbates, tocopherols, minerals,
vitamins and others — are required for functioning of the
detoxification system [11, 46].

The main condition for functioning of the detoxifica-
tion system is a sufficient intake of a protein in the body
that is proper in its amino acid composition for replenish-
ing the pool of enzymes. From these positions, the tradi-
tional use of beekeeping products such as flower pollen,
bee bread, propolis, royal jelly, larva of bee moth, dead
bees, which are an additional source of amino acids, in ad-
juvant therapy of tuberculosis can be explained [47, 48].

An intense deficit and imbalance of individual vita-
mins, in particular ascorbic acid, develop in tuberculosis.
The deficit of ascorbic acid is greater in the phase of de-
cay. A deficiency of vitamin B2 (riboflavin) is also noted
—its low content in the blood is fixed in all clinical forms
of active tuberculosis. The exchange of vitamin B1-thia-
mine is also disturbed and its deficiency arises in patients
with pulmonary tuberculosis. It is noted in studies of for-
eign authors, that there is a need to compensate for the
lack of vitamin A in this disease [15, 49].
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Medicinal plant raw materials, a source of multivita-
mins (fruits of Rosa, Viburnum opulus L., Sorbus aucu-
paria L., leaves of Urtica dioica L.) are included in teas
for the treatment of tuberculosis to correct vitamin defi-
ciency. This approach to the treatment of tuberculosis is
also characteristic of folk medicine [4, 5, 11, 43].

Raw materials of animal origin, used in adjuvant
therapy of tuberculosis (bee products, animal fats,
koumiss) can be considered as a source of vitamins. In
addition to amino acids, flavonoids, oxycinnamic acids,
tar acids, ether oils, propolis contains vitamins (B1, B2,
B3, B5, B6, A, E), minerals (potassium, calcium, phos-
phorus, magnesium, iron, sulfur, zinc, etc.). Vitamins are
contained in pollen (vitamins B, A, E, D, K), in bee bread
(vitamins A, B1, B2, C, D, E, K). Mainly water-soluble
vitamins of group B, as well as vitamins C, H are present-
ed in royal jelly [48, 49].

Lately, the role of microelements in the complex
therapy of tuberculosis has been attracting the attention
of researchers [50-53].

So, silicon is necessary for normal functioning of the
connective tissue of the lungs, glands of internal secre-
tion. A number of studies have noted the role of silicon
as an essential component of tuberculosis adjuvant ther-
apy. There are a number of reports devoted to the search
for plant sources of silicon. As a result of the analysis
of the content of silicon in the raw materials it has been
established that Equisetum arvense L., Urtica dioica L.,
Polygonum aviculare L., Achillea millefolium L., Inu-
la helenium L. can be used as sources of silicon. This
is consistent with the practice of using these plants for
pulmonary tuberculosis, especially hemoptysis, in folk
medicine [54, 55].

More than 70 zinc-proteins are known, many of
which are metal-enzymes (DNA and RNA polymerase,
thymidine kinase, etc.), which play an important role in
the metabolism of nucleic acids and protein. Zinc acts as
an antioxidant in the enzymes of superoxide dismutase,
prevents interaction with more aggressive heavy metals,
and binds to redox-active sites. Zinc also acts as a regu-
lator of metalloproteinases, which play the role of anti-
radical protection. Zinc is an element that takes part in
proliferation, differentiation, maturation and activation
of lymphocytes involved in humoral and cellular immu-
nity. The results of the studies showed a reduced level of
zinc and selenium in serum in patients with tuberculosis
in comparison with the control group, which included
uninfected people [52, 53, 56-58].

Clinical studies show the effectiveness of using a
combination of vitamin A and zinc (zinc sulfate) in the
complex therapy of tuberculosis: smear conversion was
noted [50].

Anemia appears in patients with tuberculosis. Both
pathogenic microorganisms and the human body have
proteins, the main function of which is binding and mobi-
lization of iron for the needs of various vital biochemical
reactions. A positive effect of antituberculosis therapy on
the anemia of inflammation has been established in stud-
ies, however, multifactorial anemia and iron deficiency
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anemia of inflammation may persist in addition to antitu-
berculous drugs [59].

The content of calcium is of greatest interest, since
its ions activate the action of many enzymes, promote
blood clotting, regulate the permeability of cell mem-
branes. High calcium content is noted in the herb of
Medicago sativa L., Polygonum aviculare L. and roots of
Glycyrrhiza (contain up to 25% calcium by weight of dry
substance). Traditionally, the source of calcium is natural
mineral salts [3, 51, 59, 60].

As sources of microelements, it is possible to con-
sider such types of natural raw materials as moommiyo,
antlers, bee products (larva of Galleria mellonella L. and
products of its vital activity) [48, 60].

Recently, the possibility of using nanoparticles of
micro- and macro-elements for the use in tuberculosis
adjuvant therapy, obtained by the methods of “green
chemistry” on the basis of extracts of medicinal plant raw
materials, has been considered [61].

One of the promising groups of remedies of natu-
ral origin are complexes with anabolic, adaptogenic and
tonic effect, the use of which is actual in diseases ac-
companied by a violation of protein metabolism, gener-
al exhaustion of the organism, violation of compensato-
ry and adaptive processes, in particular in tuberculosis
[11, 62].

Raw materials of animal and vegetable origin, con-
taining ecdysteroids act as sources. The use of dietary
supplements, based on the larvae of a large bee moth in
tuberculosis can be explained by the presence of ecdys-
teroids (ecdysone, 20-hydroxyecdysone (ecdysterone)).
In addition to membrane-stabilizing, adaptogenic and
anabolic effects, one of the effects is the enhancement
of reparative liver regeneration in toxic hepatitis and the

stimulation of erythropoiesis in experimental anemia
[62-65].

There are data from clinical studies of “Ekdifit” drug
(extract of Serratula coronata L., having anabolic, adap-
togenic and toning property) in the complex treatment
of pulmonary tuberculosis. After taking the drug by pa-
tients, there was improvement in the general condition,
an increase in weight. The use of “Ekdifit” drug also con-
tributed to the increase of protein concentration in the
blood of patients. Positive X-ray dynamics was observed
in the form of partial resorption, densification of infiltra-
tion and reduction and closure of the decay cavity in the
main group in 86% of patients, in the control group in
75% of patients. In addition to taking the drug in the main
group, there was a termination of bacterial excretion in
84.0% of patients (in the control group in 70.0%) [64].

Conclusion. Thus, the adjuvant therapy of tubercu-
losis includes remedies of natural origin: vegetable, an-
imal and mineral ones. According to the research data,
the use of phytotherapy is aimed at enhancing diuresis,
which ensures the elimination of toxic substances and its
metabolites, as well as the reduction of the overall level of
toxins; strengthening of the body’s antioxidant defense,
and liver specificity, compensating for the increased con-
sumption of vitamins, amino acids and micro elements by
the liver, which actively metabolizes xenobiotics, as well
as increases the body’s overall resistance. Biologically
active substances of plants in particular ether oils, poly-
acetylenes, alkaloids have specific antimicrobial activity
against mycobacterium tuberculosis. A similar function
is performed by raw materials of animal origin, which is
a source of vitamins, amino acids, micro elements, and
ecdysteroids. There is also a perspective of using natural
mineral raw materials in tuberculosis adjuvant therapy.
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OCOBEHHOCTU KY/1IbTUBUPOBAHUA LULTAMMOB
HAEMOPHILUS INFLUENZAE TUN B-NPOAYLEHTOB
NoONMNPUBO3UNNTPUBUTONTDOCHATA — OCHOBHOIO KOMMOHEHTA
NMONNCAXAPUAHDBIX BAKUWUH

EJI. Canumosa, A/]. Konon, C.B. [lempoeckuit,
B.II. Tpyxun, H.B. Kpacunvnukos

DedepanvHoe 20CyOapcmeeHHoe YHUMAPHOe NPeOnpusimue
«Canxkm-Ilemep6ypeckuil HAYYHO-UCCIE008AMENbCKUL UHCIUNTYI 6AKYUH U CbIEOPOMOK U NPEONpUsimue no npous-
600CcmM8Y OAKMEPUIIHBIX NPENAPAMOE
DedepanbHo20 MeOUKO-OU0I02UUECKO20 a2eHMCmBd
198320, Canxm-Ilemepoype, e. Kpacuoe Ceno, yin. Ce0600ut, 0. 52
E-mail: e.l.salimova@spbniivs.ru

OOHOtL U3 AKMYATbHBIX 3a0a4 COBPEMEHHOU UMMYHOOUOMEXHOLO2UU A8IAeMCcsl paspadomka u eneopeHue 3¢-
hexmueHoll BaKyuHbl NPOMUE 2eMOPUILHOL UHGeKyul, 8030youmenem komopotil seisiemces 6akmepus Haemophilus
influenzae mun b (Hib). Ocnosnvim oeticmsyiowum eewgecmeom saxyunvt npomues Hib-undexyuu sersnemes xancyno-
Hblil nonucaxapuod nonupubosuipudbumongocpam (IIPPD), komopwiii gvloensiom u3 KyromypaisHou dcuokocmu H.
influenzae mun b. Basicnvim mexnonoeuueckum smanom nonyuenus I[1PD sgnsemcs KyIbmuupo8anue wmamma-npo-
OVYEeHma 6 YCIo8UAX, NO36OAOUUX NOLYYUNb MAKCUMATbHOE KOIUYEeCmB0 yeneo2o npooykma. Ha dannuiil momenm
NAAHUPYemcst no060p ONMUMAaibHbIX Ycaosull Kyivmusuposanus wmavma H. influenzae mun b B-7884, usonuposan-
HO20 U udeHmuguyuposantozo paree compyornukamu @I'YVII «Cankm-IlemepOypeckuil HayyHO-UCCIE008aMENbCKULL
UHCIMUMYmM 8AKYUH U CbIBOPOMOK U npeonpusmue no npouseoocmey daxmeputinvix npenapamos» @MbA Poccuu.
ILleny Oanmnoti pabomvl — 0000WUMb U NPOAHATUIUPOBATNL OAHHLIE TUMEPAMYPbl OMHOCUMENbHO 0CODeHHOCmell
kynomusuposarus wmammog H. influenzae mun b, a maxorce svioenenus ocnosuvix paxmopos, enusrowux Ha 6UOCUH-
me3 [IP®. Mamepuanwst u memoowl. B npoyecce noobopa mamepuana 0 HANUCAHUSL 0O30PHOLL CIAMbU UCHONIb30-
sanu 6azvl oannvix Google Patents, Science Research Portal, Google Scholar, ScienceDirect, CiteSeer, Publications,
Researchindex, Ingenta, PubMed, KEGG u dp. Pesynomamsl u oocyscoenue. B pesyiomame ananuza numepanty-
Dbl ObLIU 8bIOENIEHbl OCHOBHbIE (Yakmopbl, eruawue Ha duocunmes [IPD: npupooa u KoHYeHmMpayus UCMOYHUKO8
yenepooa u azoma 6 cOCmase NUMmameibHol cpedvl, KoHyenmpayus axmopos pocma (HUKOMUaMUOAOeHUHOUH)-
KIe0muo, eemMuH, GUMAMUHbL), OONOTHUMETbHOE GHeceHue noonumxu, peeyiayus pH ¢ npoyecce Kynbmuguposanus,
ckopocmo nepemewuganusi. O6obujeHvl danHvle no wmammam-npooyyeumam IP®@ u ycrosusm ux Kynibmusupo-
8aHUA, A MAKICe KOMUYeCMEY CUHme3uposarnno2o IIP®, komopoe cyuwecmeeHHo 3asucum u om QU3UOTOSUYECKUX
B03MOANCHOCHIEU OUONOSUUECKO20 A2eHMA, U OM (AKMOPOs, GIUAIOWUX HA PecyIayulo Memabonusma. 3aKayeHnue.
Pezynomamur danroil pabomut 6y0ym yuumuleamvcs npu nPo8eoeHuUl UCCi1ed08anull No ONMUMUZAYUL YCILOGULL KYTb-
musupoganust wmamma H. influenzae mun b B-7884.

Knroueswie crosa: Haemophilus influenzae mun b, cemopunonas ungexyus, kynomusuposanue, numamenshule
cpeovl, nonupubosurpudbumongocgham
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PECULIARITIES OF CULTIVATION OF HAEMOPHILUS INFLUENZAE
TYPE B STRAINS — PRODUCERS OF POLYRIBOSYLRIBITOL PHOSPHATE —
THE MAIN COMPONENT OF POLYSACCHARIDE VACCINES

E.L. Salimova, A.D. Konon, S.V. Petrovskii, V.P. Truhin, 1.V. Krasilnikov

The federal state unitary enterprise ““Saint-Petersburg scientific research institute of vaccines and serums
and the enterprise for the production of bacterial preparations” of Federal medical and biologic agency
52, Svoboda Str, Krasnoe selo, St.-Peterburg, Russia, 198320
E-mail: e.l.salimova@spbniivs.ru

One of the up-to-date challenges of modern immunobiotechnology is the development and introduction of an
effective vaccine against the infection caused by the bacterium Haemophilus influenza, type b (Hib). The main active
substance of the vaccine against Hib infection is the capsular polysaccharide polyribosylribitol phosphate (PRP),
which is isolated from the fermentation broth of H. influenzae type b. An important technological step in obtaining
PRP is the cultivation of the producer strain under conditions that allow obtaining the maximum amount of the target
product. At the moment, it is planned to select the optimal conditions for cultivation of H. influenzae type b B-7884,
which had been earlier isolated and identified by the employees of FSUE ““Saint-Petersburg scientific research insti-
tute of vaccines and serums and the enterprise for the production of bacterial preparations” of FMBA, Russia. The
analysis of literature data concerning the cultivation of H. influenzae type b was made in order to identify the main
factors influencing the biosynthesis of PRP. The aim of the investigation is to analyze and summarize the literature
data on the cultivation peculiarities of haemophilus influenzae of b-type strains. Materials and methods. In the pro-
cess of selecting the material for writing this review article. The databases of Google Patents, Science Research Por-
tal, Google Scholar, ScienceDirect, CiteSeer Publications Researchindex, Ingenta, PubMed, KEGG, etc. were used.
Results and discussion. As a result of the literature analysis, the main factors influencing the PRP biosynthesis were
identified: the nature and concentration of carbon and nitrogen sources in the growth medium, the concentration of
growth factors (nicotinamide adenine dinucleotide, hemin, vitamins), additional feed, pH adjustment during cultiva-
tion, stirring speed. The data of PRP-producing strains and the conditions of their cultivation have been summarized,
as well as the amount of synthesized PRP, which essentially depends on both the physiological capabilities of the
biological agent and the factors effecting the regulation of metabolism. Conclusion. The results of this work will be
taken into account in carrying out the researches for optimization of H. influenzae type b B-7884 strain cultivation

conditions.

Keywords: Haemophilus influenzae type b, hemopbhilic infection, cultivation, growth mediums, polyribosylribitol

phosphate

Beenenne. OmHOM W3 OCHOBHBIX MPUYHH 3a00-
JIEBAEMOCTH M CMEPTHOCTH JIeTeH MJIaJIero Bo3pac-
Ta OT ITHEBMOHMH W MEHHUHTUTA SIBISICTCS OakTepusi
Haemophilus influenzae tum b (Hib) [1-5]. Cunraercs,
YTO €OMHCTBCHHBIN 3((EKTHBHBIN CIIOCOO MPEeAOTBpa-
nieHns nHQeKni, Be3biBaeMbIx Hib (remModuibHOM HH-
(exrun), — BakuuHaus [6-11].

B cocraB BakIMHBI IPOTUB reMOPHUIBHON HHPEKIUH
BXOJUT KalCYJIbHBIA MOJHCcCaXapua NoIupudo3uipuou-
tondocdar (ITPD), cunresupyemsrit H. influenzae tun b
B 3HAUUTENBHBIX KOJMYECTBAX ITPU POCTE Ha JKHUJIKUX ITH-
TarenpHbIX cpenax [12]. 3BecTHO, UTO OMHUM U3 HanbO-
Jiee BaXKHBIX 3TAIOB IPH IPOU3BOJCTBE BAKIIUH SIBIISICTCS
KyJIBTHBUPOBAaHUE NPOAYIIEHTA B ONTHMAIIBHBIX YCIIOBH-
SIX, 9TO MO3BOJISIET MOJTYYUTh MAaKCUMAJIbHBINH BBIXO/] 11e-
JICBOTO TIPOAYKTA C MUHUMAIIbHBIMHU 3aTPaTaMHu.

Pannee corpymaukamu ®OI'YII «Cankr-IletepOypr-
CKUH HAay4YHO-MCCIICJOBATEILCKUI WHCTHTYT BaKLUH
U CBIBOPOTOK M TPEINPHSATHE 0 MPOU3BOJACTBY OakTe-
puiinbix npenaparoB» ®MBA Poccun Ob1 mM3ommpo-
BaH ImTaMM wuaeHTHGuIpoBanHbii kak H. influenzae
tun b. IIpoBeneHo JeMOHNPOBaHNE TAHHOTO IITAMMA B
TocynapcTBEHHOM KOJUICKIIMM MATOT€HHBIX MHKpPOOpra-

HU3MOB M KJIeTOuHBIX KynbTyp «I'’KIIM — OGonenck»
OenepanbHOTO OIOMKETHOTO yupexaeHus Haykn «lo-
CYJapCTBEHHBI HAyYHBIH LEHTP NPHUKJIAJAHOW MHUKpPO-
6uonorun u 6uorexuonorum» (OPBYH I'HIJ TIMB) nox
Homepom B-7884 mist meseit HaMOHAIBHON MATEHTHOMN
nporeaypst [13], B pesysibrare KOTOpoi ObLT MONyUYESH
nateHT Ha u3obpetenue [14]. lonoOpaHbl ycnoBus mo-
JMy4eHHUs U OoTpabOTaHBl METONMKH KOHTpois InaBHOM
n Paboueif moceBHOI KynbsTypsl. Ha cremyromem stame
IUTAHUPYETCSl TOA00p ONTHMAJIBLHOTO KOMITOHEHTHOTO
COCTaBa UJKOM IIUTATEIbHON CPEllbl, a TAKXKE YCIOBUN
KyJIETUBHpOBaHMs mtamMma B-7884 nns nonyuenus mak-
CHUMaJBHOTO KOJIMYECTBA KallCyJbHOTO TOJIMCaxapHaa
nonupubosunpudutonpocoara (ITPD).

Heab manHO# pabOThI — 00OOIIUTE U TIPOAHATU3H-
poBaTh JaHHBIC JUTEPATYpbl OTHOCHUTEIBHO OCOOCHHO-
cTeil kynsruBupoBanus mrammoB H. influenzae tum b.

Marepuasnsl u MeToabl. B niporiecce nogbopa mare-
puana Ui HanucaHWs 0030pPHON CTAaThH HCIIOIB30BAN
0a3el nanubIx Google Patents, Science Research Portal,
Google Scholar, ScienceDirect, CiteSeer, Publications,
Researchindex, Ingenta, PubMed, KEGG u ap. Ilouck
cTareii MPOBOMIIN 0 KITt04eBbIM ciioBam «Haemophilus
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influenzae type b», «PRP», «cultivation», «culture
medium», «fermenter».

Pe3yabrarsl u 06cy:xaenne. [logbop onTUMAaIbHBIX
YCIIOBUH KyJIBTHBUPOBAHMS, B IIEPBYIO OUepe/lb, CBSI3aH
¢ (U3NOIOTHYCCKUMH OCOOCHHOCTSMH TIPOAYIICHTA U
3aKOHOMEPHOCTSIMH CHHTE3a IIeJICBOr0 MPOAYyKTa. YUH-
TBIBAsl, 4YTO TOAMPpUOO3MIpuOUTONdOChHAT SBISIETCS
KarcynbpHeIM TonucaxapuaoM H. influenzae tum b, Bo-
IIPOCHI, CBSI3aHHBIE C €r0 OMOCHHTE30M B 3aBUCHMOCTH
oT (ha3sl pocTa MPOIYLEHTA, BBIICICHUEM B IMTATEINb-
HYIO Cpey, BIUSHHEM IMPEIIICCTBEHHUKOB ONOCHHTE3A,
3aBHCHMOCTBIO 00pa30BaHMS MOJTUCAXapuaa OT CKOPO-
CTH HAKOTUICHHUS GromMacchl 0060 uHTEepecHsI [15].

Tak, eme B 70-X rogax mpoIuwioro Beka ObLIO yCTa-
HOBJIEHO, 4TO cuHTe3 [IPD y mectu uccienryembix
mrrammoB H. influenzae tumn b npoucxoaut ogHOBpEeMeH-
HO C POCTOM KYNIBTYphI M MaKCHMAalIbHBI YPOBECHb Ha-
KOIUICHHUS IIEJICBOTO NPOAYKTa HAOIIOmaeTCs B paHHEH
CTaIMoHapHo# (asze pocta [16].

KarncynpHblil monucaxapuj CHHTE3UpPYETCS 3K30-
TeHHO, €r0 OCBOOOKICHHE B KYJIBTYPAIBHYIO YKHUIKOCTh
MIPOUCXOIUT Yepe3 HECKOIBKO YacOB IOCIE OKOHYAHUS
ouocuHTe3a. [Ipu 3TOM CKOpOCTH OCBOOOKICHHS TIO-
JMcaxapuia B OKCIIOHEHIMANbHOW (aze pocra HMHAU-
BUAyajbHa U KaxJaoro mramma. Beigenenue [1PO B
MUTATEIbHYI0 CpPely MPOUCXOIMIO CaMOIIPOM3BOIIBHO,
oJIHaKo aBTOPHI [16] moguepKUBarOT, YTO Uil YCKOPEHHS
JTAHHOTO TIPOIIecca W YBEIWYCHUS KOTUIECTBA CHHTE3H-
POBaHHOTO TIOJIUCAXapH/a LEeJIeCO00Pa3HbIM SIBIISIETCS
HarpeBaHue Win 00paboTka GMOMaCChl yIBTPa3BYKOM.

Jpyroit HHTEpECHBIH MOAXO0A MO YBEIUYEHUIO KOJIU-
YeCcTBa OTHEIIEMOTO IOMcaxapuaa OMUCAH B MATCHTE
[17]. ABTOpBHI MPEMTIOKMIN TIO 3aBEPIICHHUIO (epMEH-
TalUU CHIDKATh TEMIeparypy 10 KOMHATHOH W BBIIEp-
JKMBaTh B TAKUX YCJOBHUSIX KYJIBTYPaJbHYIO YKHUAKOCTb.
Iloka3zaHo, 4TO KOJMYECTBO CHUHTE3UpoBaHHOrO [IPD
yepes 12 4 kynapTHBUpOBaHus cocTaBsuio 330 MKr/mi, a
BEIICP)KUBAHHE ITPH KOMHATHOM TeMITEpaType HECKOIBKO
4yacoB nocie 16 4 KyJIbTHBHPOBAHMS MTO3BOJISUIO YBEIH-
YUTh ypoBeHb aHTHreHa 10 480 mMxr/mit. MicenenoBarenu
oOpalaloT BHUMaHHE Ha HEOOXOIMMOCTh Hadajia OX-
JIK/ICHHS B OTIPEJICIICHHOE BPEMsI: paHbIIIEe — BO3MOYKHBI
MIOTEPH IO TOJINCAXAPH/TY, TTO3KE — MOXKET ITPOUCXOAUTD
JIM3KC KIIETOK W IOTIOHUTEbHAS KoHTaMuHanms [17].

HccrnenoBarenn Takke OTMEYAIOT, YTO WHTCHCU(H-
Kalus OMOCHHTE3a IEJICBOTO TPOAYKTa BO3MOXKHA Kak
HEIIOCPE/ICTBEHHO 3a CYET YBEIWYEHHs YPOBHsS OHO-
Macchl (HanpuMep, P BHECCHHH MCTOYHUKOB YIICBO-
JIOB WJIM YBEJMUYCHUS adpalliK), TaK U [PU yBEIHMICHUH
OMOCHHTETHYECKON CIIOCOOHOCTH mTamMMa. Hampumep,
Oyhepusanus nUTAaTEIBHON Cpeasl MPUBOAMIA K YUIH-
HEHHIO CTAllMOHAPHOTO POCTa MPOIYLEHTA C MOCIeIy-
IOLIMM yBEJIMYEHHEM KOJIMYECTBA CHHTE3MPOBAHHOIO
[TP® [16].

VYdeHsle Takke M3yJYalu BIUSHHUE TPEAIICCTBEHHH-
KOB OMOCHHTE3a Ha 00pa30oBaHME KaIlCYITHHOTO TOJHCa-
xapuna mpu pocte H. influenzae tunm b Ha cpene, conep-
Kaled TUApOSU3aT Ka3enHa W JPOXOIKEBOM DKCTPAKT.
[Noka3zaHo, 4T0 MaKCUMaNbHbIH ypoBeHb [IPD (63-65 Mkr
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nento3bl [TP®/mi) wabmronamu npu mobasiennn 0,1%
pu6o3er win 0,5% niroko3bl, TOraa Kak Oe3 mpeniie-
CTBCHHHUKOB OH ObUI B 6,3-6,5 pa3za Hmxke. HTEepecHO,
4yT0 noOaBlIeHUE PHOUTONIA HE BIMAIO Ha OHMOCHHTE3
LIENEBOr0 MPOAYKTa. ABTOPBI OOBSCHSIOT JAHHOE $IB-
JIeHHE TpoOJIeMaMy TPAHCIIOPTa U aKTUBALUK JTAHHOTO
C.-criupra B kietke [16].

B 60-70-x romax XX cToNeTHs] yUSHBIMU CTalM aK-
THUBHO MPEJIArarhCsi CHHTETUYECKUE CPEbl JJIsl KYJib-
tuBupoBanust mrammoB H. influenzae. Tlepsoie cunTe-
THYECKUE U TIONYCHHTETUYCCKUE MUTATEIbHbBIC CPEJIb,
HCIIONIb3yeMble JUIS BbIACICHHUS M HOIACPIKAHUSI POCTa
H. influenzae, umenu odeHb CIOKHBINA, MHOTOKOMIIO-
HCHTHBIH COCTaB, BKIJIFOYas MHOKECTBO aAMHUHOKHCIIOT,
BUTAMUHOB, (h)aKTOPBI POCTA, HEOpraHudeckue conu. Ha-
npumep, cpena Herriott [18] comepsxana 30 komrmoHeH-
ToB. B nmpyroii pabore [19] nmpeanokeHa CHHTETHYECCKAS
MUTaTeNIbHAS Cpelia, cocTosmas u3 29 KOMIIOHCHTOB.

B Toe BpeMsi IPOBOANIIHCH SKCIIEPUMEHTBHI 110 YIIPO-
mienuio ee cocrasa. Tak, Klein R.D. ¢ coasr. Obu10 mpes-
JIOKeHo JiBe Moaudukaiwu cpespl Herriott u konudecTBo
KOMIIOHEHTOB yike CHIDKeHO 10 13—14 mozummii [20].

YuutsiBas MeTaboIaecKre 0COOCHHOCTH
H. influenzae tun b, eme B 80-x rogax mpomworo cro-
JIETUSI WCCIEOBATEId CTAlM YAEIATh 3HAYMTEIHLHOE
BHUMaHUE BIUsHUIO reMuna (hakrop X) 1 HUKOTHHAMU-
naneaunanaykiaeoruna (HAJ, dpakrop V) Ha pocT Kyiib-
TYpBI, a B JajbHeleM i Ha 6nocuuTes [TPO [21].

OTHOCHUTENTPHO HCCIICIOBaHUM, MPOBOAMMBIX Ha
CEeTOMHSANIHUNA JIeHb, CPEIH HUX MOKHO BBIJICIUTH He-
CKOJIBKO HAIPABJICHHI: TIOUCK HauOOJIee MPOIYKTHBHBIX
[ITAMMOB, MMOJ00P ONTUMABHBIX YCIOBUN KYJIBTUBHPO-
BaHU, a Takxke u3ydeHne omocuntesa [IPD Ha anprep-
HATHBHBIX cperax 0e3 KOMIOHEHTOB KHBOTHOTO TIPOHC-
XOXKJICHHS.

B crarbe [22] onmcano usydenue d6uocuntesa [1PD
mateio mrammamu H. influenzae tumn b, uzonuposanus-
MU OT OOJBHBIX JIeTell ¥ ycIoBHO HazBaHHbIMU H. inf. 1,
H. inf. 2, H. inf. 3, ATF1 (ATCC 35540) u ATF2 (ATCC
10210). TTokazano, uto MakcuManbHbIi cuaTe3 [TPD (192
MKT/MIT) U KoHIeHTpanus knetok (3,3:10UKOE/Min) cpe-
JIM U3yYCHHBIX IITAMMOB ObLIH XapaKTepHbI ISl [IITaMMa
ATF2 ipu pocte Ha GC OynboHe ¢ (akTopaMu pocTa.

[Moxoxue uccneqoBaHus ObLITH MPOBEACHBI IS APY-
rux cemu mrTammoB [23]. M3yuanu mramMMmbl, BBIICICH-
ubie oT 6ompHbBIX Aeteit (Hib(1), Hib(2), Hib(3), Hib(4b),
Hib(7b)), a Taxke mramMMbl U3 aMepHKaHCKO#l KOJICK-
uuu ATCC 35540 (Hib(5s)) u ATCC 10210 (Hib(6s)).
WHTepecHO, YTO B JIAHHOM Cllydae MaKCHUMasbHasi KOH-
LEHTPAIHSI KIETOK HAOMIIOIalIach JUIsl YeThIPEX IITaMMOB
Ha cpejie cepaeuno-mosrosoro Oynsona (BHI) ¢ nob6as-
Kamu (paktopoB pocta u cocrasisiua 10 KOE/Mi. [Tpu
9TOM HAWOOIbIIAs KOHLCHTPALHUsS CHHTE3UPOBAHHOTO
moncaxapuna Obuia xapakrepHa it mramma ATCC
35540 (Hib(5s)) u cocrasisna 321 mxr/mi [23].

PaznuuHble COCOOBI KYJIBTUBHUPOBAHUS TAKKE MO-
T'YT BIMATH HA BBIXOJ KallCyITbHOTO Monucaxapuia. Tak,
Opazuibckue ydensie [24] uccienoBain 0COOEHHOCTH
pocra u cunreza [IP® mrammom GB 3291 npu nepu-
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OZIMYCCKOM (epMeHTanK B TeueHue 24 u (Bapuant 1),
npu hepMeHTAIMH ¢ MOAMUTKOI mtoko30it (5 r/m) Ha
9 4 (BapuaHT 2) U npu HepMEHTAIMH C 3aMCHOM IMHTa-
TeNbHOU cpenbl yepes 12 4 KynbTUBHPOBaHHs (BapHaHT
3). Iloka3zaHo, 4TO NpH KCIOJIb30BaHMU BapraHTa 1 KOH-
nienTpanust [TPO cocrarmsuta 140 Mxr/miT, a HAKOTUTCHHE
LIEJICBOTO0 MPOAYKTA OBLIO CONPSIKEHO C POCTOM KYJib-
Typsl. KylIsTHBHpOBaHHE C MOANUTKON HE MO3BOJIMIO
YBEIMYHUTH KOHIICHTPALMIO 1I€JI€BOTO MPOJIYKTA B CBSI3H
C TEeM, YTO JOTOJHUTEIFHO BHECEHHAs DIIFOKO3a INpaK-
TUYECKH He TOTpedsuiack KyiapTypoit. Mcmons3oBanne
TPEThEro crocoda KyJIsTHBUPOBAHUS ITO3BOIMIIO YBEIIH-
YUTh TPOMYKTUBHOCTE 110 87 Mr [TP®/r 6uomaccel mpu
BTOpOH (hepMEeHTAIMU TIOCIJIE 3aMEHBI ITUTATEIBHON cpe-
JIbl, TOTJIa KaK MU [EPBOM BapHaHTE KyIGTHBUPOBAHHS
oHa coctasisuia 67 mr [TP®/r 6uomaccel. OTMETHM, YTO
caMa KOHLIGHTpALMs [TOJIUCcCaxapuia MPaKTHIEeCKH HE OT-
JIMYajgach B 3aBHCUMOCTH OT BBIOPaHHOTO criocoda (ep-
MeHTanuu (oTHOCHTEbHAs Bapuanus 0-17%) u Obuia
Ha ypoBHe 132-155 wmkr/mi. Hcmone3yst moaxombl K
MaTeMaTHYecKOMy OIMCAHHIO Mpolecca (pepMeHTAaLHH,
npeuiokeHHbie Koro-Acait u Jlyeneken-IIupert, aBTopbt
TIOATBEPAMIN CBOE IPEANOJIOKCHUE, YTO HAKOIUICHUE
L[EJICBOTO MTPOYKTa HANPSIMYIO CBSI3aHO C HAKOIICHUEM
Ouomaccer [24].

WHTepecHbIMH SBISIOTCS JAbHEHIINE HCCIIeI0Ba-
HUS JIJAHHBIX YYCHBIX, KOTOPbIE YCTAaHOBIIIN CIIEAYIOIINE
3akoHOMepHOCTH cuHTe3a [IPD mrrammom H. influenzae
tut b GB 3291 u cMomM B 3HAYMTENBHOW CTEIICHH
YBEJIIMYUTh €ro MpOnyKTUBHOCTH [25]. Ha OumocuuTe3
ToJIMcaxapy/ia OKa3blBaeT 3HAUUTEIBHOE BIMSHHUE PEry-
msaust pH: nmonnep:kanue pH Ha HelTpanbHOM ypOBHE
(7,240,2) mosBossieT yBennuuth Bxon [1P®. Tak, ¢ pe-
rymsmuei pH 1 BEIXOIOM Ha CTallMOHApHYIO ¢a3y pocTta
CHUHTE3 aHTUTeHA MPOJOJKAJICS U YBEJINYMBAJICS, B OT-
JM4Me oT BapuaHTa 0e3 peryisiuuu pH, roe yBennuenue
KOJIMYECTBA aHTHIeHA HAOJNIONAIM TOJBKO B SKCIOHEH-
uanbHO# (ase pocta. [lomnuTky B Bue DIIOK03b! (Ipu
peryasiinn pH) KiIeTkr OBICTPO KaTaboIM3UPOBAIH C
OJTHOBPEMEHHBIM CHHTE30M OHOMacchl U aHTUreHa. [Ipu
BBIXOJIE KYJIBTYpBI Ha CTal[HOHApHYIO (ha3y pocra rnorpe-
GJ1eHNEe ITIOKO3BI 3aMe/ISUIOCh, HO CHHTE3 ITOJIHCaxapH-
Jla aKTHBHO TIponosnKaicst. [Ipu 5ToM rmociie JoCTHKeHUS
cTaronapHoii ¢assr pocra (10 9) moanmHUTKa HAIPAMYTO
KOHBEPTHPOBaIach B Mojucaxapuia (IIpu yCIOBHH pe-
rymsiimi pH). Kpome Toro, GbuTo TMOKasaHo, 4YTO TPH
Hacbienun kuciopoaom 30% c xouTposem pH konu-
YEeCTBO CHHTE3MPOBAHHOTO MOJMcCaxapHujia COCTaBIISIIO
943,3 mxr/mit, uto 066110 Ha 124 % BIIIIe IO CPABHEHHIO
C TPaJHMIMOHHBIM CHHTE30M IIPH HEU3MEHHOH adpauuu
(420,8 mxr/min). Iognepskanue nmapuaaIbHOTO JABICHUS
u pH Ha ompeneneHHOM ypOBHE NPUBOAWIO K YUTHHE-
HUIO HKCIIOHEHIMAIIBHOM M cTannoHapHOH (a3 pocra u
COOTBETCTBCHHO K yBeNWYCHUIO 0Opa3oBanus [IPD. As-
TOPBI IPEATIONATAOT, YTO peryisiius pH n noxnepxanue
a’palMy Ha ONPEIEICHHOM YPOBHE TaKKe MOJIOKUTEIIb-
HO BIIMSIET Ha DKCIIPECCHIO TeHOB, OTBEYAIOIINX 32 CHH-
Te3 KarcylIbHOro nonucaxapua [25].

CoBpeMeHHbIE MHPOBBIC TEHJCHIMH TPEOYyIOT OT

OMOTEXHOIOTOB Pa3pabOTKH HOBBIX TMOAXOIOB K TOMI-
0opy MUTATENBHOM Cpebl A KyJbTHBHPOBAHHUS MPO-
JIYLEHTOB, OCOOCHHO TeX, KOTOpbIe ISl CBOCH HKU3-
HEJICATEIBHOCTH TPEOYIOT KOMIIOHEHTBI JKMBOTHOTO
HNPOUCXOKACHHUS. KTAKHMMHUKPOOPraHU3MaM OTHOCHTCSH
H. influenzae tum b, mmst KyTETHBHPOBAHMS KOTOPOTO Ya-
CTO HCTIOIB3YIOT CPEMIbl C KUBOTHBIMH KOMITOHEHTAMH,
HATpUMEp, CEPACYHO-MO3TOBOI OYIIbOH, IIOKOTATHBIN
arap ¢ KpOBBIO, MEMTOHBI KMBOTHOTO IPOHCXOXKICHUSL.
Kpowme Toro, ¢axropom pocra H. influenzae tum b sigms-
ercsi reM [26, 27], KoTOpbIii B BHIE, HATPUMED, PACTBOPA
TeMHHa XJIOpUAa, 00s3aTeIbHO BHOCAT B NMUTATEJIBHYIO
cpeny. [ToaTomMy Bce yarie y4eHble YACTSIOT BHUMAaHHE
noxdopy anbTepHATUBHBIX MHUTATEIBHBIX CPE HA OCHO-
BE PACTHTEIbHBIX KOMIIOHCHTOB, HAIIPUMED, IEHTOHOB.
Taxk, 60JIBLINHCTBO COBPEMEHHBIX NTATCHTOB, KACAFOLINX-
ca ouocunTesa [IP® H. influenzae tum b, mocesamens:
moxdopy ONMTHMAIBHOTO COCTABa MMEHHO TaKHWX THTa-
TEIBHBIX CPE/I.

B narente [28] npuBoauTcs uHbOpMALUS O KOM-
MOHEHTHOMY COCTaBY ITUTAaTEIBLHON CPelibl, COIepIKaIICH
HEOPTaHWYECKHE COJIH, TIIFOKO3Y, JAPONCKEBON IKCTPAKT,
HEKOTOpble aMUHOKUCIIOTHI, reMuH 1 HA /I, a Taxoke nen-
TOH PaCTUTEIBHOTO MPOUCXOKICHHUS. YCTAHOBICHO, Y4TO
npu BeipanuBanuu mramma H. influenzae tun b CS 68
Ha JTAHHOI MUTAaTeNbHOH cpelie KOJIMYECTBO MOoJHcaxa-
puna, coopannoro ¢ 700 1 KyJIbTypalbHON JKHAKOCTH,
cocrasisuio 70-80 .

B pabore [29] ommcana momuduIpoBaHHAS CoOe-
BO-TICMITOHOBAS CPEa C JPOXKIKEBBIM IKCTPAKTOM U OTI-
TUMHU3UPOBAHHOM KOHIEeHTpamuedl remuna (30 mr/n) u
HAJ (15 wmr/m), ucnonb3oBaHHE KOTOPOW B YCIOBHSX
NPUHYIUTEILHON adpaluyl U KoHTpouis pH npuBoamino k
yBennueHuro cuaresa ITP® no 980 mMkr/mil.

IMomumo mombopa ONTUMATBLHOTO COCTaBa IMHTa-
TENBHOU Cpe/ibl yueHble 0c000e BHUMAHHE YICISIIOT Ce-
JICKIUH ¥ TOJNYYCHHIO BBICOKOAKTUBHBIX MPOAYLCHTOB
[MP®. Tak, B narente [30] aBTOpHI OMNKCANIN reTEPOreH-
uyto nonyssiaio H.influenzae ceporuma b, xotopas co-
JEpKUT MHKAICYIUPOBAHHBIE U HEMHKAIICYITUPOBaHHbBIE
6akrepun. [Tokazano, uro nmocne 18-24 v xynsruBrpoBa-
HHS Ha CEJICKTUBHBIX TBEP/IBIX MUTATENIBHBIX CPEIax pas-
THYaIn Oelble U cepble KOJIOHHH, KOTOPBIE 3HAYUTEIHEHO
OTIMYAJIMCh MO MPOTYKTUBHOCTHU. Tak, Oenble KOJOHUH
cuHTe3upoBaiu B 3-5 pas dosbire [TPD 1o cpaBHEHHIO C
KOJIOHHSIMH CEPOTO IIBETA U UX MPOAYKTHBHOCTH COXpa-
HSTACh HA MPOTSHKEHUHU 4-X reHepanuid. st ceneKkTus-
HOTO BBIJICJICHHS BEICOKOIIPOIYKTHBHBIX OCNBIX KOJOHHUH
ObLJIa IpeUIoKeHa CHHTETHYECKas TBEpAas IUTaTeIbHAs
cpena, copepKallasl paCTUTENbHBIN ENTOH, APOKKEBOU
9KCTPAKT, HEOPTAHUYECKHE COJIH, YIICBOMBI, (HaKTOPHI
pocTa. YueHble MPEANONIOKHUITH, YTO KIETKH, 00pasyo-
mue Oenbie KOJOHUH, COACPKAT KaKk MUHHMYM JIBa JIO-
Kyca, OTBEYAIOLIMX 3a CHHTE3 LieieBoro antureHa [30].

LItamMM ¢ MogoOHBIME I'€HETHYECKUMHU XapaKTepH-
CTHKaMH WCTIOIb30BaIM aBTOPBI Apyroro mareHTta [31].
OHM ¥WCCIEeOBATM HHKANCYIUPOBAHHBINA mTamm  H.
influenzae tun b, coneprxkaruii kKak MUHEMYM JIBE KOIIMU
nokyca (pasmep mexay 17 u 18 k/la) B reneTndyeckom
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KOJIe, KOTOPBIC TPYIIUPYIOT BMECTE TEHBI, OTBEUAOIIHE
32 CHHTE3 M HKCIIPECCHIO IMOJMCAXapUIHON KarlCybl.
Hcnonb30BaHue MPEAIOKEHHON B MATCHTE XMMHYECKOi
Cpebl MO3BOJIMIIO TIOTYYUTh cTaOMIbHBIH mTamm B 20
reHepalusixX. YYeHble MPOBEIN 3HAYUTEIBHYIO paboTy
110 W3YYCHHIO BIUSHUS KOMIIOHCHTHOTO COCTaBa IUTa-
TeJbHOM cpeabl Ha OuocuHTe3 [TPD, a Tarkke Mo mom-
60py KOMIIOHEHTOB HEKHBOTHOTO MPOUCXOXKICHHS ISt
ee cocrapa [31]. [Ipu monbope MUTATENBEHOMH CpPeIbl HC-
CJICIOBATEIM MCKIIIOYaM U3 ee cocTaBa OCNKH, 4YTO, 110
UX MHCHUIO, 3HAYUTEIEHO 00JIer4aeT OYUCTKY LeJIeBOTO
MPOAYKTa M HUCKIIOYAET HUCIIOIb30BAaHHUE ITEHOTaCUTEIs.
YCTaHOBIICHO, YTO [UTS KYJBTUBHPOBAHHS HCCIICIYEMOTO
[ITaMMa B ITUTATebHON Cpefie 0JKeH MPHCYTCTBOBATD
PsLI AaMUHOKHCIIOT, IPH 3TOM ITOKa3aHa BO3MOXKHOCTB pe-
TYJIALIUK OMOCHHTE3a oIcaxapy/a KOHIICHTpalueit ac-
MaparvHOBOM KHCIIOTHI, acraparnta W mryTamuHa [31].
KoHIieHTpaIusi JaHHBIX aMHHOKHCIIOT ObUIa BbIOpaHa
TaKUM 00pa3oM, YTOOBI HATPABUTH METAOONN3M KIICTKH
Ha IMPOU3BOJACTBO KAICYJAbHOTO mMonucaxapuna. Kpome
TOro, B mareHrte [31] onucaHo MONOKUTENEHOE BIHSHHIE
Ha MPOAYKLHIO LEJIEBOro NPOAYKTa Psija BUTAMUHOB B
COCTaBE MUTATEIILHON CPEJIbl.

IIpu 3aMeHe JKUBOTHBIX KOMIIOHEHTOB IIUTaTEIbHOU
Cpenbl Ha anbTepPHATHBHBIC BCTACT BOIMPOC HCTOYHHKA
remuna juist H. influenzae tun b, anst koroporo gaxHbIi
mopUPHH ABIAETCS He3aMEHUMBIM (pakTopoM pocTa. B
marenTe [31] mpemTokeHo 3aMEHUTh TEMUH KUBOTHOTO
MPOUCXOXKICHHS HA THHATPUCBYIO COJb MPOTOMOPPUpPH-
Ha WM CUHTETHYecKuil npotonopdupun IX B KoHIEH-
tpamusix 0,25 u 2,0 mr/.

WHTepecHbIi MOAXOA K YBEIUYCHUIO CHHTE3a OHo-
Macchl WIH IIEJIEBOTO MPOAYKTa MOXKHO HCIIOIB30BaTh,
[PUMEHsISI CMECH CyOCTPaToB /TSl KYJIBTHBHPOBaHuS [32,
33]. IMokasaHo, 4TO MITAMM, ONKUCAHHBIH B mareHTe [31],
CMOCOOCH PACHICIUISITh TIIOKO3Y, (PYKTO3Y, TajakTo3y,
DIULEPUH, KCHIT03y, pubo3y, QyKo3y, CHaJOByH KHCIIO-
TY W JIAKTaT, a TAKKe JUIS ero KyJIbTUBHPOBAHHS MOKHO
HCIIONB30BATh JBa U OoJiee HCTOYHNKA YIIIepo/ia, KaK Ha-
npumep, moko3y (12-16 r/n) u sakrar (0,5-10 /). TTo
HallleMy MHEHHIO, U3y4eHHe JJAHHOTO BOIpoca 1 paboTa
B JIAHHOM HAaIpaBJICHHU MOXKET ObITh NEPCIEKTHBHOM.

Kpome Toro, BayKHbIM IOKa3aTesIeM, BIHAIOIIM Ha
OMOCHHTE3 LIENIEBOr0 MPOIYKTa, SBISCTCS COOTHOIICHUE
yraepo/a3or B nuTarelabHoi cpene [34, 35]. Tak, B ma-
tente [31] momuepkuBaeTCs, YTO COOTHOIIIEHHUE MENTOHA
U IPOXKIKEBOTO IKCTPAKTa TOIKHO OBITH OONiee UITH paB-
HO 1, a comepxanue o6urero azora — 6omnee 0,8 r/i.

B pabote aBroper [36] u3yuyanu BiAHMSHHE KOHIICH-
TPALMU JIEKCTPO3BI U APO}OGKEBOIO SKCTPAKTA HA CHHTE3
ITP® H. influenzae tum b ATCC No. 10211. TIpoBoau-
1 MOAM(HKAIMIO JBYX MUTATENBHBIX CPEI: CPEb, CO-
JieprKalleil B KaueCTBE OCHOBHBIX KOMIOHEHTOB COCBBIi
HENTOH U JpoxokeBoit sxetpakt (MP), a Takxke cpensl, B
COCTaB KOTOPOH BXOJWJI KA3UTOH U JPOXIKEBOM HKCTPAKT
(CY) [37]. Moaubukanus 3aKioyanach B U3MEHEHHH
KOHIICHTPAIIMK JIEKCTPO3bl M IPOXKIKEBOTO IKCTPAKTA
B npenenax 0-10 u 0-7,5 r/n cooTBeTcTBEeHHO. DKCIIe-
PUMEHTBI TI0 TOAOOPY ONTHUMAIBHOW KOHIICHTPALMU
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HCTOYHHUKA YINIEposa M a30Ta MPOBOAMIHN B Koiabax Op-
JieHMerepa, conepxkanux mo 1,0 1 nurareabHOR cpes
COOTBETCTBYIOILIETO BapuaHTa, Ha MIEHKep-uHKyOarope
npu 200 o6/muH, Temneparype 37°C Ha TPOTSHKCHUH
15 4. Ycra"oBiaeHO, YTO MakCcUMaibHBIN cuHaTe3 [IPD
(453-511 mr/i) HaGITFOTAIH TIPY KOHIICHTPAITHH JEKCTPO-
3BI M IPOKIKEBOTO SKCTpakTa 2,5 1 6 1/71 COOTBETCTBEHHO
npu KyasTuBHpoBanuu Ha cpene MP. Tlpu xynsruBmpo-
BaHMU ITaMMa B MomuduiupoBannoii cpege MP ¢ no-
JIOOpaHHOW ONTHMAaJbHON KOHIEHTpaUeH JAPOXIKEBOIO
9KCTpaKTa M TIIFOKO3HI B (hepmeHTepe oobemom 50 1 BBI-
XOJI IoJicaxapuja cocraBui 524 mr/i.

Takum 00pa3om, Npu MoA0OpPE ONTUMAIBHOTO CO-
cTaBa MUTATEIBHOW CPEAbl JUIsl KyJIBTHBUPOBAHUS IIPO-
JyLeHTa 00s13aTeJIbHO HEOOXOMMO YUUTHIBaTh COOTHO-
menne C/N.

OnyOMMKOBaHO HECKOJIBKO PAdOT, TMOCBSIIEHHBIX
ONMTHMHU3AIMH yCinoBuil kyapTuBupoBanus H. influenzae
THI D TPH OMOIIM MATEMATHYECKUX METO/IOB TUIAHHUPO-
Banus [38]. Tak, MHIUICKHE YYCHbIC MOAOUPATH ONTH-
MaJlbHBII COCTAaB MUTATEIBHON Cpelbl Ul MOTyYCHUs
I[MTP® ¢ mpumenenwem tana I[lmakerr-Bypmana [39].
YCTaHOBIICHO, YTO MAaKCHMAJIbHBIH CHHTE3 KallCyJIbHOTO
nonucaxapuaa (183 MKkr/mi) wccaeayeMbIM MITAMMOM
HaOJII0/1a)IN Ha TTOJOOPaHHON Cpe/ie CIIETYIONIETo cocTa-
Ba (r/n): myTamMaTHasi KHCIOTa — 2, IPOXIKEBOI IKCTPAKT
— 15, nuctenn — 0,008, gexcrpoza — 7,5, HAJI — 0,008,
remun — 0,02, NaCl - 4, NH,CI - 0,85, Na,HPO, — 4,5,
KCI-0,11, MgSO, 7H,0 - 0,6.

Jlpyrue aBTOpBI MCHOJIB30BAIN LEHTPAJIbHBIH KOM-
MO3UIIMOHHBIN TUITaH U METOOJIOTHIO ITOBEPXHOCTH OT-
KJIMKa JUIS TOA00pa ONTHMANbHBIA 3HAYCHUH BHEIIHHX
¢bakropoB (Temmeparypa, pH, CKOpOCTh mepeMemnmnBa-
HUS), BIUSIOIINX HA KOJHMYCCTBO OOpasyroreicst ouo-
maccel H. influenzae tum b ATCC 10211 [40]. Ycranos-
JICHO, 9To TIpHu TeMmmeparype 35°C, nepememnBanuu 250
06/mun u pH 8,5 ypoBeHb Cyxoii GHOMACChI COCTABIISI
5471 mr/n.

PesysnbraThl 10 yCOBEPIICHCTBOBAHMIO TEXHOJIO-
run noiydeHus [IP®, a Taxxke ee MacmTabUPOBAHHUIO
mpencTaBaeHsl B padorax [41, 42]. ABTOPBI B MUIIOTHBIX
MaciTabax (2 J1 mUTaTesIbHOW Cpeibl) MOAH(DULUPOBATH
cpely Ha OCHOBE Ka3aMHHOBBIX KHCIIOT U JIPOXIKEBOTO
9KCTPAKTa, H3MEHSSI KOHLICHTPALIMIO [ITIOKO3BI, JIPOKIKe-
BOro skcrpakra, remuaa 1 HA/JI B ee cocrase. Kynprusu-
pOBaHKE Ha Cpejie ¢ ONTUMAJIBHO MOI00PaHHBIM COCTa-
BOM KOMITOHEHTOB TIO3BOJIMJIO YBEJIMUYHUTH BbIXOA [IPD
10 1050 mxr/mut, Toraa Kak mpu MaciiTabHpOBAaHUHU 10
50 m u moxnepxannu pH Ha ypoBHE 7,5 1 mapuuaIbHOTO
nasienust kuciaopona — 30 % monyyeHHast KOHIEHTPAIHsT
nosrcaxapuaa cocrasuia 1160 Mxr/mir.

PoccuiickuMu  ydeHbIMHM IIPEIJIOKEHO HECKOJIBKO
BapHaHTOB MHTATEIBHBIX CPeN Ul KyIbTHBHPOBAHUSI
H. influenzae tun b. Tak, B marenrte, npuHaIKAIIEM
PocToBCKOMY Hay4HO-HCCIIEHIOBATEIILCKOMY HWHCTHTYTY
MHKpOOHoIOrHH 1 apasutonoruu [43], omrcana qocta-
TOYHO IPOCTasi UTAaTeNIbHasl Cpe/ia Ha OCHOBE Ka3zaMu-
HOBBIX KUCIIOT. JI[pyrue aBTOpHI 32 OCHOBY Opalii cpeny
Klein ¢ no6asnenriem HAJl u remuHa (CHHTeTHYECKas
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cperma) W OMONHUTEIBHBIM BHECCHHEM Ka3eHHOBOTO
MEMTOHA U TIIFOKO3bI (MONMyCHHTEeTHYeCKas cpena) [44].
YCTaHOBICHO, YTO NPOAYKTHBHOCTH mTamMma 326 Ha
CHHTETHYECKO# cpene cocranmsiia 90—150 mrr/mit, Torma
Kak Ha noiaycuHTeTndeckoil — 80—-130 mkr/mi. CunreTH-
YECKYIO U MOJTYCHHTETHUCCKYFO TIUTATEIBbHYIO cpeny (Ha
OCHOBE aMHHOIICTITH/A) /IS KyJTbTHBHPOBAHHS IITaM-
Mma 267 (Mech Nel) mcronb3oBanu ¥ aBTOPHI IaT€HTa
[45], mpunamiexamero HayduHo-uccClien0BaTENBCKOMY
HMHCTUTYTY BakLMH U CbIBOPOTOK UM. M.M. MeunukoBa.
B npyrom marente [46] omucaH cocTaB MHTATENBHOM
cpemst st KynsruBuposanus H. influenzae tum b, mpe-
HUMYIIECTBOM KOTOPOH SIBISICTCSI €€ HU3Kas CTOUMOCTb.
B cocraB nurarensHON cpenpl BXOAUT 11 koMIOHEHTOB
(8 r/n: NaCl - 5,8; MgCl, - 0,2; CaCl,-0,022; KH,PO, —
2,720; K,HPO, - 3,480; nmokosa — 5,000; remun - 0,01;
HAJI — 0,004; manTtotenar kambitus — 0,004; tnamun —
0,004 mu; amunonentua — 300 M), a ee MPUTOTOBJIEHHE
BkitoyaeT 8 sranoB. [1oapoOHO OCOOEHHOCTH KyJBTH-
suposanust H. influenzae tun b Ha monycuHTeTHUCCKHX
M CHHTETHYECKHMX CPEelax OMHCAHBI B CTATHAX JAHHOTO
aBTOpCcKOro KoiektuBa [47, 48], a 3aKOHOMEpPHOCTH
CHHTE3a TMoJicaxapyuaa 1 OHOMAcChl Ha 3THX Cpelax B
3aBHCHMOCTH OT KOHIICHTpaIruu (haKTOpoB pocta — B
pa6ore [49]. YcraHOBIEHO, YTO YBEIMUEHHE KOHIIEHTPA-
uuu remuHa 1 HAJ] mpuBOMIIO K YBETHUEHUIO KOJUYe-
CTBa OHOMACCHI, OTHAKO KOJMYECTBO CHHTE3UPOBAHHOTO
[IP® cHmxanocs.

B Tabnure 1 060011eHbI JaHHBIE 110 YCIOBUSAM KYITb-
THUBHUPOBaHMs pasnuunbix mrammos H. influenzae tum b

1 TIpe/ICTaBJIEHB KONWYECTBEHHBIE ITOKa3aTeIn Mo Omo-
cunresy [1P®.

Kax BuIHO W3 AaHHBIX, TPUBEJACHHBIX B Tabnwmie 1,
s 6uocunTesa [TP® mrammamu H. influenzae tum b
HCTIONB3YIOTCS Pa3IMUHBIC IT0 COCTaBY, B OCHOBHOM IIO-
JyCHHTETHYECKHE NHUTaTeNbHbIe cpensl. B pesymbrare
ONTHMU3AINH WX COCTaBa M MAacCIITaOMpPOBAaHUS TEXHO-
JIOTHYECKOTO 3Tama KyJIbTMBUPOBAHUS Ha (pepMeHTarm-
OHHOE 000pyI0BaHME MTOKa3zaTeny cuaTe3a [IPD nis He-
KOTOPBIX IMTaMMOB ObuTH yBenuueHsl 10 1000 mkr/mit.
OTMeTHM, 4TO B OTEYECTBEHHBIX JOCTYIHBIX HAM UCTOY-
HUKaX JUTEePaTypsl MaKCUMaJIbHbIC OKa3aTeIn CHHTE3a
ITP® cocramsior 130-150 Mxr/mot.

3akiioueHue. AHaMM3 JUTEPATypHBIX JaHHBIX I10-
KazaJ, 4To MoAOOp ONTHMAIBHOTO COCTaBa MUTATEFHOM
cpenbl (KOHIIEHTpaIWsl yIepoaa, a3ota (WX COOTHOIIe-
HEE), PAKTOPOB POCTA) M CAMHX YCIIOBHI KYJIBTHBHPOBA-
HUst (HEOOXOIMMOCTE BHECEHHSI OAMUTKH, pH) mo3BossieT
JOCTHYh MAKCUMAIBHOTO OMOCHHTE3a KaICYABHOTO MONH-
caxapuaa nomupudoswipuouTondocdara H. influenzae
T b U cokpartuTh BpeMs KYIBTHBHPOBAHHUS KaK TEXHO-
Joruueckoro dtama mnpousBoacTBa [IPD. Kpome Toro,
00s13aTeTPHO  HEOOXOAMMO YYHUTHIBATH SKOHOMHYECKYIO
COCTABIISIONIYIO TEXHOJOTWYECKOro Tmporiecca. Pesyms-
TaThl JIAHHOW PabOThl OyAyT YUHTHIBATHCS TIPH TPOBEIC-
HUH 3KCTIEPUMEHTANBHBIX padoT MO Mog0opy MHUTaTeNb-
HOW Cpenpl W YCIOBHH KyIbTHBHPOBAaHHUS MmTamMma H.
influenzae v b B-7884 kak npu pa3paboTke TEXHOIOTHH
B J1a0OpaTOPHBIX YCIOBUSAX, TaK U TIPH €€ MacITabupoBa-
HUH TIPU OTBITHO-MPOMBIIUICHHOM TIPOU3BOJICTBE.

Taonuya 1 — Cunmes IP® ¢ 3asucumocmu om yciosuii Kynomueuposanus wmammos H. influenzae mun b

Hponyi- Ccpur-
IITamm [TurarenbHas cpena Crnioco0 KyJ6THBUPOBAHUSL | THBHOCTB, <a
MK/ M
Mad CepredaHo-M03roBoii OyIs0H He yxasaHo 726 [16]
U TPUIITHKA30-COEBasi OCHOBHAS Cpe/ia
Coesbiii ieniton — 10,0 1, quanu3ar apoxikeBoro Ba%EEZ;HTg pe obbemom 13 JE’
skcrpakra - 5,0 1, K,HPO, - 2,51, Na,HPO, - | P e THTaTeILHON
13,1 1, NaH_PO, — 3,3 1, mmroxo3a — 5,0 r, remun Cpezbl — 7,4 1, CKOPOCTS rie-
GB 3291 — 2 —4 ST . pemernuBanus — 100-600 06/ 155,0 [24]
xmopua — 10,0 mr, HAJT — 10,0 wmr, o
MmuH, 37°C, CKOPOCTh MOIAYU
JUCTUILTUpOBaHHas Boja — 10 1 1. [lonnepixanue
BO3ayxa — 2 n/muH. Peryns-
pH Ha yposne 7,5 npu nomomu 5,0 1 NaOH
uust pH He npoBoguiacey
B depmenTepe o6pemMom
13 71, paboumnii o0ObeM mH-
Coessrit ienitoH — 10,0 1, muanu3at apox:keBoro J;;eg::ﬁ;pfﬁz;;;;
skerpakta — 5,0 1, K.HPO, — 2,51, Na HPO, — p p i
2 4 2 4 —100-600 06/muH, 37°C,
13,1, NaH_PO, — 3,3 1, mmroko3a — 5,0 1, remun
GB 3291 2 T4 CKOPOCTB TI0J[au¥ BO3yXa — 943,3 [25]
xmopuna — 30,0 mr, HAT — 15,0 mr, auctummmpo-
0,25 o6bema Bo3myxa/o0beM
BaHHas Boga — 10 1 n1. [Togneprxanue pH Ha ypoB- TATENLHON COOLL B Ml
He 7,2 npu nomomu 5,0 M NaOH pei '
HACBIICHHOCTh BO3/yXOM Ha
ypoBHe 30%, monnep:kanue
pH na ypoBHe 7,2
ATCC Cepreuno-M03roBoii OyiboH ¢ qobaBkamu 1% | B konbax Ha kavaiike B Teue-
35540 | pactBopa remorio6uHa u 1% pactBopa Isovitalex | vue 24 4 npu 37°C B mpucyt- | 321,0 [23]
(Hib(55)) | (comepsxut HAJI, BATaMHHBI 1 MHKPOSJICMECHTHI) crBue 5-10% CO,
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IIpooonsicenue mabauywvr 1

Iramm

[MuratenbHas cpena

Crnoco0 KyJbTHBHPOBAHUS

IIponyxk-
TUBHOCTD,
MKI/MI

Ccpui-
Ka

ATF2
(ATCC
10210)

[TaHKpeaTHdecKuii THAPOIN3AT KazenHa — 7,5 T,
MENITHYECKUH TIepeBap )KUBOTHOW TKaHW — 7,5 T,
KyKypy3Hblii kpaxman — 1,0 r, KHPO, - 4,0,
KH,PO,-1,0r, NaCl - 5,0 1, rmoxo3a— 5,0,
Bo/a — J10 1 J1, TOTIOJHHUTEIBHO JO0OABICHBI TEMUH —
10 mr/mot m IsovitaleX, comepaxarmii 0,01/mn HAJT

B koy10ax Ha Kavayke B Teue-
nue 24 4 pu 37°C B npucyt-
creue 5-10 % CO,, pH 7,5

192,0

[22]

Mad

Kazamunossie kuciotsl — 1 %, quanusar apoxoke-
Boro skctpakta — 0,5 %, NaCl u narpuii-pocdar-
HBIH Oydep cornmacHo npormcu. J{o6aBku B BUE
MTOATOTOBJICHHOH JIOIIAIMHON KPOBH B KOJIHYE-
cre 1/1000 u 11l HAJI B konuuectBe 1 MKr/mi

He ykazano

133,0
(o menro-
3e [1PD)

[16]

He yxa-
3aHO

I'myramunoBas kuciora — 2,0 r, ApOXkIKEBOI IKCT-
pakt — 15,0 1, ucrenn — 0,008 r, nexCrpo3a —
7,51, HAJI — 0,008 1, remun — 0,02 1, NaCl -
4,0, NH,ClI-0,851, Na,HPO, - 4,51, KCI -
0,11, MgSO, 7H,0-0,6 1, Boma— 0 1 11

depmenTtep 00beMoM 6 1

180,0-
183,0

[39]

AT760705

L-tmyramuHoBas kuciora — 1,3 1, NazH PO 4-2H20
-2,51, KCI-0,091, NaCl - 6,0, NH,Cl - 1,25
1, ApoxokeBoit akeTpakT — 10 1, uerenn — 0,015 1,
MgSO4-7HZO — 0,6 1, mexctposza — 5,0 1, remuH —
0,005, HAJT-0,002 1, BOma — o 1 1t

®depmenTep padounm oobe-
MoM 40 11, CKOpOCTh a3panuu
— 5 1/MuH, HACBIIIEHHOCTh
BO31yx0oM Ha ypoBHe 30%,
CKOPOCTbH ITePEMECIITHBAHUS —
300-700 o6/muH, pH 7,0

480,0

[17]

T'erepo-
reHHast
OIS
st
(orOu-
paiu
MPOIYK-
THUBHBIC
Gembre
KOJIOHUH)

3-HAJT - 5,0 mr, nporonopdupus IX — 1,0 mr,
mroko3a — 20,0 1, aposokeBoit sxcTpakT — 5,0 T,
rOpOXOBBIii enToH — 7,42 1, nakrar Harpus B 60%
BOZHOM pactBope — 1,49 mu1, nucTuH —

0,07 r, rpunrodan — 0,02 r, Na,HPO,-12H,0 -
31,14 r, NaH,PO,-2H,0 - 2,03 r, MgSO,-7H,0 -
0,4r, CaCl,-2H,0-0,02r, (NH,),SO, - 1T,
Boma—mo 1

®Depmentep oobeMoM 1 i1, mpu
(37+1) °C, nepemernmpanue,

nasnenue 0,1 6ap, pO, — 30%,
CKOPOCTb TI0/[auH BO3AyXa —
0,25 o6pema Bo3myxa/oobemM
MUTATEIBHON CPEBl B MUH

719,0-
904,0

[30]

ATCC10211

Kazamunossle kucnotsl — 10,0 r/i1, quanuszar
JPOOKEBOTO IKCTpakTa — 2,5 /11, TroKo3a —
6,0 /1, 0,1 M uarpwuit hocdarusiii Oydep,
pH 7,6. lononauTensHo Ha 1 1 nmutarenbHON
cpeanl Baocwn 0,015 r HAJ u 0,03 r remuna

B xos6ax (00beM KyIbTypalib-
HOH RUAKOCTH — 2 1), IpH
36,5 °C, 250 06/muH, ¢ moxa-
MUTKOW PacTBOPOM TITFOKO3bI
U IPOXOKEBOTO IKCTPAKTa

1050,0

B ¢depmenTepe oobemom 50
1, ipu temreparype 36,5°C;
CKOPOCTB ITOAaYH BO3TyXa
- 0,6-0,8 o6wema Bo3IyXa/
00bEM MHUTATETHHOMN CPeIIBI
B MHUH, IIepEeMEIIUBaHHE —
400-900 o6/muH, pH — 7,3,
HACBIIICHHOCTH BO3IyXOM Ha
yposae 30 %, ¢ moAnuTKoM
PacTBOPOM IIIIOKO3BI U JPOXK-
JKEBOTO DKCTPAKTA

1160,0

[42]

Cpena, coneprkarias NaZHPO n NaHZPO y
K,HPO,, HAJI, remuH, coesblil IIeNToH,
JPOXOKEBOM KCTpakT — 2,5 r/i1, nekcrposa — 6 r/n

B kon6ax (006beM KynbTy-
paspHO# xuaKocTH — 1 1),
npu 37°C, 200 06/Mun

453,0-
511,0

B depmenTtepe oobemom 50 1

524,0

[36]
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[Ipomyxk-
Cchut-
Itamm [MuraresnbHas cpeaa Crioco0 KyJbTHBUPOBAHUSL | THBHOCTb, @
MK/ M
60 % mnakrar Harpust — 1,5 mu/i, K,HPO, -
300 mr/n, KH,PO, - 300 mr/n, MgSO,-7H20 -
368 mr/n, Na,HPO,-12H20 — 28620 mr/,
NaH,PO4-2H,0 - 1870 mr/x, L-aprusus — B depmerepe 1000 11, mpu
87 mr/n, L-amanun — 134 mr/n, L-acnaparus — 5
temmeparype (32+1)°C,
198 mr/n, L-nmu3un — 140 mr/n, L-moyramud —
Karncy- pH (6,7+0,2) (noBenenue
: 220 mr/n, L-ructumun — 78 mr/i, L-tpunrodan 25
BJ;:EEIP'I — 200 mr/n, L-Banun — 115 mr/n, L-n3oneiinun — ' F}:/Ipaf)iizp(:;d H%Tpm{
I 130 mr/n, L-nefiumn — 130 mr/n, L-tuposun — Hoe H)II:ZI/IBa 11/11 H’ap i)BHe
" | 180 wmr/in, L-dpenunananua — 165 mr/n, L-tipctun uep a yp
cozepika- 70% myTeM KacKaJHOTO
i KAk — 61 mr/n, L-actiaparuHoBast KUCJI0Ta — HAMEHEHIS CKODOCTH
t 1065 wmr/in, L-rayramunoBast kuciora — 1471 mr/, P 865,0 [31]
MUHAMYM nepemenmBanus (ot 100 g0
mupuaokcua HCl — 4 mr/n, puGodnasun —
2 xoruu 230 06/MuH), yBeIMYEHHEM
0,2 mr/n, Tmamuna HC — 4 mr/i1, 6uotnn — 4 mr/,
JIOKyca B . aspanuu (ot 70
eneTH- KaJIbIHii manToreHar — 4,5 mr/n, yparu — 0 150 m/am), cKopocTH
qeCKOM 70 mr/n, runokcantun — 20 mr/n, FeSO,x7H,0 — noiOKa 0. o010 ’0 508 -
c o | 25 wrfn, ZnSO,X7H,0 - 20 mrfn, CoClx6H,0 | "0 2@ M0 S NI
A — 1, MnSO,xH,0 = 5 mr/x, CaCl,x2H,0 — P 5
BHOCHJIM [IEHOTACHUTEIb
13 mr/n, koneunoe pH — 7,2+0,1 (4% pactsop Biospumex)
(mosenenwne 10 u pactBopom KOH) p p P
JIONOMHUTENEHO BHOCHIIU: TIIOK03a — 512,8 1/,
pacteop HAJI, nporonopdupun — 0,25 /i,
AMMOHHH THIAPOKCHT — 5 Mit/n
L-mryramuHoBas kucnora — 1,5 r/in, cyabdar
ammonwus — 1,25 r/n, Hatpuii pocdar aBy3ame-
MICHHBINA JBYBOIHBIH (NaZHPO 4><2H20) —11,0 r/x,
Hatpuil pocdar oJHO3aMEIICHHBIH TBYBOIHBII
CS 68 (NaH,PO,x2H,0) - 3,3 r/n, nposokesoit skctpakt | [pu remneparype 37°C, pH 100,0- 28]
— 5 r/n, kanmit xnopun (KCI) — 100,0 mr/n, Ha- | mojepkuBaiu Ha yposae 7,0 115,0
tpuit xopug (NaCl) — 6 r/n, sKCTpakT pacTuTeNb-
noro nernrona — 10 r/i, HAJI — 3,0 mr/i, remun
cunrernueckuil — 5,0 mr/i, mrokosa — 5,0 /1,
L-uucrenn — 100 mr/n
JIpoxoKeBO# SKCTPaKT — 5 /11, Ka3aMHHOBBIE KHC-
JIOTBI — 22,5 T/71, 1ByXOCHOBHBIN (ochar HATpHst B depmenrepe 40 1, JlarHbIe
Eagan — 14,4 t/n, nexcrposa — 5,59 r/n, remun — 16-18 1 He nipuBe- | [50]
20 1, ammonust ruapoxcus (30%) — 0,1534 wmu, JIEHBI
1% HA - 0,6 M
Bynbon kazamunHOBBIX KucaoT — 10,0 r/i, niroko3a
. | JlaHHbIe
B 423 — 5,0 r/n, quanu3aT pOXKIKEBOrO IKCTPAKTA — B armocdepe, HACHIIIEHHON e npuse- | [43]
2,0 /i, remun — 0,001 r/i, HAJ] — 0,008 /11, CO,, B Teuenne 8-10 4 GI})II)I
sutamuH B,, — 0,0005 r/n, pH 7,2-7,4 A
Cpena Klein ¢ pakropamu pocra (remun, HAJT) Pepuentep Mapku “AHKYM’i 90,0~
326 B YCJIOBHSIX [TPUHYIUTEILHON 150,0 [44]
Cpena Klein ¢ pakropamu pocra (remun, HAJT), | aspauun npu 37°C npu mo- 80,0-
ka3enHoBbIU nentod — 20 r/1, nirokosza — 2 v/ CTOSIHHOM I1€pEMEILNBAHUN 130,0
ITpu 37°C Ha mytTene npu
267 200 06/mun. ITocne noctrxke-
(Mech IMonycunTeTnyeckast (Ha OCHOBE AMUHOTICNITHIA) | HUSI KYJIBTYPOH CTallHOHAD- 50,0- [45]
Nol) 1 CHHTETHYCCKasl MTaTeIbHAS Cpeia HOU (a3bl pocTa HHKYOAIHIO 100,0
- MIPOIOJIKAIM B TCUCHHE 6
4acoB
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Introduction. One of the main causes of morbidi-
ty and mortality of young children from pneumonia and
meningitis is bacteria Haemophilus influenzae type b
(Hib) [1-5]. It is believed that the only one effective way
to prevent the infections caused by Hib is vaccination
[6-11].

The composition of the vaccine against the infection
caused by H. influenzae type b includes capsular polysac-
charide polyribosylribitol phosphate (PRP), synthesized
by H. influenzae type b in significant quantities during
the growth on liquid growth mediums [12]. It is known
that one of the most important steps in the production
of vaccines is cultivation of the producer under optimal
conditions, which allows obtaining the maximum yield
of the target product with minimal costs.

Previously the employees of the FSUE “Saint-Pe-
tersburg scientific research institute of vaccines and se-
rums and the enterprise for the production of bacterial
preparations” of FMBA, Russia had isolated a strain
identified as H. influenzae type b. This strain had been
deposited under the registration number B-7884 in the
National collection of pathogenic microorganisms and
cell cultures «<GKMP-Obolensks for the purposes of the
national patent proceeding [13] as a result of which a pat-
ent for the invention was obtained [14]. The conditions
for obtaining of Master and Working cell bank had been
selected as well as the methods for controlling had been
worked out. At the next step, it is planned to select the
optimal component composition of the liquid growth me-
dium, as well as the conditions for cultivation of B-7884
strain to obtain the maximum amount of the capsular
polysaccharide polyribosylribitol phosphate (PRP).

The aim of the investigation is to analyze and sum-
marize the literature data on the cultivation peculiarities
of haemophilus influenzae of b-type strains.

Materials and methods. In the process of selecting
the material for writing a review article, we used the da-
tabases Google Patents, Science Research Portal, Goo-
gle Scholar, ScienceDirect, CiteSeer, Publications, Re-
searchindex, Ingenta, PubMed, KEGG, etc. The search
of articles was conducted by the following keywords:
«Haemophilus influenzae type b», «<PRP», «cultivation»,
«culture mediumy», «fermenter.

Results and discussion. The selection of optimal
conditions for cultivation is primarily associated with
the physiological characteristics of the producer and the
ways of synthesis of the target product.

Considering the fact that polyribosylribitol phos-
phate is a capsular polysaccharide of H. influenzae type
b, the issues associated with its biosynthesis depending
on the growth phase of the producer, release into the
growth medium, the influence of biosynthetic precursors,
the dependence of the formation of the polysaccharide
on the rate of biomass accumulation are especially inter-
esting [15].

Thus, back in the 70s of the previous century it was
found out that the synthesis of PRP in six of the investi-
gated H. influenzae type b strains occurred simultaneous-
ly with the growth of culture and the maximum level of
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accumulation of the target product was observed in the
early stationary growth phase [16].

Capsular polysaccharide is synthesized exogenous-
ly, its release into the fermentation broth occurs a few
hours after the end of biosynthesis. The rate of release
of the polysaccharide in the exponential growth phase is
individual for each strain. The release of PRP into the
fermentation broth occurred spontaneously, but the au-
thors of the work [16] emphasize that it is advisable to
heat or treat the biomass by ultrasound for speeding up
the release of the polysaccharide and increase the amount
of synthesized PRP.

Another interesting approach to increasing the amount
of a detachable polysaccharide is described in the patent
[17]. The authors proposed to lower the temperature to
room temperature after the fermentation and hold the fer-
mentation broth in such conditions. It was shown that the
amount of synthesized PRP was 330 pg/ml after 12 h of
cultivation, and keeping at room temperature for several
hours after 16 h of cultivation allowed to increase the an-
tigen level to 480 pg/ml. The researchers focus their at-
tention on the necessity to start cooling at a certain time:
earlier — losses on polysaccharide are possible, and later
on cell lysis and additional contamination may occur [17].

The researchers also note that the intensification of
the target product biosynthesis is possible either directly
by increasing the level of biomass (for example, by in-
troducing sources of carbohydrates or increasing the aer-
ation) or by increasing the biosynthetic capacity of the
strain. For example, buffering of the growth medium led
to increasing elongation of the producer stationary phase
with a subsequent increase in the amount of synthesized
PRP [16].

The scientists also studied the effect of precursors
of biosynthesis on capsular polysaccharide formation
during H. influenzae type b growth on the medium con-
taining casein digest and yeast extract. It was shown that
the maximum level of PRP (63-65 pg pentose PRP/ml)
was observed with the addition of 0.1% ribose or 0.5%
glucose, whereas without precursors it was 6.3-6.5 times
lower. It is interesting, but adding ribitol did not influ-
ence the target product biosynthesis. The authors explain
this phenomenon by the problems of transport and acti-
vation of this C_-alcohol in the cell [16].

In the 60—70s of the 20th century, the scientists began
to actively propose synthetic medium for the cultivation
of H. influenzae strains. The first synthetic and semi-syn-
thetic growth mediums, used for isolation and keeping
the growth of H. influenzae, had a very complex, mul-
ticomponent composition, including many amino acids,
vitamins, growth factors, inorganic salts. For example,
the Herriott medium [18] contained 30 components. In
another work [19], a synthetic growth medium consisting
of 29 components was proposed.

At the same time, experiments were carried out to
simplify its composition. Thus, R.D. Klein with co-au-
thors proposed two modifications of the Herriott medium
and the number of the components was reduced up to
13-14 positions [20].



Pharmacy & Pharmacology V. 5 N 5, 2017

DOI:10.19163/2307-9266-2017-5-5-422-441

In the 80s of the previous century, taking into ac-
count the metabolic characteristics of H. influenzae type
b, the researchers began to pay considerable attention to
the influence of hemin (factor X) and nicotinamide ade-
nine dinucleotide (NAD, factor V) on the growth of cul-
ture, and further on the biosynthesis of PRP [21].

Concerning the studies conducted today, several ar-
eas can be identified among them: searching for the most
productive strains, selecting optimal conditions for culti-
vation, and studying the PRP biosynthesis in alternative
medium without components of animal origin.

In one of the articles [22] the study of PRP biosyn-
thesis by five strains of H. influenzae type b, isolated
from diseased children and conditionally named H. inf.
1, H. inf. 2, H. inf. 3, ATF1 (ATCC 35540) and ATF2
(ATCC 10210) is described. It was shown that the maxi-
mum PRP synthesis (192 pg/ml) and the cell concentra-
tion (3.3 x 10 CFU/ml) among the studied strains were
characteristic for ATF2 strain during the growth on GC
broth with the growth factors.

Similar studies were conducted for the other seven
strains [23]. The strains isolated from sick children (Hib
(1), Hib (2), Hib (3), Hib (4b), Hib (7b)) and the strains
from the American collection ATCC 35540 (Hib (5s))
and ATCC 10210 (Hib (6s)) were studied.

It is interesting that in this case the maximum cell
concentration (10** CFU/ml) was observed for four
strains on brain-heart infusion medium (BHI) supple-
mented with growth factors. The highest concentration
of the synthesized polysaccharide (321 pg/ml) was char-
acteristic for the strain ATCC 35540 (Hib (5s)) [23].

Different cultivation ways can also influence the
yield of the capsular polysaccharide. Thus, Brazilian sci-
entists [24] studied the features of growth and synthesis
of PRP by strain GB 3291 during periodic fermentation
for 24 h (option 1), during fermentation with feed of glu-
cose (5 g/l) for 9 h (option 2) and during fermentation
with replacing the growth medium after 12 hours of cul-
tivation (option 3). It was shown that while using option
1, the concentration of PRP was 140 pg/ml and the ac-
cumulation of the target product was associated with the
growth of the culture. Cultivation with the feed did not
allow increasing the concentration of the target product
due to the fact that additionally introduced glucose was
practically not consumed by the culture. Using the third
cultivation option allowed increasing the productivity
to 87 mg of PRP/g of biomass in the second fermenta-
tion after replacement of the growth medium, whereas
in the first option of cultivation it was 67 mg of PRP/g
of biomass. It should be noted that the concentration of
the polysaccharide itself did not differ substantially de-
pending on the chosen fermentation way (at the relative
variation of-0-17%) and was at the level of 132-155 pg/ml.
Using the approaches to the mathematical description of
the fermentation process proposed by Kono-Asai and Lu-
edeken-Piret, the authors confirmed their assumption that
the accumulation of the target product is directly related
to the concentration of biomass [24].

The further studies by these scientists who estab-

lished the following patterns of PPP synthesis by the
strain H. influenzae type b GB 3291 and were able to
substantially increase its productivity are also interesting
[25]. The biosynthesis of the polysaccharide is signifi-
cantly influenced by pH regulation: maintaining the pH
at a neutral level (7.2 + 0.2) allows increasing the yield
of PRP. Thus, the synthesis of the antigen continued and
increased with pH regulation and attainment to the sta-
tionary growth phase, in contrast to the variant without
pH regulation, where the increase of antigen amount
was observed only in the exponential growth phase.
The cells rapidly catabolized feed in the form of glucose
(with pH adjustment) with the simultaneous synthesis
of biomass and antigen. When the culture reached the
stationary growth phase, glucose consumption slowed
down, but the synthesis of the polysaccharide was ac-
tively continued. At the same time, after reaching the
stationary growth phase (10 h), the feed was directly
converted into a polysaccharide (under the condition of
pH regulation). In addition, it was shown that the amount
of synthesized polysaccharide was 943.3 ug/ml when
the oxygen saturation was 30% with pH control. The
amount of synthesized polysaccharide was 124% high-
er than the traditional synthesis with unchanged aeration
(420.8 ug/ml). Maintaining the partial pressure and pH
at a certain level led to an elongation of the exponential
and stationary growth phases and, correspondingly, to an
increase of PRP formation. The authors suggest that pH
regulation and the maintenance of aeration at a certain
level also positively influence the expression of genes
which are responsible for the synthesis of the capsular
polysaccharide [25].

Modern world trends require that biotechnologists
should develop new approaches to the selection of a
growth medium for the cultivation of producers, espe-
cially those that require components of animal origin for
their activity. H. influenzae type b also relates to such
microorganisms, for the cultivation of which media with
animal components are often used (e.g. brain-heart in-
fusion medium, chocolate agar with blood, peptones of
the animal origin). In addition, gem is the growth factor
of H. influenzae type b [26, 27], which is necessarily in-
troduced into the growth medium in the form of a solu-
tion of hemin chloride. Therefore, increasingly frequent-
ly scientists pay attention to the selection of alternative
growth medium based on plant components, for example,
peptones. Thus, most of the modern patents relating to
the biosynthesis of PRP of H. influenzae type b are de-
voted to the selection of the optimal composition of such
growth medium.

The information about the component composition
of the growth medium containing inorganic salts, glu-
cose, yeast extract, some amino acids, hemin and NAD,
as well as peptone of plant origin is provided in patent
[28]. It was found out that the amount of polysaccharide
collected from 700 liters of culture liquid was 70-80 g
when a strain H. influenzae type b CS 68 was grown on
this growth medium.

A modified soybean-peptone medium with a yeast
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extract and an optimized concentration of hemin (30 mg/l)
and NAD (15 mg/l) was described in one of the works
[29]. The synthesis of PRP increased up to 980 pg/ml un-
der conditions of forced aeration and pH control.

In addition to screening the optimal composition of
the growth medium, scientists pay special attention to the
selection and receiving of highly active PRP producers.
Thus, in the patent [30] the authors described a hetero-
geneous population of H. influenzae serotype b, which
contains encapsulated and noncapsulated bacteria. It was
shown that white and gray colonies, significantly differ-
ent in productivity, were distinguished after 18-24 h of
cultivation on selective solid nutrient media. Thus, white
colonies synthesized 3-5 times more PRP compared to
gray colonies and their productivity persisted for 4 gen-
erations. A synthetic solid nutrient medium containing
plant peptone, yeast extract, inorganic salts, carbohy-
drates, growth factors, was proposed for the selective
isolation of highly productive white colonies. S The sci-
entists suggested that the cells forming white colonies
contained at least two locuses, which were responsible
for the synthesis of the target antigen [30].

The authors of another patent [31] used a strain with
similar genetic characteristics. They examined the encap-
sulated strain H. influenzae type b, containing at least two
copies of the locus (the size between 17 and 18 kDa) in
the genetic code that group together the genes responsi-
ble for the synthesis and expression of the polysaccha-
ride capsule. Using the chemical medium proposed in
the patent made it possible to obtain a stable strain in
20 generations. The scientists conducted significant work
studying the influence of the constituent composition of
the growth medium on the PRP biosynthesis, as well as
on the selection of components of non-animal origin for
its composition [31]. During the selection of a growth
medium, the researchers excluded proteins from its com-
position, which, in their opinion, greatly facilitates the
purification of the target product and eliminates using of
an antifoam agent. It has been established that a range of
amino acids must be present in the growth medium for
the cultivation of the studding strain, while the possibili-
ty of regulation of the polysaccharide biosynthesis by the
concentration of aspartic acid, asparagine and glutamine
was shown [31]. The concentration of these amino acids
was chosen in such a way as to direct the metabolism of
the cell to the production of the capsular polysaccharide.
In addition, the positive effect of a range of vitamins in
the growth medium on the production of the target prod-
uct is described in patent [31].

During the replacement of animal components in the
growth medium for an alternative, the question arises
of the source of the hemin for H. influenzae type b, for
which this porphyrin is an indispensable growth factor.
The replacement of animal-based hemin on disodium
salt of protoporphyrin or synthetic protoporphyrin IX at
concentrations of 0.25 and 2.0 mg/l is proposed in the
patent [31].

Using mixtures of substrates for cultivation is an in-
teresting approach to increasing the synthesis of biomass
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or the target product [32, 33]. It has been shown that the
strain described in the patent [31] is capable to catabolize
glucose, fructose, galactose, glycerol, xylose, ribose, fu-
cose, sialic acid and lactate, and two or more carbon sourc-
es, such as glucose (12—16 g/l) and lactate (0.5-10 g/l), can
be used for its cultivation. In our opinion, the study of this
issue and work in this direction can be promising.

In addition, an important factor influencing the bio-
synthesis of the target product is the carbon/nitrogen ra-
tio in the growth medium [34, 35]. Thus, it is emphasized
in the patent [31] that the ratio of peptone and yeast ex-
tract should be more or equal to 1, and the content of total
nitrogen — more than 0.8 g/l.

The authors of the work [36] studied the effect of
dextrose and yeast extract concentration on the PRP
synthesis of H. influenzae type b ATCC No. 10211. Two
growth mediums were modified: the medium containing
soy peptone and yeast extract (MP) as the main compo-
nents, as well as the medium containing the casitone and
yeast extract (CY) [37]. The modification consisted of a
variation in the concentration of dextrose and yeast ex-
tract in the range 0-10 and 0-7.5 g/l, respectively. Ex-
periments on the selection of the optimal concentration
of the carbon and nitrogen source were carried out in Er-
lenmeyer flasks containing 1.0 L of the growth medium
of the corresponding variant on a shaker incubator at 200
rpm at 37°C for 15 h. It was found out that the maximum
PRP synthesis (453-511 mg/l) was observed at the con-
centration of dextrose and yeast extract 2.5 and 6 g/I, re-
spectively, during the cultivation on MP medium. When
the strain was cultured on a modified MP medium with a
selected optimal concentration of yeast extract and glu-
cose in a 50 | fermenter, the yield of the polysaccharide
was 524 mg/l. Thus, it is necessary to take into account
the C/N ratio when choosing the optimal composition of
the growth medium for the cultivation of the producer.

The optimization of conditions for cultivation of H.
influenzae type b using mathematical methods of plan-
ning was published in several articles [38]. Thus, Indian
scientists selected the optimal composition of the growth
medium for obtaining PRP using Pluckett-Burman’s plan
[39]. It was found out that the maximum synthesis of the
capsular polysaccharide (183 pg/ml) by the test strain
was observed on a selected medium of the following
composition (g/l): glutamate acid — 2, yeast extract — 15,
cysteine — 0.008, dextrose — 7.5, NAD — 0,008, hemin
- 0.02, NaCl - 4, NH,CI - 0.85, Na,HPO, — 4.5, KCI -
0.11, MgSO, 7H,0 - 0.6. Some other authors used the
central compositional plan and the methodology of the
response surface to select the optimal values of external
factors (temperature, pH, stirring speed) affecting the
amount of generated biomass H. influenzae type b ATCC
10211 [40]. It was found out that at the temperature 35°C,
a stirring 250 rpm and pH 8.5, the level of dry biomass
was 5471 mg/l.

The results of improving the technology of obtain-
ing PRP, as well as its scaling are presented in works
[41, 42]. On a pilot scale (2 | of growth medium) the
authors modified the medium based on casamino acids
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and yeast extract, changing the concentration of glu-
cose, yeast extract, hemin and NAD in its composition.
Cultivation on a medium with an optimally selected
composition of components allowed increasing the
yield of PRP up to 1050 pg/ml, whereas when scaling
to 50 I, maintaining the pH at 7.5 and partial pressure
of oxygen 30%, the resulting polysaccharide concentra-
tion was 1160 pg/ml.

Russian scientists have proposed several variants
of nutrient media for the cultivation of H. influenzae
type b. Thus, in the patent belonging to Rostov Sci-
entific Research Institute of Microbiology and Para-
sitology [43], a fairly simple growth medium based
on casamino acids is described. Other authors took
Klein’s medium with the addition of NAD and he-
min (synthetic medium) and insertion of casein pep-
tone and glucose (semisynthetic medium) as a basis
[44]. It was found out that the productivity of strain
326 on a synthetic and semisynthetic medium was
90-150 pg/ml and 80-130 pg/ml, respectively. Syn-
thetic and semisynthetic growth medium (based on
aminopeptide) for the cultivation of strain 267 (Mech
No. 1) was also used by the authors of the patent [45]
belonging to Mechnikov Research Institute for Vac-
cines and Sera. Another patent [46] describes the
composition of a growth medium for cultivating H.
influenzae type b which advantage is its low cost. The
composition of the growth medium includes 11 com-
ponents (in g/I: NaCl - 5.8; MgCl, - 0.2; CaCl -0.022;
KH,PO, - 2.720; K,HPO, — 3.480; glucose — 5.000;
hemin — 0.01; NAD - 0.004; calcium pantothenate —
0.004; thiamine — 0.004 ml; aminopeptide — 300 ml),
and its preparation includes 8 stages. The details of the
cultivation of H. influenzae type b on semisynthetic
and synthetic medium are described in the articles of
this author’s collective [47, 48], and the regularities in

the synthesis of polysaccharide and biomass in these
media, depending on the concentration of growth fac-
tors, are given in the work [49]. It was found out that
increasing the concentration of hemin and NAD led to
increasing the amount of biomass, but the amount of
synthesized PRP was reduced.

The data on the conditions of cultivation of various
strains of H. influenzae type b and quantifies the PRP
biosynthesis are summarized in the table.

As it is seen from the data given in the table, var-
ious mostly semisynthetic growth media, different in
composition, are used for the PRP biosynthesis by H.
influenzae type b strains. As a result of optimization of
their composition and scaling the technological step of
cultivation for fermentation equipment, the synthesis of
PRP for some strains was increased to 1000 ug/ml. It
should be noted that in the domestic literature sources
available to us, the maximum rate of the PRP synthesis
is 130-150 pg/ml.

Conclusion. Analysis of the literature data has
shown that the selection of the optimum growth me-
dium composition (concentration of carbon, nitrogen
(their ratio), growth factors) and the cultivation con-
ditions themselves (necessity of feed addition, pH) al-
lows achieving the maximum biosynthesis of capsular
polysaccharide polyribosylribitol phosphate of H. in-
fluenzae type b and reducing the time of cultivation as
a technological step of PRP production. In addition, it
is necessary to take into account the economic compo-
nent of the technological process. The results of this
work will be taken into account in carrying out exper-
imental work on the selection of the growth medium
and conditions for cultivation of H. influenzae type b
B-7884 strain both in the development of technology
under laboratory conditions and in its scaling in pilot
production.

Table 1 — PRP synthesis, depending on conditions of cultivation of H. influenzae type b strains

Produc- Refer-
Strain Growth medium Cultivation method tivity, ence
pg/ml
Mad Brain heart infusion and trypticase-soybean Not indicated 72.6 [16]
basic medium
GB 3291 | Soy peptone —10.0 g, yeast extract dialysate — | Ina 13 | fermenter, the working | 155.0 | [24]
5.09, K,HPO,-25¢g, Na,HPO,-13.1¢, volume of the growth medium
NaH,PO, - 3.3 g, glucose — 5.0 g, hemin chlo- is 7.4 1, the stirring speed is
ride — 10.0 mg, NAD - 10.0 mg, distilled water | 100-600 rpm, 37°C, and the air
—upto 1 1. Maintain the pH at 7.5 with 5.0 N | supply rate is 2 I/min. Regulation
NaOH of pH was not carried out
GB 3291 | Soy peptone —10.0 g, yeast extract dialysate — | Ina 13 | fermenter, the working | 943.3 | [25]
509, K,HPO,-25¢,NaHPO,-13.1g, | volume of the growth medium is
NaH,PO, -13.1 g, NaH_PO, — 3.3 g, glucose — | 7.4 1, the stirring speed is 100
5.0 g, hemin chloride — 30.0 mg, NAD — 600 rpm, 37°C, the air supply
15.0 mg, distilled water — up to 1 I. Maintain the | rate is 0.25 air volume/volume of
pH at 7.2 with 5.0 M NaOH the growth medium per minute,
the air saturation at the level
30%, maintaining the pH at 7.2
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Table 1 continued

Produc- Refer-
Strain Growth medium Cultivation method tivity, ence
ug/ml
ATCC Brain heart infusion with additives of 1% solu- In the flasks on shaker for 321.0 | [23]
35540 tion of hemoglobin and 1% solution of Isovita- | 24 hours at 37°C in the presence
(Hib(5s)) | lex (contains NAD, vitamins and microelements) of 5-10% CO,
ATF2 Pancreatic digest of casein — 7.5 g, peptic digest In the flasks on shaker for 192.0 | [22]
(ATCC of animal tissue — 7.5 g, corn starch— 1.0 g, |24 hours at 37 °C in the presence
10210) K,HPO,-4.0 g, KH,PO,-1.0g, NaCl-5.0 g, of 5-10% CO,, pH 7.5
glucose — 5.0 g, water — up to 1 I, further added
hemin — 10 mg/ml and IsovitaleX, containing
0.01/ml of NAD
Mad Casamino acids — 1%, yeast extract dialysate Not indicated 133.0 | [16]
— 0.5%, NaCl and sodium phosphate buffer (on pen-
according to the formulation. Additions in the tose of
form of prepared horse blood in the amount of PRP)
1/1000 and Il NAD in the amount of 1 pg/ml
Not indi- Glutamic acid — 2.0 g, yeast extract — 15.0 g, 6 | fermenter 180.0- | [39]
cated cysteine — 0.008 g, dextrose — 7.5 g, NAD - 183.0
0.008 g, hemin - 0.02 g, NaCl - 4.0 g, NH,CI -
0.85¢9, Na,HPO, - 4.5 g, KCI-0.11 g, MgSO,
7H,O-0.6 g, water—upto 11
A760705 L-glutamic acid - 1.3 g, Na,HPO,-2H,0 - Fermenter with a working 480.0 | [17]
2.59, KCI-0.09 g, NaCl - 6.0 g, NH,CI - volume of 40 I, aeration rate of
1.25 g, yeast extract — 10 g, cysteine — 0.015 g, 5 | per min, air saturation
MgSO,-7H,0 - 0.6 g, dextrose — 5.0 g, hemin — of 30%, stirring speed
0.005 g, NAD - 0.002 g, water —upto 1 1 of 300—700 rpm, pH 7.0
Heteroge- 3-NAD - 5.0 mg, protoporphyrin IX - 1.0 1| fermenter, at (37 £ 1)°C, 719.0- | [30]
neous popu- mg, glucose — 20.0 g, yeast extract — 5.0 g, stirring, pressure 0.1 bar, pO,— | 904.0
lation pea peptone — 7.42 g, sodium lactate in 60% | 30%, speed of air supply — 0.25
(the produc- | aqueous solution — 1.49 ml, cystine — 0.07 g, | volume of air/volume of growth
tive white | tryptophan - 0.02 g, Na,HPO,-12H,0 - 31.14 g, medium per min
colonies | NaH,PO,-2H,0 -2.03 g, MgSO,-7H,0 - 0.4 g,
were select- CaCl,-2H,0-0.02 g, (NH,),SO, -1,
ed) water —upto 11
ATCC10211| Casamino acids — 10.0 g/l, yeast extract dialy- | In flasks (volume of fermenta- | 1050.0 | [42]
sate — 2.5 g/l, glucose — 6.0 g/I, 0.1 M sodium | tion broth — 2 1), at 36.5°C, 250
phosphate buffer, pH 7.6. In addition on 1 1 of | rpm, with a feeding solution of
growth medium was added NAD (0.015 g) glucose and yeast extract
and hemin (0.03 g) In 50 | fermenter, at the tempera- | 1160.0
ture of 36.5°C; the air supply
rate is 0.6-0.8 air volume/volume
of the nutrient medium per min-
ute, stirring is 400-900 rpm, pH
is 7.3, the air saturation is 30%,
with a feeding solution of glu-
cose and yeast extract
The medium containing Na,HPO,, NaH,PO,, In flasks (volume of fermenta- | 453.0- | [36]
K,HPO,, NAD, hemin, soy peptone, yeast ex- tion broth — 1 1), at 37°C, 511.0
tract — 2.5 g/l, dextrose — 6 g/l 200 rpm
In a 50 | fermenter 524.0
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Table 1 continued

Strain

Growth medium

Cultivation method

Produc-
tivity,
ug/ml

Refer-
ence

A capsu-
lar strain
containing
at least 2
copies of
the locus in
the genetic
code

60% sodium lactate — 1.5 ml/I, K. HPO, -
300 mg/l, KH,PO, — 300 mg/l, MgSO,-7H20
- 368 mg/l, Na,HPO,-12H,0 - 28620 mg/,
NaH,PO4-2H,0 - 1870 mg/l, L-arginine —
87 mg/l, L-alanine — 134 mg/l, L-asparagine
—198 mg/l, L-lysine — 140 mg/l, L-glutamine —
220 mg/l, L-histidine — 78 mg/I, L-tryptophan
— 200 mg/l, L-valine — 115 mg/l, L-isoleucine
— 130 mg/l, L-leucine — 130 mg/l, L-tyrosine
— 180 mg/l, L-phenylalanine — 165 mg/l, L-cys-
tine — 61 mg/l, L-aspartic acid — 1065 mg/I,
L-glutamic acid — 1471 mg/l, pyridoxine HCI
— 4 mg/l, riboflavin — 0.2 mg/l, thiamine HCI
— 4 mg/l, biotin — 4 mg/l, calcium pantothenate
— 4.5 mg/l, uracil — 70 mg/l, hypoxanthine —
20 mg/l, FeSO,x7H,0 - 2.5 mg/l, ZnSO,x7H,0
- 20 mg/l, CoCl,x6H,0 - 1 mg/l, MnSO,xH,0
-5 mg/l, CaCl,x2H,0 — 13 mg/l, the final pH is
7.2+0.1 (adjusting with 10 N KOH solution)
Additionally added: glucose — 512.8 g/I, solu-
tion of NAD, protoporphyrin — 0.25 g/l, ammo-
nium hydroxide — 5 ml/|

In a 1000 | fermenter, at the
temperature (32£1)°C, pH
(6.7+0.2) (adjusting 2.5 N sodi-
um hydroxide solution), pO, was
maintained at 70% by cascading
the stirring speed (from 100 up
to 230 rpm), aeration increase
(from 70 to 150 I/min), flow rate
O, from 0 to 500 I/min. As nec-
essary, antifoaming agent (4%
Biospumex solution) was added

865.0

[31]

CS 68

L-glutamic acid — 1.5 g/l, ammonium sulfate —
1.25 g/l, Sodium phosphate dibasic dihydrate
(Na,HPO,x2H,0) - 11.0 g/l, Sodium phosphate
monobasic dihydrate (NaH,PO,x2H,0) -
3.3 g/l, yeast extract — 5 g/l, potassium chloride
(KCI) - 100,0 mg/l, sodium chloride (NaCl) —
6 g/l, vegetable peptone extract — 10 g/l, NAD
— 3,0 mg/l, hemin synthetic — 5,0 mg/l, glucose
—5,0 g/l, L-cysteine — 100 mg/I

At 37°C, the pH was maintained
at7.0

100.0-
115.0

(28]

Eagan

Yeast extract — 5 g/l, casamino acids — 22,5 g/I,
dibasic sodium phosphate — 14.4 g/l, dextrose
—5.59 g/I, hemin — 20 g, ammonium hydroxide
(30%) — 0.1534 ml, 1% NAD - 0.6 ml

In a 40 | fermenter, 1618 h

Data
is not
shown

[50]

B 423

Casamino acids broth — 10.0 g/l, glucose —
5.0 g/l, yeast extract dialysate — 2.0 g/I, hemin
—0.001 g/I, NAD - 0.008 g/l, vitamin B , -
0.0005 g/l, pH 7.2-7.4.

In an atmosphere saturated with
CO,, for 8-10h

Data
is not
shown

[43]

326

The Klein medium with growth factors (hemin,
NAD)

The Klein medium with growth factors (hemin,
NAD), casein peptone — 20 g/, glucose — 2 g/l

Fermenter of brand “Ankum”
under conditions of forced
aeration at 37°C, with constant
stirring

90.0-
150.0

80.0-
130.0

[44]

267 (Mech
Nel)

Semisynthetic (based on aminopeptide) and
synthetic growth medium

At 37°C on a juggler at 200 rpm.
The incubation was continued
for 6 hours after the culture
reached a stationary growth
phase

50.0-
100.0

[45]
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U3YYEHUE PEOJIOTMYECKUX U COPBLLUOHHbIX CBOUCTB
NEKTUHCOAOEPXALWUNX PACTBOPOB
M3 TNCTbEB PABUHHUKA PABUHOJZIMUCTHOTIO

CJI. Aorncuaxmemoesa, JI.I1. Movikoy, HM. Yepeonnas,
H.U. Xapuenko, HA. Tyxoeckas, 3.T. Ozanecan

Ilamueopckuii meduko-papmayeemuyeckuil uncmumym — gunuan @IBOY BO Borel MY Munszopasa Poccuu,
357532, Poccus, . [lamueopck, np. Karmnuna, 11
E-mail: similla503@mail.ru

B nacmoswee epemsa ouenv 8axCHbIM 567151€MCsA NOUCK HOBLIX CHIPHEGIX UCIMOYHUKOS OUOTOSUYECKU AKINUBHBIX
seujecms pacmumenvHo2o npoucxoxcoerus. LLupoxoe pacnpocmpanerue, OMHOCUMENbHAS 1€2KOCHb BbLOENEHUs U
BbICOKAA (PUSUONOSUYECKAS, AKMUBHOCHIb COCNANU NPUBTEKAMETbHbIM NPAKMUYecKoe npumMeHeHue nekmunos. 1103-
MoMy 6 Hacmosiuee epems NPOBOOUNMCsL UHMEHCUBHOE U3YUEHUe CBA3U MENCOY CIMPYKNYPOU U (PUIUKO-XUMUUECKU-
MU CBOUCMBAMU NEKMUHOBBIX NOTUCAXAPUO08, d MAKHCE PACUIUPAIOMCS UCCTe008AHUS NO U3YYEHUIO COPOYUOHHBIX
U KOMAIEKCo0Opasyrowux ceolicme nekmura. Lleavto pabomel 26uUnoce uzyyeHue peoiocutieckux C0UCmse 600OHbIX
PAcmeopos NEKMUHOBbIX GeUecms, NOLYYEeHHbIX U3 Tucmbes psaounnuka psounorucmuoeo (Sorbaria sorbifolia (L.)).
Mamepuanst u memooul. Bvioenenue nonucaxapuoog uz 1ucmves paOUHHUKA PAOUHOTUCIHO20 NPOBOOUIU NO PPAK-
yusim, ucnoawvsys memod H.K. Kouemxosa u M. Sinner. Ha ocnoge dannvix sxkcnepumenma Hamu Oblia npogedeHa
OYeHKa aocopoyUuonHOU cnocobnocmu. M3 OaHHbIX tumepamypul ciedyem, 4mo npoyecc aocopoyuu moxcem Oblmb
onucan ypasuenuem Qpetinonuxa unu Jlenemopa. [pumenumocms KOHKPEMHO20 YPAGHEHUs 3a8UCUM O NPUPOObL
aocopbenma u KonyeHmpayuu adcopomusa. Pezynemamot u oocyscoenue. B xooe pabomsi Ovinu evioeneHvl noau-
caxapuovl U3 IUCMbes PAOUHHUKA PAOUHOTUCIMHO20 U U3YYEHbL UX HEKOMOopble Qu3uKo-xumuieckue ceoticmea. bvina
onpeodenena cpeoHsis MOLEKYIAPHASL MACCA NeKMUHOBbIX gelujecma, komopas cocmaeguna 32923. Uzyueno snuanue pH
cpeobl Ha 8A3KOCMb PACMBOPO8 NEKMUHOBbIX geuecms u yemanosieno, umo npu PH 5,2 nabniooaemca omuemaugo
BbIPANCEHHBILIL MUHUMYM 8A3KOCTU. B makoil cpede Monexynvl nekmuHoBbIX 6eujecms 3NeKMmpoHeUmpaibtbl U Noau-
ANMEKMPONUM HAXOOUMCS 8 UZ0ITEKMPUIECKOM cOCmosaHuuL. Tlonyuennvle OanHble NOKA3BIBAION, YO MAKCUMATbHOE
cesazvisanue uonos P* nexkmunom nucmoes paounnuxa psabunorucmnozo ¢ meuenue 50 munym cocmasnsem 60,0%.
3axnrouenue. Onpedenenue cpeoneli MONEKYIAPHOU MACCHL U UZ0INEKMPUHECKOU MOYKU NO3GONAIOM YCIMAHOBUND
B03MOANCHOCIb HAUOOLEe IPHEKMUBHO20 UCTIONBIOBAHUS PACTNUMENbHO20 CbIpbs. DusuyecKue u mexHon0SUYecKue
CBOTICMBA NEKMUHOBBIX BeUeCTE 3ABUCAN O UX MOAEKVIAPHOU Maccyl. [1o eenuuune nomyueHHbIX u3omepm ciedyem
coenamsp 8b1800, UMO 3A8UCUMOCTIL BETUYUHBL AOCOPOYULL K PABHOBECHOU KOHYEHMPAYUlL UOHO8 CUHYA 6 6onbluell
cmenenu noouuHsemcs ypasneruro Jlenemiopa.

Knrouesvie cnosa: nucmuvs pabuHHUKA pAOUHOTUCHO20, NOTUCAXAPUObL, CDEOHAS MONEKYIAPHAA MACCA, U309EK-
mpuueckas mouka, copoyusi
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THE STUDY OF RHEOLOGICAL AND SORPTION PROPERTIES
OF PECTINESTERASE SOLUTIONS FROM THE LEAVES
OF SORBARIA SORBIFOLIA

S.L. Adjiahmetova, L.P. Myikots, N.M. Chervonnaya, I.1. Harchenko,
N.A. Tuhovskaya, E.T. Oganesyan

Pyatigorsk Medical and Pharmaceutical Institute — branch of Volgograd State
Medical University, 11, Kalinin ave., Pyatigorsk, Russia, 357532
E-mail: similla503@mail.ru

Currently, searching for new sources of raw materials of biologically active substances of plant origin is very
important. Widespread distribution, relatively easy isolation and high physiological activity have made the practical
use of pectins attractive. That is why nowadays an intensive study of the relationship between the structure and phys-
ico-chemical properties of pectin polysaccharides is being carried out, and the studies of the sorption and complex-
ing pectin properties are also being expanded. The aim of the work was to study rheological properties of aqueous
solutions of pectin substances obtained from the leaves of Sorbaria sorbifolia (L.). Materials and methods. Secretion
of polysaccharides from the leaves of Sorbaria sorbifolia was carried out fraction by fraction on the basis of N. K.
Kochetkov and M. Sinner’s method. We evaluated the adsorption capacity basing on the experimental data. From the
literature data it follows that the adsorption process can be described by Freundlich’s or Langmuir’s equation. The
applicability of the particular equation depends on the nature of the adsorbent and the concentration of the adsorbate.
Results and discussion. In the course of the work polysaccharides were isolated from the leaves of Sorbaria sorbifolia
and some of their physico-chemical properties were studied. The average molar mass of pectic substances was deter-
mined as 32923. The influence of the pH medium on the viscosity of solutions of pectin substances was studied and it
was found out that a distinct minimum viscosity is observed at pH 5.2. In such an environment the molecules of pectic
substances are electrically neutral and the polyelectrolyte is in the isoelectric state. The obtained data show that the
maximal binding of Pb?*ions by pectin leaves of Sorbaria sorbifolia within 50 minutes is 60.0%. Conclusion. The de-
termination of the average molar mass and the isoelectric point makes it possible to specify the possibility of the most
effective use of plant raw materials. Physical and technological properties of pectic substances depend on their molar
mass. By the value of the obtained isotherms we should arrive at the conclusion that the dependence of the adsorption
amount on the equilibrium concentration of lead ions is more subject to Langmuir’s equation.

Keywords: leaves of Sorbaria sorbifolia, polysaccharides, average molar mass, isoelectric point, sorption

BBeanenne. B Hacrosiiee BpeMsi O4E€Hb BayKHBIM
SIBISIETCSI TIOMCK HOBBIX CBIPHEBBIX HMCTOYHHKOB OHO-
JIOTHUECKH AaKTHUBHBIX BEIIECTB PACTUTENBHOIO IPO-
HCXOXKJICHUA. B OTIMYME OT CHHTETHYECKHX BEIIECTB
JIEKAPCTBEHHBIC PACTEHUS M TIpEnaparbl Ha UX OCHOBE
0051a/1al0T IMIMPOKUM CHEKTPOM  (hapMaKoIOrn4eckoro
JICHICTBUS B COYETAHUU C OYECHb HU3KOM TOKCUYHOCTBIO

ITeKTHHBI — 3TO BBICOKOMOJIEKYJISIPHBIE COSTUHEHHS
0ecCIIOpHO PAaCTUTENBHOTO MPOUCXOKACHUS, KOTOpPBIC
MIPU3HAHBI a0COJIOTHO HETOKCHYHBIMH M (papMaxoso-
rMYecKH 0e30NacHbIMU OMOJIOTHUECKH aKTHBHBIMHU Be-
mectBaMu. OcobeHHo 3(p(peKTUBHBI TP 3a00TCBaHUIX,
CBSI3aHHBIX C HapPYUICHHUSIMHU JIMITUIHOTO U YTJIEBOIHOTO
00MeHOB. [TeKTHHOBBIE BelllecTBa UCTIONb3YIOTCS IIPH 3a-
OONEBaHUSX JKETYJOUHO-KHIIIEIHOTO TPAKTA, CaXxapHOM
nuadeTe, aTepockKiIepo3e, TeMOGIINN, 3KUBICHHH paH
u oxoros [1 —4].

[TpakTHueckoe MPUMEHEHHE TIEKTUHOB O0YCIIOBICHO
IIAPOKUM PaclpOCTpaHEHWEM, OTHOCHTEIBHOM JIerKo-
CTBIO BBIJIEJICHHS M BBICOKOH (hapMaKoJIOrHyeckoil akTHB-
HOCTBIO. B HacTosImee BpeMs MPOBOAUTCS MHTCHCHBHOE
N3Y4eHHE CBSA3M MEXIY CTPYKTYpOH M (H3HKO-XHMHUIE-
CKHMH CBOMCTBaMH MEKTHHOBBIX IOJIHCaXapHaoB, a Tak-
K€ PACIINPSAIOTCS UCCIISTOBAHUS MO N3YUYEHHIO KOMIUIEK-
€000pa3yroMMX CBOWCTB mekTuHa [5 — 7].

PsaOUHHMK pSIOMHOIUCTHEIA OTHOCHTCS K CEMCHCTBY

Poszorerabie (Rosaceae DC). Urto kacaercs pacmpo-
CTpaHEHUs], TO MOXXHO OTMETHTh CJIEAyIollee, IpeacTa-
BUTEJM JAHHOTO CEMEWCTBa IIUPOKO PACHPOCTPAHEHBI
110 BCEMY 3eMHOMY IIapy, HO HaHOOJBIIINM pa3sHooOpa-
3MeM XapaKTepU3YIOTCS YMEPEHHBIC U CyOTpOITHUECKHUE
rosica 000MX MOJTyIIapHid, B 0OCOOCHHOCTH — YMEPEHHBIH
nosc CeBepHOTO MOTyIIAPHSL.

CeMelCTBO OXBATBIBACT IMUPOKHUI CIIEKTpP JKU3HEH-
HBIX ()OPM paACTEHHH. JMCTONAJHbIC M BEYHO3CIICHBIC
ACPEBLS, JUCTONAAHBIE U BEYHO3CJICHBIC KYCTAPHUKU U
KyCTapHHYKH, MHOTOJIETHHE M OIHOJIETHUE Tpasbl. Jln-
CThbs OYEpEHbBIE, PEAKO — CYMPOTHBHBIC, IIPOCTHIE MIIH
CJIOXKHBIE, OOJIBIIEH YacThIO C IPHIMCTHUKAMH.

B kauecTBe 00beKTa HCCIEOBAHUS OBLIH UCTIONB30-
BaHBI IUCThS PIOMHHUKA PIOMHOINCTHOTO, COOPaHHBIC B
ntone — asrycre 2016 .

Heabio paboTHI SIBUIIOCH U3yUSHHUE PEOJIOTMYECKUX
CBOMCTB BOAHBIX PACTBOPOB NMEKTHHOBBIX BEIIECTB, MO-
JY4YEeHHBIX W3 JHCThEB pSOMHHHMKA PSOWHOIMCTHOTO
(Sorbaria sorbifolia (L.)).

Marepuanbsl 1 MeToAbI. Bbijienenue noavucaxapu-
JIOB W3 JHMCThEB PSOMHHUKA MPOBOIAMIN 1O (PaKIMAM,
ucnons3yst metox H.K. Kouerkosa u M. Sinner: | - BPTIC
(BomopacTtBopuMbIie moucaxapussl), |1 — TIB (mekruno-
Boie BemtectBa), [l — 'y A (remunemmonosa A) u 1V —
I'u b (remunemntonosa B) [1, 8-10] (puc. 1).
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JlucTos
PAOHHHUKA

A

Oo6padoTka xsopoopmom
(o0e3:xupeBanue)

O0e3:xMpEeHHOE ChIPbE

| Boanoe u3Bieuenue |

Ocaxaenue CnupTOM,

JKCTpaKUusl BOAOH OYHIIEHHOT
B TeueHnune 24 yacon

/\.

Hlpor

JKCTpPaKIuUs cMechblo B TedyeHHe 14.
0,5% 1maBeseBoii KUCIOTHI K

LeHTPH(YTrHpOBaHHe 0,5% pacTBopa okcajaTa aMMOHHUS
B odopacm eopumbole
nonucaxapuowvl Kuciaoe n3Biedenne [por
O0padoTka

OcaxieHue CupToM,
HeHTpU(dyrupoBanue

7,5% pacTBOpOM
THAPOKCH/IA HATPHUS

eeuiecmea

Ilekmunoebvie

Ilesi0unoe U3BIEUEHHE

HeiiTpaauzanus,
HeHTPH(YrupoBaHue

T'emuuyenniwonoza A

Hanocamounas :KHaKocTh

JAuanu3, ocaxkaeHue
CIHPTOM,
HeHTPH(yrupoBaHue

TI'emuuennionosza b

Pucynox 1 - Cxema évroenenusn nonucaxapuonbtx KOMNJIEKCo6 U3 jiucmobee pﬂ6unnm<a pﬂ6uu0ﬂucmuozo

C mOMOMIBIO KaIMJUIAPHOTO BUCKo3uMeTpa OCcBalib-
Ja ONpele/sId  CPENHIO  MOJICKYJSIPHYIO — MaccCy
[10-12].

Wsmepsiin Bpems ucteuenus Boxwl (1), pacTBopos
I1B (t), paccyuThIBain OTHOCHTENBHYIO BS3KOCTBH (1) C
y4eToM m1oTHoCTH (p,, p) pacTBopoB (Gopmymna 1):

_ tXp
n= to X po (1)
ITo BenuumHe XapakrepucTHdeckoii Bazkoctu ([n]) u
ypaBHeHMI0O Mapka-KyHa-XayBHHKa paccyuTaiu cpen-
HIOI0 MOJIEKyIIsIpHY0 Maccy (M) (popmyna 2):

[ = KxM* ®)

3HaueHust KOHCTaHT K U o B3SThI M3 JIMTEPATYPHbIX
ucToyHuKoB [1, 2].

Ha 0CHOBE 3KCIIEPHMEHTANIBHBIX JaHHBIX ObLIA OLle-

HeHa afcopOImonHas crocooHocTh [1B nmucTheB psouH-
Huka [12-14].
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Pacuer sKcriepMMEHTaJIbHOW BEJIIMUUHBI aJcOpOLUH
(A) mpoBomuiu o opmyste 3:

X (CO - CpaBH) XV
A=s—=—"",
m m 3)

I7Ie: X — KOJIMYECTBO ajxcopdara, MMOJIb;

M — eMHULIAa MacChl a1COPOCHTA, T;

C, — KOHLEHTpalusi pacTBOpa 10 aacopOoLuu
MMOJIB/TI;

C — KOHIEHTpalHs pacTBOpa IOCIE aIcopOLHH,
MMOJIB/TI;

V — 00BeM pacTBopa, .

PesynpraThl npencrapieHsl B TabuIe 6.

Mo ypaBuenuto Opeitaamnxa u Jlenrmropa [13-16]
MIPOBOJMIIA PacyeT afcopOLMK Ha TIOBEPXHOCTH paszerna
«TBEPIAOC-KUAKOCTHY.

Vpasuenne Opeitamxa (hopmyna 4):

1
A = KCn )
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I[J'I?I OIIPCACIICHUS KOHCTAHT Ku % HCIIOJIB3YHOT JI0-

rapu()MUUECKYIO 3aBUCUMOCTb!

1
InA = InK 4+ HlnC , 5)

rae: A —dKCIepUMEHTaIbHAS BEIMUHHA aJICOPOLINH;
C — paBHOBeCHAs! KOHIICHTPAIMSI, MMOJIB/JI.
BeTMuuHbBI KOHCTAHT HAXOAT 10 rpaduuecKoi 3aBu-

CHUMOCTH In % = f (InAC), 94TO MpEICTABICHO Ha PUCYHKE 5.
VYpasuenue Jlenrmiopa (popmyia 6):

Ao X C
A== (6)

rne: Aoco 1 b — koOHCTaHTHI;

C — xoHIEeHTpAaIHs aacopdara B COCTOSIHUHU aJ1copo-
[IMOHHOTO PABHOBECHS, MMOJIB/JI.

Jlis onpenenennst KoHCTaHT Aco 1 b ymoGuee wc-
0JIb30BaTh JIMHEHHYI0 (hopMy ypaBHeHus (Gopmyia 7):

1 b 1
A Boxc A, )

Jluist onpezienieHuss KOHCTAHT MCIOJIb30BaIN rpadu-
yeckyro 3aBucumocts 1/A = f(1/AC), npeacrasneHnyo
Ha pHUCYyHKe 6.

Pesyabtarnl u o0cy:xkaenue. Ilpu rpaBuMerpuue-
CKOM aHayiu3e ObLJIO YCTaHOBJIECHO, YTO KOJMYECTBEHHO
npeodnanaror BPIIC u I1B. Pesynbrarsl npeacraBieHsl
B Ta0uie 1.

Taonuya 1 — Ilpouenmmnutii 6vixo0 I1B u BPIIC padounnuka paouHoaucmmuozo

Bun ceipbs, hpaxius

JlucTes psOuHHUKA

1B

9,2%

BPIIC

1,0%

CTpyKTypy M CBOHCTBa BBICOKOMOJIEKYJSPHBIX
COCIMHEHUN ONpeAessieT CpeaHsis MOJeKyIsapHas
Macca, KoTopas UMEEeT HENOCPEICTBEHHYIO 3aBUCHU-

MOCTh OT croco0a MOJYYCHUA TaHHOTO OnomnoanumMe-

pa.
Pe3ynbraTel n3MepeHust MpeACTaBICHBI B TAOIHIIE 2.

Tabnuya 2 — Pe3ynomamel usmepenus éa3Kocmu 600HsIx pacmeopos I1B,
HOJIYUEHHBIX U3 PAOUHHUKA PAOUHOIUCHIHOZO0

1B

C,% t, cex /. UM /M Ipumeunanue:
HO 12.35 C — konyenmpayus pacmeopa;

: ' t— epems;
0,05 14,20 115 015 3,00 1 = GASKOCMb OMHOCUMENLHASA,
0,10 16,18 1,31 0,31 3,10 1,,— 6A3K0CY YOeIbHas,
0,20 20,30 1,64 0,64 3,20 1,,~ 6A3KOCMb npuseoenHas
0,40 29,55 2,39 1,39 3,48
0,80 57,35 4,64 3,64 4,55

OtHOCHUTENBHAS BSI3KOCTb, XapaKTEePH3YIOIIAst IPHPOCT
BSI3KOCTH PAcTBOPA MO CPABHEHHIO C BA3KOCTBIO PACTBOPHTE-
JIs1, BO3PAcTaeT C POCTOM KOHLIEHTpary. MoJeKysbl ToJH-
Mepa HaYMHAIOT B3aUMOZICHCTBOBATE MEXKITy COOOH, M KpH-

Bas o0paraeTcs BBITYKIOCTBIO K 0cH abcrmce. Bo3morkHo,
TIPOUCXOMTAT CTPYKTYpHUpPOBaHue cucTeMsl [2, 12, 13].

I'padmueckas 3aBucumocts 1 o1 C mpencrabiena
Ha PUCYHKE 2.

/

]

"

0,5 —

0,05 0,1

0,2 0,4 0,8

C, %

Pucynok 2 — 3asucumocms omuocumenvnoiu éazkocmu () om xonyeumpayuu (C) pacmeopos I1B

omn
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3HaueHNe XapaKTEPUCTHUUECKOH BI3KOCTH, KOTOpas

OTpaXacT TCPMOJAUHAMHUYCCKOE CONPOTUBJICHUE MTOTOKY

MOJICKYJI OHOTONIMMEpa, OMPENCISUIN M0 BEIMYUHE OT-

pe3ka, 0TCEeKaeMOro Ha OCH OPAMHAT, C HCIIOJIb30BAaHUEM
YPaBHCHHSI 3aBUCHMOCTH 1), = f(C) onpenensinu Bemmnyn-
uy [n]. I'paduk 3aBUCHMOCTH H300paKeH HAa PUCYHKE 3.

4,5

/

4 /
3,5 L 4

s L ea—%

2,5

np

1,5

0,5

O T T
0,4

0,6 0,8 1
C, %

Pucynok 3 — 3asucumocms npugedennoll s3Kk0cmu (qnp) om konuyenmpayuu (C)

CpenHIo MOJNEKYISIPHYI0 MacCy PacCUMTBIBAIN C
UCIIONIb30BAaHUEM BEIMYMHBI XapaKTEPHUCTHUECKON BSI3-
KOCTH U ypaBHeHUs1 Mapka-Kyna-Xaysunka. [Ipu pacue-

Te TAHHOTO TIOKA3aTelTs TIPUMEHSITH JINTepaTypHbIE TaH-
HBIE COOTBETCTBYIOINX 3HaueHnit: K = 1,1-10%, a = 1,2
[1]. Pesynerars! mpecTaBieHs! B Tabmuie 3.

Taonuya 3 — Pesynomamut onpeoenenus MoaeKyIapHOil MAaccol

HasBanue cbipbs

XapakTepucTuieckas BI3KOCTh

CpenHsis MONeKysipHast
Macca, r/Mosb

1B

2,9

Jluctes paOuHHNKA

32923

[lexTHHOBBIE BeIECTBA MOXKHO OTHECTH K HMOHHBIM
nonumepam. CTeneHb AUCCOLMAIMU TOJSIPHBIX TPy,
BENTMYMHA 3apsijia cBsi3aHbl ¢ PH cpeibl. MakpoMoeKysibl
PacTBOPHMBIX B BOZIE MOIMAIEKTPOIUTOB JUCCOLIUUPYIOT,
OTILEILLSA B PACTBOP IIPOCTHIC HOHBL, ¥ 00pa3yt0T MHOI03a-
PpAIHBIN MonuMepHbIi noH. Peakuueli cpeas! onpenensercs
HE TOJBKO 3apsi] MOHA, HO U KOH(OpMALHs MOJIEKYl, CBsl-
3aHHAs C U3MEHSIOIUMUCS CBOMCTBAMH MOJIMAIEKTPOINTA.

[TosTOMY, MPEACTABIISIIO HHTEPEC HU3YUUTDH BIMSIHUC
pH cpenbr Ha Ba3kocTh pacTtBopoB I1B. [oToBumumcs Oy-
(epHbIe pacTBOpEI ¢ PH cpensl B naTepBane 3,2-5,7. K
HUM J00aBJIsUTH OIMHAKOBBI 00beM 1% mekTuHCOIep-
JKAIIEro PaCcTBOPA U U3MEPSUIN BPEMs UCTEUEHHSI KU JIKO-
CTH C TIOMOII[LIO BHCKO3UMETpa. Pe3ynbrarsl mpeacras-
JICHBI B Ta0uIIe 4.

Tabnuuya 4 — 3asucumocms epemenu ucmeuenusn u ea3kocmu pacmeopoe om PH cpeovt

No pH t, cex M oin
1 - 12,96 -
2 3,2 15,17 1,171
Ilpumeuanue:
3 3,7 15,10 1,165 7, = 6AZKOCHIb OMHOCUMETBHAS;
4 4,2 15,23 1,175 t—epens
5 4,7 15,02 1,159
6 5,2 14,59 1,126
7 57 14,95 1,154

Ha rpaduueckoii 3aucumoctu M ot pH cpenst
(puc. 4) Bugno, uto npu PH 5,2 HabmomaeTcs oTveT-
JINBO BBIPAKEHHBIM MUHUMYM BSI3KOCTH. B Takoi cpene
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MouieKyiibl [IB ayieKTpOoHEUTpabHbl U NOIUIECKTPOIUT
HAaxXOJIUTCsl B U302JIEKTPUUECKOM cocTossHUU. 1Ipu aTom
MOJICKYJIbI CBEPHYTHI B IUIOTHBIA KITyOOK, KOTOPBIH OKa-
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3BIBAaCT MEHBIIECE COMPOTHUBICHHE TEUYEHHUIO, YeM pac-
MpsIMJICHHAS. MOJIEKyJIa.
ITpu pH Hmxe u Bhiie 5,2, BA3KOCTh YBEJINUNBACT-

cs, Tak kak Mosiekyaa [IB pacnpsimisercs, yBennuuBaeT-
cs ee oobem. [Ipu pH<5,2 mMonekyna 3apspkaercs 1mosuo-
KHUTEIBHO, Ipu PH>5,2 — 3apsiy oTprLaTeNbHBIH.

1,18
. TN
1,16
1,15 \ /
d \ L
1,14 \ /
1,13 \/
1,12
0 1 2 3 4 5 6 7
pH

Pucynox 4 — 3aeucumocmov omnocumensvuoii ¢sskocmu (1, ) 1% pacmeopa IIB om pH cpeovt

W3BECTHO, YTO €CITH MOIUMEP HAXOIUTCS B U303JICK-
TPUYECKOM COCTOSIHUHM, TO MEHSIIOTCSI ero (DU3UKO-XHU-
MHUYECKHE CBOWCTBA. 3IEKTPOMPOBOIMMOCTH, OCMOTHU-
4YecKoe JaBJeHHe, CTENCHb JACHATYPAllMH U HaOyXaHus,
MeXaHW4YeCcKasl MPOYHOCTh CTymHed u ap. [2, 13, 17].
[TosTOMY, YCTaHOBJIEHHE H303JIEKTPUUYECKON TOUKH MO-

JIMBIICKTPOJINTA TIO3BOJIUT BIHATH HAa CBOWMCTBA MEKTHH-
CoZlepKalUX PacTBOPOB.

Wsydanach COpOLMOHHAS CIIOCOOHOCTB MOITYYCHHBIX
TIEKTHHOBBIX BellecTB. B Tabnuie 5 orpaxkeHa 3aBHCUMOCTb
KOHLICHTPALMH HOHOB CBHHIIA OT BPEMEHH B TIpoLiecce copo-
MU TIPU KOHTAKTE C UCCIieiyeMbIM Oromnonimepom [18-20].

Tabnuya 5 — Hzmenenue KonyeHmpayuu UOH06 C6UHUA 8 600HOIL (haze pacmeopos IIB
aucmoves pAOUHHUKA PAOUHOTUCHIHO20

= Ka- Ka- % cBsi3bIBa-
E Obbem, I—CI:I/(I)él %’%21, I—CI:I/(I)él %’%21, }(I)I/I(;I I/I:z)HOal; Kl/C
- M M MMOJIB/JT Pbh2+ METT
0 4,75 98,4 47,5 - -
10 2,4 49,7 24,0 49,5 324,7 Ilpumeuanue:
20 2,2 45,6 22,0 53,7 352,0 t—epems,
30 21 435 21,0 55,8 366,0 K, C — xomnaexcoobpasyiowas cnocobnocmo
40 2,0 41,4 20,0 57,9 380,0
50 1,9 39,4 19,0 60,0 393,3
60 19 39,4 19,0 60,0 393,3

Karnon Meramia v MEKTHH YYacTBYIOT B PEaKIUH
obpas3oBanus coiell — mekraroB MeTamioB. C HCMONb-
30BaHHeM MeTona u3omupoBanus OctBanpaa (Tabm. 6)
YUUTHIBAIA U3MEHEHUE KOHIIEHTPAIMH HOHOB METAJIa C
MUHAMAJILHBIM BIMSHUEM KOHIIEHTPAIMU OHOTIOIMMEPA.

[IpuMeHUTENBHO K ATOMY METOJTY, JaHHAsI PEaKIIUs MPo-
TEKaeT ¢ M30BITOYHBIM KOJHUCCTBOM IOJUIJICKTPOJIHTA,
B JIAHHOM CJTy4yac MEKTUHA, TIPH 3TOM CKOPOCTh COPOIIUHU
MIPOIOPIIMOHAIbHA KOHIIEHTPALUK HOHA METaJlIa, B35TO-
T'O B HEJIOCTATKe.

Taonuya 6 — Pezynomamot IKCREPUMEHMATILHOZ0 HAXO0MCOCHUS 6EIUYUNHDL A0COPOUUU

t | S | AC A finac| A, | UAC | VA
M MMOJIB/JI | MMOJIB/JI | MMOJIB/T o B
I1B nuctheB psOMHHMKA PSAOMHOIMCTHOTO Ipumenanue:
0 475 : ; N N : N t — epems;
d C — pasnosecnas xonyenmpayus,
10 24,0 23,5 15,67 3,16 2,75 0,043 0,064 AC — paznocmu KoHyenmpayuii pacmeopos
20 22,0 25,5 17,00 | 3,24 | 2,83 0,039 | 0,059 | 9o unocaeadcopoyuu, 5
30 [ 210 | 265 | 1767 [328] 2,87 [ 0038 |[0,057 fgpguj;c”epm”m‘”b”“” pema A
40 20,0 27,5 18,33 [ 3,31 | 291 0,036 | 0,055
50 19,0 28,5 19,00 | 3,35 | 2,94 0,035 [ 0,053
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Koncranty K Haxomunu mo BeIM4YMHE OTpe3Ka, OT- Haiinennble 3Ha4eHUs] KOX(PPUIMECHTOB ypaBHEHHS
CeKaeMoro ImpsMod Ha ocu opauHar. AncopOunonHbit  ®peinymxa s [1B u3 nucTheB psiOMHHUKA PSIOHHO-
MoKazaTelb (%) OmpejieieH M0 TaHTEHCYy yIila HakjioHa  JucTHoro cocraswin K=1,46; 1/n=0,9.

MPSIMOM K ocu abcrucc.

4

3,5

3 ,/"'
2,5 ,/
2 Prad

InA>

0 0,5 1 1,5 2 2,5 3 3,5
InAC

Pucynok 5 — I'paghuueckoe onpedenenue koncmanm ypasuenus Opeinonuxa
ona IIB nucmuee padunnuKa padouUHOIUCHIHO20

0,05
0,045

0,04 P 4

0,035 '[

0,03
)

I~
<0,025 T
= 0.02 T
0,015 T

/
7
0,01 =
0,005
0
0 0,01 0,02 0,03 0,04 0,05 0,06 0,07

1/AC

Pucynok 6 — I'pagpuueckoe onpedenenue koncmanm ypasuenus Jlenemwopa onsn IB nucmoee paounnuka

KoHcTranTa Aco Haxommiachk IO BEIHYHHE OTpPe3Ka Haiinennsie 3HaueHUsI KOX(PPHUIUECHTOB YpaBHCHHS
1
OJ1= 5. Vcxons u3 dusnueckoro cmpicna kodbuumen- Jlerrmropa st I1B U3 nucTheB psAOWHHIKA PIOUHOINCT-
ta (D), YTO OH paBeH KOHICHTPALMH TIPH —, yaBouan  HOro coctaBumu Aco=133; b=167. B tabnuie 7 npen-
otpesok OJ] u Hamma OM= 7. CTaBIJICHBI HAWJICHHBIC BEIMIMHEI aICOPOIIHH.

Taonuya 7 — Coomuouienue IKCnEPUMEHMANbHOU 6eNUYUHDL AOCOPOYUL C PACUENHBIMU

AC, A, A_, A,
MMOJIB/JT MMOJSII)/F MMo;L/r MMO?IL/F AfAy | AJA,
I1B nuctbeB psAGMHHKKA fg”f"e‘m”"e : ) )
— PA3HOCMb KOHYEHMPayull pacmeopos 00 u no-
235 | 1567 | 2493 [ 1641 [ 0629 [ 0955 | bon TP PR
25,5 17,00 26,84 17,62 0,633 0,965 A, — oxcnepumenmanvhas éeruuuna aocopoyuu;
26,5 17,67 27,78 18,21 0,636 | 0,970 | A4,- aocopbyus no ypasnenuio @peiinoruxa;
27,5 18,33 28,73 18,88 0,638 | 0,971 | 4,—adcopbyus no ypasnenuio Jlenemiopa
28,5 19,00 29,66 19,35 0,641 | 0,982
CpenHue BeTUYHHBI: 0,64 0,97
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Pe3yJ'IBTaTBI II0Ka3aJii, 4YTO MaKCHMaJIbHOEC CBS3bIBa-
HHE MOHOB PD?" IMEKTHHOM JIHCTHEB PAOMHHHKA PSIOUHO-
sctaoro B 50 munyT cocrasisier 60,0%. B nepecuere Ha 1
T copOeHTa COOTBETCTBEHHO paBHO 39,4 MI' HFOHOB CBUHIIA.

3akarouenue. B pesynbrare MccienoBaHUs OTpe-
JIeJIcHa CPEJIHSST MOJICKYISIpHAsT Macca, KOTopas paBHa
32923 r/monb. OmpeneneHue CpemHel MOJIEKYIAPHOI
MacCChI U H303HGKTqueCKOﬁ TOYKHU IO3BOJIAIOT YCTAHO-

BUTHh BO3MOXKHOCTh Hanbosee 3PpeKTHBHOTO HUCIIOIb30-
BaHUS PACTUTENILHOIO ChIpbs. PUBNYECKUE U TEXHOJIO-
TMYECKUE CBOMCTBA IEKTUHOBBIX BEILECTB 3aBUCST OT UX
MOJIEKYJISIpHOM Macchl. 1o BelMyuHe MOIy4YeHHBIX U30-
TEPM CIEIyeT cleaarb BbIBOJ, YTO 3aBUCHMOCTb BEJIU-
YHHBI aICOPOIINU OT PAaBHOBECHOM KOHIIEHTPAILIMN HOHOB
CBUHIIA B OOJBIICH CTENEHH MOAYMHSACTCS YPaBHEHHIO
Jlenrmropa.

Introduction. Currently, searching for new sources
of raw materials of biologically active substances of plant
origin is very important. Unlike synthetic substances, me-
dicinal plants and preparations on their basis possess a wide
spectrum of pharmacological action combined with very
low toxicity. Pectins are high-molecular compounds of in-
disputably plant origin, which are recognized as absolutely
non-toxic and pharmacologically safe biologically active
substances. Pectins are especially effective for the diseases
related to lipid and carbohydrate metabolism. Pectic sub-
stances are used for treatment the diseases of the gastroin-
testinal tract, diabetes, atherosclerosis, hemophilia, wounds
and burns [1-4].

Practical use of pectins is due to their widespread
distribution, relatively easy isolation and high pharma-
cological activity. Nowadays an intensive study of the
relationship between the structure and physico-chemical
properties of pectin polysaccharides is being carried out,
and the studies of the sorption and complexing pectin
properties are also being expanded [5-7].

Sorbaria sorbifolia belongs to the rose family (Ro-
saceae DC). As for its distribution, the following can be
noted: the representatives of this family are widely dis-
tributed around the globe, but the most diverse are tem-
perate and subtropical belts of the both hemispheres, es-
pecially the temperate belt of the Northern Hemisphere.
The family covers a wide range of life forms of plants:
deciduous and evergreen trees, deciduous and evergreen
bushes and shrubs, perennial and annual grasses. Their
leaves can be regular, rarely opposite, simple or com-
pound, mostly with stipules. As the object of the study
the leaves of Sorbaria sorbifolia, harvested in July—Au-
gust 2016, were used.

The aim of the work was to study rheological prop-
erties of aqueous solutions of pectin substances obtained
from the leaves of Sorbaria sorbifolia (L.).

Materials and methods. Secretion of polysaccha-
rides from the leaves of Sorbaria sorbifolia was carried
out fraction by fraction on the basis of N.K. Kochetkov
and M. Sinner’s method: 1st — WSPS (water soluble
polysaccharides), 2nd — PS (pectic substances), 3rd - Hz
A (hemicellulose A) and 4th — Hz B (hemicellulose B)
[1, 8-10] (Fig. 1).

With an Oswald capillary viscometer the average
molar mass was determined [10-12]. The time of the wa-
ter outflow and as well as the outflow of solutions of PS
(pectic substances) was measured, the relative viscosity
(n) was calculated taking into account the density (p,, p)
of solutions (Formula 1):

n=

tXp
to X po (1)

The average molar mass (Formula 2) was calculated
in magnitude to the intrinsic viscosity and Mark-Kuhn-
Hauwink’s equation:

[n]= K x M¢ @)

The values of the constants K and a are taken from
the literature [1, 2].

On the basis of experimental data, the adsorption ca-
pacity of PS from the leaves of Sorbaria sorbifolia was
estimated [12-14].

The calculation of the experimental value of adsorp-
tion was carried out according to Formula 3:

X (Co B Cequu/) xV

A= o T
m m @),

where X — quantity of adsorbate (mmol);

m i— unit mass of the adsorbent (g).

The results are shown in Table 6.

The calculation of the adsorption at the interface
“solid-liquid” was carried out according to Freundlich’s
and Langmuir’s equations [13-16].

Here is Freundlich’s equation (Formula 4):

1

A =KCn “)

To determine the constants K and % the following
logarithmic relationship is used:

1
InA = InK + HlnC , ©)
where A — experimental of adsorption amount;

C — equilibrium density, mmol/L.

The values of the constants are found according to
the graphical dependence In= = f(InAC), presented in
Fig. 5.

Langmuir’s equation (Formula 6):

Ae X C
A= b+c ’ (6)
where Ao u b — constants;

C — concentration of adsorbate in a state of adsorp-
tion equilibrium, mmol/L.

To determine the constants A« and b, it is more
convenient to use the linear form of the equation (For-
mula 7):

1 b 1

A AxXc + A @)

To determine the constants, the graphical depen-
dence 1 / A =f (1 / AC) presented in Figure 6 was
used.

Results and discussion. While gravimetric analyz-
ing it was found out that in quantity WSPS (water solu-
ble polysaccharides) and PS (pectic substances) predom-
inate. The results are shown in Table 1.
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Leaves of
Sorbaria sorbifolia

Treatment with chloroform (degreasing)

A 4

| Degreased raw materials |

Extraction with purified water for 24 hours

/\

| Water extraction | Extraction cake

Extraction with a mixture of
Alcohol precipitation, 0.5% oxalic acid and 0.5% ammonium
centrifugation oxalate solution for 1 hour
Water-soluble
polvsaccharides

Acidulous extraction Extraction cake

Alcohol precipitation, Treatment
centrifugation with  7.5%  sodium
hydroxide solution

Pectic
substances

Extraction cake

AlKkali extraction

Neutralization,
centrifugation

Hemicellulose A Supernatant fluid

Dialysis, alcohol
precipitation,
centrifugation

Hemicellulose B

Figure 1 — Scheme for the isolation of polysaccharide complexes from the leaves of Sorbaria sorbifolia

Table 1 — Percentage yield of PS and WSPS of Sorbaria sorbifolia

Type of raw material, fraction Leaves of Sorbaria sorbifolia
PS 9.2%
WSPS 1.0%

The structure and properties of high-molar mass species  a direct dependence on the method of obtaining this biopoly-
is determined by the average molar mass (M.M.), which has  mer. The measurement results are shown in Table 2.

Table 2 — Measurement results of the viscosity of aqueous solutions of PS (pectic substances),
obtained from Sorbaria sorbifolia

PS from Sorbaria sorbifolia
C,OA) tv Sec. 77rel. 77spec. visc. ngiven,
H,0 12.35 Note:
2 : C - concentration of the solution;
0.05 14.20 1.15 0.15 3.00 t - time:
0.10 16.18 1.31 0.31 3.10 11, — relative viscosity;
0.20 20.30 1.64 0.64 3.20 N spec. vise. ~ specific viscosity;
1 iven— VISCOSItY is given
0.40 29.55 2.39 1.39 3.48 ghven:
0.80 57.35 4.64 3.64 4,55
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The relative viscosity, which characterizes the in-
crease in the viscosity of the solution as compared with the
viscosity of the solvent, increases with increasing concen-
tration. The polymer molecules begin to interact with each

other and the curve is drawn by convexity to the abscissa
axis. Perhaps, the system is being structured [2, 12, 13].

The graphic dependence of n, on C is presented in
Figure 2.

3,5

2,5

Nrel

1,5

0,05 0,1

C, %

0,2 0,4 0,8

Figure 2 — Dependence of relative viscosity on solutions concentration of PS

The value of the intrinsic viscosity, which reflects
the thermodynamic resistance to the flow of biopolymer
molecules, was determined by the value of the segment

cut off on the ordinate axis; using the Ngiven = f(C) equa-
tion the value of [n] was determined. The dependence
graph is depicted in Figure 3.

5

/

4 /
3,5 4

3—;04/

0 T T
0,4

0,6 0,8 1

C, %

Figure 3 — Dependence of the reduced viscosity on concentration

The average molar mass was calculated using the
value of intrinsic viscosity and Mark-Kuhn-Houwink’s
equation. While calculating this indicator the following

corresponding values from the literature data were used:
K = 1.1:10-5, a = 1.2 [1]. The results are presented in
Table 3.

Table 3 — Results of molar mass determination

Intrinsic viscosity |

Average molar mass, g/mol

Name of raw material

PS

Leaves of Sorbaria sorbifolia 2.9

| 32923

Pectic substances can be attributed to ionic poly-
mers. The degree of dissociation of the polar groups, the
magnitude of the charge are related to the pH medium.
Macromolecules of water-soluble polyelectrolytes disso-
ciate, splitting simple ions into the solution, and make

up a multiply charged polymer ion. The reaction of the
medium determines not only the charge of the ion, but
also the conformation of molecules associated with the
changing properties of the polyelectrolyte.

Therefore, studying the effect of the pH medium on
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the viscosity of PS solutions was attractive. Buffer solu-
tions with pH medium in the range of 3.2-5.7 were pre-
pared. The same volume of 1% pectin-containing solu-

tion was added to them and the time of the liquid outflow
was measured with a viscometer. The results are shown
in Table 4.

Table 4 — Dependence of the time outflow and viscosity of solutions on the pH medium

No. pH t, sec. e,
1 - 12.96 -
2 3.2 15.17 1171
3 3.7 15.10 L165 | (.
4 4.2 15.23 1.175 n,, — relative viscosity
5 4.7 15.02 1.159
6 5.2 14.59 1.126
7 5.7 14.95 1.154

The graphic dependence of i on the pH medium
(Figure 4) shows that at pH = 5.2 a distinct mini-
mum viscosity is observed. In such a medium the
PS molecules are electrically neutral and the polye-
lectrolyte is in the isoelectric state. In this case the
molecules are folded into a dense tangle, which ex-

erts less resistance to the flow than a straightened
molecule.

At pH below and above 5.2, the viscosity increases
as the molecule straightens PS, its volume increases. At
pH<5.2 a molecule is positively charged, at pH>5.2 it has
a negative charge.

1,18

N\

. \\/

1,16

N\

1]rel

1,14

pH

Figure 4 — Dependence of the relative viscosity of a 1% PS solution on the pH medium

It is known that if a polymer is in the isoelectric state,
its physico-chemical properties change: electrical con-
ductivity, osmotic pressure, the degree of denaturation
and swelling, mechanical strength of jelles, etc. [2, 13,
17]. Therefore, the establishment of the isoelectric point

of the polyelectrolyte will allow to influence the proper-
ties of pectin-containing solutions.

The sorption capacity of the obtained pectic sub-
stances was studied. Table 5 presents the dependence of
the lead ion concentration on the time of the sorption pro-
cess in contact with the biopolymer under study [18-20].

Table 5 — Changes in the concentration of lead ions in the aqueous phase of PS (pectic substances)
solutions from the leaves of Sorbaria sorbifolia

Time, v ml Mass content | Mass content of | % of binding K.C
min. ’ of Pb?*, mg Pb?*, mmol/l Pb?*ions 1
0 4.75 98.4 47.5 - - )
10 2.4 49.7 24.0 49.5 324.7 {“_"ttfﬁe_
20 22 45.6 22.0 53.7 352.0 | o~ complexing ability
30 2.1 43.5 21.0 55.8 366.0
40 2.0 41.4 20.0 57.9 380.0
50 1.9 39.4 19.0 60.0 393.3
60 1.9 39.4 19.0 60.0 393.3
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The metal cation and pectin participate in the forma-
tion of metal-pectate salts. Using Ostwald’s isolation meth-
od (Table 6), the change in the concentration of metal ions
with a minimal effect of the biopolymer concentration was

taken into account. With respect to this method, this reac-
tion proceeds with an excess amount of polyelectrolyte, in
this case of pectin, while the rate of sorption is proportional
to the concentration of the metal ion taken in deficiency.

Table 6 — Results of experimental determination of the adsorption magnitude

i C ' AC’ Aex erim.’
Tr:]%e’ mr$1bc2)+lll mmol/I mrr?ol/g InAC InAexpeﬂ VAC | U Aexpef
PS solutions from the leaves of Sorbaria sorbifolia

0 475 - - - - - -

10 24.0 23.5 15.67 | 3.16 | 2.75 |0.043| 0.064
20 22.0 25.5 17.00 | 3.24 | 2.83 |0.039| 0.059
30 21.0 26.5 17.67 | 3.28 | 2.87 |0.038| 0.057
40 20.0 27.5 18.33 | 3.31 | 291 |0.036| 0.055
50 19.0 28.5 19.00 | 3.35 | 2.94 |0.035| 0.053

The constant K was found by the value of the seg-
ment cut off by a straight line on the ordinate axis. The
adsorption index ( % ) was determined by the slope of the
straight line to the abscissa axis.

Note:

t — time;

C - equilibrium concentration;

AC — concentration difference of the solutions
before and after adsorption;

A, - experimental value of the adsorption

The found values of the coefficients of Freundlich’s

equation for PS from the leaves of Sorbaria sorbifolia
were: K =1.46; 1/n=0.9.

InA»

4

3,5
3

/

2,5

|

2

1,5

prad

1 8

0,5 /

~g

0
0 0,5

1,5

InAC

2,5 3 3,5

Figure 5 — Graphic determination of the constants of Freindlich’s equation
for the PS from the leaves of Sorbaria sorbifolia
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Figure 6 — Graphical determination of the constants of Langmuir’s equation
for the PS from the leaves of Sorbaria sorbifolia
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The consi[ant Aoo was found by the value of the seg-
ment OD = s On the basis of the physical meaning of
the coefficient (b), that it is equal to the concentration at
ATOO, the segment of OD was doubled and OM = % was
found.

The found values of the coefficients of Langmuir’s
equation for the PS from the leaves of Sorbaria sorbi-
folia were: Aoo = 133; b = 167. Table 7 shows the found

adsorption values.

Table 7 — Ratio of experimental adsorption values to the calculated ones

AC’ exper., AF’ AL'
mmol/I mmgllg mmol/g | mmol/g EXPE'/AF eXPef-/AL-
PS from the leaves of Sorbaria sorbifolia Not
ote:
235 15.67 24.93 16.41 0629 | 0.955 | AC - concentration difference of the solutions before
25.5 17.00 26.84 17.62 0.633 0.965 and after adsorption;
A, - experimental value of adsorption;

26.5 17.67 27.78 18.21 0.636 0.970 A_ - adsorption according to the Freundlich equation;
27.5 18.33 28.73 18.88 0.638 0.971 A, —adsorption according to the Langmuir equation
28.5 19.00 29.66 19.35 0.641 0.982

Average values: 0.64 0.97

The results showed that the maximal binding of Pb?
ions in Sorbaria sorbifolia leaves by pectin within 50
minutes is 60.0%. Expressed as 1 g of sorbent, it respec-
tively equals to 39.4 mg of lead ions.

Conclusion. As a result of the study, the average mo-
lar mass is determined as 32923 g/mol. The determination
of the average molar mass and the isoelectric point makes

it possible to state the possibility of the most effective use
of plant raw materials. Physical and technological proper-
ties of pectic substances depend on their molar mass.

The value of the obtained isotherms makes it possi-
ble to state that the dependence of the adsorption amount
to equilibrium concentration of lead ions is more subject
to Langmuir’s equation.
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NATOMOP®ONOINNMYECKOE U KOMNBbIOTEPHOE TOMOIPA®UYECKOE
MCCNEAOBAHUE BIMAHNA UBYNMPO®EHA U ETO KOMBUHAL WU
C 2-OEHUN-3-KAPBETOKCU-4-AUMETUNAMWUHO-
METWUN-5-OKCUBEH30®YPAHA TMAPOX/TIOPNAOM (BUHBOPOHOM)
HA COCTOAHUE CYCTABOB HUXHUX KOHEYHOCTEW KPbIC
C3KCNEPUMEHTA/IbHbIM PEBMATOUAHBIM APTPUTOM
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* Bunnuykuil HayuoHatbHulil Meouyunckuil ynugepcumem umenu H.H. Iupozosa
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Haubonee wacmuvimu nedxcenamenbubiMu peakyusimu Py UCHOAb30BAHUY HECIEPOUOHBIX NPOMUBOBOCNANUMENb-
HbIX NPEnapamos AGIsAI0MCs NOPANCEHUS 6EPXHUX U HUNCHUX OMOEL08 JHCENYO0UHO-KUUEUHO20 MPaKmd, 2enamomox-
CUHHOCMb, HePPOMOKCUYHOCMb, CHUMICEHUE CUHMEe3A NPOMEONUKAHO8 XPAUEBOT MKAHU, d MAKICce allepeuiecKue
peaxkyuu. B npedvloyuux ucciedo8anuax Hamiu Oblio YCmano8ieHo, Ymo CRA3MOIUMUK YKPAUHCKO20 NPOU3B00Cmed
€ NOIUMPONHeIMU (hapmaronocuyeckumu 3¢pghexmamu 8uHOOPOH cnocobewn yayuuiams npoguab 6e3o0nacHocmu no-
RYIAPHO20 HECMePOUOH020 aHmugrocucmuka ubynpoghena, a maxaice cnocobern NOMeHYUposams €20 NPomue08oC-
nanumenbhoe Oelicmsue, 4mo Cmaio NpeonocbiIKol 0emanbHO20 UCCIe008ANUS MEXAHUIMOE MePanegmuiecko2o
Oelicmeus yKa3auHulx npenapamos npu ux coemecmuom npumenenuu. Ilens uccnedosanus. Oxapaxmepuzoeams
snusanue sunbopona (11 me/ke, 6/7c) Ha NPOMUBOBOCHNATUMENbHYIO AKMUBHOCIb ubynpogena (218 me/ke, 6/sc) npu
Ux KOMOUHUPOBAHHOM NPUMEHEHUU HA MOOeNU IKCHEPUMEHMATbHO20 PEEMAMOUOHO20 apmpuma no OAHHbIM Namo-
Mopghono2uneckozo, MOPHOMEMPULECKO20 U KOHYCHO-TYHEeB020 KOMNbIOMEPHO20 MOMOSPAPUUECKO20 UCCIe008aHUL
CYCmasos HUNCHUX Koneunocmel y Kpvic. Mamepuanst u memoowl. /s socnpoussedenust ycioguil 86edeHus uoy-
npoghena, coomeemcmeayIowux e20 KIuHUIeCKOMY NPUMEHEHUI0, HAMU Oblla 8bIOPAHA MOOENb IKCHEPUMEHMANLHO20
pesmamouoro2o apmpuma — adviosawmuwitl apmpum (AA) y kpeic. Ha 28 0enb H#cugomuwix 6b1600UnU U3 IKCHEPU-
Menma, nociie 4ezo blNOIHANU AMAYMAYUIO 3A0HUX KOHEYHOCMEN HA YPosHe Ma300e0pentblX Cycmaegos (art. coxae)
¢ nocnedyiowei guxcayuert mamepuana 6 10,0 % 6oonom pacmeope netimpanvruo2o gopmanuna. Iorenocmontovie
cycmagwl noogepeanu oekanvyunayuu. Ilpenapamer 2omosunu no cmanoapmuoi memoouxe. Mukpockonuto u gpomo-
2papuposans 2ucmonouYecKux NPenapamos NPosooULU ¢ NOMOublo ceemosoco mukpockona OLIMPUS BX 41 npu
yeenuyerusx 6 40, 100, 200 u 400 pas. Honyuanu u obpabamvléanu CHUMKU, NPOBOOULU MOPHOMEeMPUIO ¢ ROMOWBIO
npoepammul « Quick PHOTO MICRO 2.3». Cooepoicanue KiemouHbIX 21eMeHMo8 Onpeoesiu U3 paciema Ha eOuHUYy
yeaosnott naowaou (1 mm?). Konycro-nyuesas Komnblomepnas momozpapus npo6oouUndcs ¢ noMouwbio yuphposozo
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NAHOPAMHO20 KOHYCHO-Tyueozo momozpagpa «Point 3D Combi 500» (PointNix, fOxcnasn Kopes), ¢ ucnonvzosanuem
NJIOCKOCMHO20 CeHcopa ¢ yuacmkom ckanuposanus 9%12 mm u ayuesou naepyskou 30-100 mx36. Cranuposanue
nposoounu ¢ nanpsiceruem 52,0 KV u cunoii moxa 6,0 mA. /[na unmezpanvhoti xapaxmepucmuxy TUHeUHbIX pazme-
P08 CYCMAB08 3a0HUX KOHEUHOCMel Kpblc HaMmu Oblia npediodicena gopmyna pacuema obvema cycmaea ([lamenm
Vrpaunot Ne UA 117538). Pesynomamot u oocyscoenue. Ilpumenenue ubynpoghpena ¢ xombunayuu ¢ unbopoHoM
CONPOBOINCOANUCH BOCCNAHOBTIEHUEM CIMPYKNYPbl U (YHKYUU XPAUEBOU U KOCIHOU MKAHU, 0 YeM C8UOemeNbCmeo-
6a/10 NOsABIEHUE KUCTLIX U CYIbOAMUPOSAHHBIX NMUKOZAMUHOSIUKAHO8. Boccmanosienue KOCMHOU MKaHU Peanu3o-
8A10CH NymeM pa3pacmanus COeOUHUMeNbHOU mKanu u mpancgopmayuu ee 6 xpawj. Cunoguanbhas 060104Ka OvLid
2UNEPNIA3UPOBAHHOU C RPOIUPEPUPYIOUUMU CUHOBUOYUMAMU KAK MAKPODALAIbHO20, MAK U CEKPEMOPHO20 MUNOE.
B peoxux cnyuasx coXpausiuch sigieHus YMEPeHHO20 OMeKad U He3HAYUMENbHAs, 04a208as TUMPOSUCMUOYUMAPHAS]
ungurbmpayus. Takum obpasom, npumenenue ubynpogena u udynpoghena 8 Kombunayuu ¢ 6uH6OpoHom y kpoic ¢ AA
NPUBOOUNIO K YMEHBULEHUIO UTU OMCYMCMBULU BOCNALEHUsL KAK 8 CYCMABe, MAK U 8 NepUapmuKyIspHblX mKausax. Ana-
JU3 Pe3yIbmanmos KOHYCHO-IYYe60t KOMNbIOMEPHOU MoMocpaduu u yugppoeoi penmeenozpaguu nokasai, Ymo Ha
hone 00H08peMmenH020 86edenus ubynpogena u 6UHOOPOHA OMMEUAEMCs MEHOCHYUSL K YCULEHUIO NPOMUBOBOCHAU-
MeNbHO20 0elCMBUsE UCCIe0YeMO20 AHMUDIOSUCTNUKA HA NOPAIICEHHbLE A0BIOGAHMHBIM APMPUIMOM CYCMABbL KPbIC.
Ha smo ykazwvleano ymenvuienue na 28 cymxu skcnepumenma oovema cycmagos 3a0HUX KOHeYHOCmel 6 CpeOHeM Ha
33,8 % omnocumenvro nokazamenet KOHMPOIbHBIX HCUGOMHBIX U NPAKMUHECKU NOIHOE 80CCAHOBIEHUE UUPUHD
CYCMABHBIX wjenell ucciedyeMulx cycmaesos. Takoice yCmanogieHo, 4mo 6UHO0POH CNOCOOEH 2apMOHUZUPOBAMb NPO-
MUBOBOCHANUMENbHOE eticmaue UOYRPOpeHa npu ux coeMecmHoMm npumenenuu. 3akaouenue. [pumvenenue unoo-
POHaA 6 KomOuHayuu ¢ ubynpoghenom npusooum Kk boiee 8blpadlCeHHOMY NAMOEHEMULECKOMY NPOMUBOBOCNANUMENb-
HOMY CIPYKIYPHO-MOOUGUyUpyowemy 0eticmauro YKazanio2o amugpuiocucmuxd.

Knioueswie cnosa: necmepouomnvle npomuosocnaiumensHvle npenapamsl, ubynpogen, BUuH60poH, cycmagul, ap-
Mpum, KOHYCHO-IY4e6dsi KOMNLIOMEPHAs MOMO2paghus, MOppomempus

PATHOMORPHOLOGICAL AND COMPUTERIZED TOMOGRAPHY STUDY
OF IBUPROFEN AND COMBINATION WITH 2-PHENYL-3-CARBETHOXY-
4-DIMETHYLAMINOMETHYL-5-OKSIBENZOFURAN HYDROCHLORIDE
(VINBORON) INFLUENCE ON THE JOINTS OF LOWER EXTREMITIES
OF RATS WITH EXPERIMENTAL RHEUMATOID ARTHRITIS

F.V. Hladkykh?!, V.O. Student??, N.H. Stepaniuk?, S.V. Vernyhorodskyi*

1 State institution «Grigoriev Institute for Medical Radiology
of the National Academy of Medical Sciences of Ukraine». 82, Pushkinska Str., Kharkiv, Ukraine, 61024
2 Danylo Halytsky Lviv National Medical University. 69, Pekarska Str., Lviv, Ukraine, 79010,
3Center for Medical 3D Diagnostics. 18, Chernihivska Str., Lviv, Ukraine, 79010
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E-mail: fedir.hladkykh@gmail.com

E-mail: student.volodymyr@gmail.com
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E-mail: medservervit@gmail.com

The most frequent adverse reactions to nonsteroidal anti-inflammatory drugs are upper and lower gastrointes-
tinal tract disorders, hepatotoxicity, nephrotoxicity, a decrease in the synthesis of proteoglycans of the cartilaginous
tissue and allergic reactions. In our previous studies we have found out that Ukrainian vinboron, the antispasmodic
with polytrophic pharmacological effects, can improve the safety profile of the popular non-steroidal antiphlogistics
ibuprofen and can also potentiate its anti-inflammatory effect. That fact has become the background to a detailed
study of the therapeutic action mechanisms of these drugs when they are used together. Aim of the study. To char-
acterize the influence of vinboron (11 mg/kg, i.g.) on the anti-inflammatory activity of ibuprofen (218 mg/kg, i.g.)
when combined, in a model of experimental rheumatoid arthritis according to pathomorphological, morphometric
and cone-ray computerized tomography of rats’ hind limbs. Materials and methods. To reproduce the conditions for
the administration of ibuprofen corresponding to its clinical use, we selected a model of experimental rheumatoid
arthritis-adjuvant arthritis (AA) in rats. On the 28" day the animals were excluded from the experiment. It was fol-
lowed by the amputation of the hind limbs at the level of the hocks (art. coxae) and fixation of the material in 10.0%
aqueous solution of neutral formalin. The ankle joints were decalcified. The drugs were prepared according to the
standard procedure. Microscopy and photographing of histological preparations were carried out with the light mi-
croscope OLIMPUS BX 41 at magnifications of 40, 100, 200 and 400 times. The obtained images were processed and
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morphometry was carried out with the program “Quick PHOTO MICRO 2.3”. The contents of the cellular elements
was determined on the basis of the equivalent unit area (1 mm2). Cone-ray computerized tomography was carried
out with a digital panoramic cone-ray tomographic scanner-“Point 3D Combi 500" (PointNix, South Korea), using
a planar sensor with a scanning site of 9 x 12 mm and a radial load of 30-100 uSv. Scanning was carried out with a
voltage of 52.0 kV and the electric current of 6.0 mA. For the integral characteristics of the linear dimensions of rats’
hind limbs joints we proposed a formula for calculating the joint volume (Patent of Ukraine No. UA 117538). For the
integral characteristics of the dimensions of rats’ hind limbs linear joints we proposed a formula for calculating the
joint volume (Patent of Ukraine No. UA 117538). Results and discussion. The use of ibuprofen in combination with
vinboron was accompanied by restoration of the structure and function of the cartilage and bone tissues, evidenced
by the appearance of acidic and sulfated glycosaminoglycans. The restoration of the bone tissue was realized by the
proliferation of the connective tissue and its transformation into cartilage. The synovial membrane was hyperplastic
with proliferating synoviocytes of both macrophage and secretory types. In rare cases, the phenomenon of moderate
edema and minor focal lymphohistiocytic infiltration persisted. Thus, the use of ibuprofen and ibuprofen in combina-
tion with vinboron in rats with adjuvant arthritis resulted in a reduction or absence of inflammation in both the joint
and periarticular tissues. The analysis of the results of cone-ray computerized tomography and digital radiography
showed that against the background of simultaneous administration of ibuprofen and vinboron there was a tendency
to increase the anti-inflammatory effect of the studied antiphlogistics on the rats’ joints affected by adjuvant arthritis.
On the 28-th day of the experiment there was the indicatation of decrease of the volume of the hind limb joints by an
average of 33.8% compared to the control animals and a near-complete restoration of the width of the joint gaps of the
joints examined. It was also determined that vinboron can harmonize the anti-inflammatory effect of ibuprofen when
they are used together. Conclusion. The use of vinboron in combination with ibuprofen leads to a more pronounced

pathogenetic anti-inflammatory structural-modifying effect of this antiphlogistics.
Keywords: nonsteroidal anti-inflammatory drugs, ibuprofen, vinboron, joints, arthritis, cone-beam computerized

tomography, morphometry

Benenmne. HecreponaHbsle NpOTHBOBOCIAIUTEINb-
ueie mpemaparsl (HITBIT) — ocHOBHOM Kiacc iekap-
CTBEHHBIX CPEJICTB, HCIOJIB3YyEMbIX B PEBMAaTOJOIHH.
[TomaBneHne BoCIaJICHNs SIBISIETCS OAHON U3 OCHOBHBIX
3aj]a4 [aTOT€HETHYEeCKOH Tepanmuu PeBMaTHYECKUX 3a-
OoIreBaHMi, TOCKOJIBKY HMEHHO C XPOHHYECKOH BOCIIa-
JIUTEJILHOM peaklyell CBs3aHO NPOrpeccHpoBaHUE He-
00paTHMBIX CTPYKTYPHBIX H3MEHEHHH cycTaBos [1, 2]. B
nporuBoBocranuTeabHoM dddexre HIIBII Baxnoe 3ua-
YEHHE OTBOJST OJOKa/e IMKIOOKCHUICHA3bl, CHUKECHHIO
CHHTE3a IIPOCTAIIaHAMHOB, aHTHOPaJANKWHHUHOBOMY
JEUCTBUIO, YMEHBLIEHUIO NPOHULAEMOCTH COCYAUCTOU
crerku. HIIBIT Topmo3sT CcBOOOJHOpAIMKAIBHBIC pe-
aKIUH, CTaOWIM3HPYIOT JIN30COMHBIE MEMOpaHBI, TIpe-
IISITCTBYSI BBIXOAY JIN30COMANIBHBIX (DEPMEHTOB, MPEIOT-
BPAIIAIOT aKTHBAIMIO NMMYHOKOMIIETEHTHBIX KJIETOK Ha
PaHHUX ATalax BOCHAJICHUS, CHU)KAIOT SHEPTeTUIECKUI
obmen, neneHune (HuOPOOIACTOB M CHHTE3 KOJUIATCHA,
YMEHBIIAIOT BBIPAKEHHOCTh T'MIIEPEPIrHYECKOro BOCIIa-
JICHUSI, THUIEPEMHIO, OTEK, 0O0Nb, CTENEHb AECTPYKINHU
TKaHueii [1, 2].

OpmHako MOCTIKECHHE CTPYKTYPHO-MOAH(DUIIHpY-
romiero jgevictBust HIIBIT mpu peBmatmueckux 3a0o-
JICBaHMSIX — TOJABICHUS SKTOIMYECKON occuuKannu
MOCPEJICTBOM TOPMOXKEHHSI aKTHUBAIIMM OCTEOKJIACTOB,
HEOAHTHOTEHE3a M YCWICHHS KJIETOYHOTO arornTo3a,
BO3MOYKHO JIMIIb TIPH WX HAa3HAYCHUH B CyOMaKCHMaJlb-
HBIX / MAKCHUMAITBHBIX TEPAIICBTHIECKUX 033X U Ha [UTH-
TEJIBHBIN CPOK, TOCKOJIBKY ayTOMMMYHHOE BOCHAJICHUE
MMEET CaMOIOJEPKUBAIOLINICS, LUUKINYHBI Xapak-
Tep. B 9T0# cutyanum puck paszBuTus Kiacc-crienudu-
YECKUX OCJOKHEHHH MOMKET CTaTh OCHOBHBIM (haKTo-
poM, OrpaHMYMBarOIUM TepaHeBTl/l’-leCKI/lﬁ IIoTeHal
9THX Tpemnaparos [1-4].

K coxanenuio, HexenareiabHble PeaKkyu MpH NpH-
eme HIIBII oTtHOCATCA K peakmusaM Tuma A — YacThle,
npejickazyeMble 0OOYHBIE JICHCTBUS, SIBIISIOIIUECS
CJICICTBHEM H3BECTHOIO (hapMaKOIOTHYECKOTO Mexa-
HU3Ma, W MOTYT HAONIONAThCsl y JI00Or0 NalueHTa.
Hanbosee yacThIMU HeXeJIaTENbHBIMH PEAKLUAMU IPH
ucnons3oBanuu HIIBII sBisitorcst ractpo- u 3HTEpO-
TOKCHYHOCTb, T'€IIATOTOKCHYHOCTh, HE(hPOTOKCHYHOCTB,
TPOMOOTHYECKHE OCIOKHEHUS, CHIYKEHUE CUHTE3a TIPO-
TEOTNIMKAHOB XPSAIIEBON TKaHH, a TAKXKE aJUIePTUUECKHE
peakimu [3-11].

Panee HaMu OBUIO YCTAHOBIEHO, YTO CIIa3MOJIMTHK
YKPAMHCKOTO ITPOM3BOJICTBA C IOJMTPOIHBIMU (hapma-
KoJormuecKuMu d(pdexTaMu BUHOOPOH CIIOCOOCH yITyd-
maTh NpoQuiIb 0E30MaCHOCTH MOMYIISIPHOTO HECTEPOUI-
HOTO aHTU(IIOTUCTHKA HOYIIpodeHa, a TakKe CrocodeH
MIOTEHIUPOBATh €T0 POTHBOBOCIIAIINTEIBLHOE JICHCTBHE,
YTO CTAJO MPEIIOCBUIKOW JETaIbHOTO HCCIICIOBAHUS
MEXaHU3MOB TEpPaANeBTHYECKOr0 JICUCTBHS YKa3aHHBIX
MPETaparoB MPU WX COBMECTHOM TipuMeHeHnw [12-16].

Iens uccnenoBanus. OxapakTepH30BaTh BIUSHHE
BuHOOpoHa (11 Mr/kr, B/K) Ha TPOTHBOBOCIAIHTEND-
HYI aKkTHBHOCTh uOympodena (218 wmr/kr, B/x) mnpu
X KOMOWHHPOBAaHHOM IPHMEHCHHH Ha MOJIEIH JKCIIe-
PUMEHTAJIBHOTO PEBMATOMHOIO apTpUTa IO JaHHBIM
MaToMOp(OIOTHIECKOTO, MOP(POMETPHIECKOTO M KO-
HYCHO-JIy4€BOTO KOMITBIOTEPHOTO TOMOTpaduieckoro
HCCIETOBAaHUM CyCTaBOB HUKHUX KOHEUHOCTEH Y KpBIC.

Marepuansl U meroabl. lccinenoBanue mnposene-
HO Ha 28 TIONOBO3pEINBIX KPHICaX-camIlaX, pa3OMTHIX Ha
4 rpymnsl: | — uaTakTHBIE Kpbickl (N=7), Il — KpBICHI CO
CMOJICITMPOBAHHBIM abIOBAaHTHEIM apTputoM (AA) Ge3
nedenus (koutpons), Il — kpeicel ¢ AA (N=7), TeueHHbIC
ubympodenom (218 mr/kr, BHYTprKemya09HO), IV — KpbI-
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col ¢ AA (n=7), neuennsie uOympodpeHom (218 wmr/kr,
BHYTPWKEITYIOYHO) B KOMOWHAIIMH C BHHOOPOHOM
(11 wmr/kr, BHyTpmXedymo4HO). Jyisi BOCIIPOM3BENCHHS
YCIIOBHI BBENCHHs MOYNpo(eHa, COOTBETCTBYIOLIUX €ro
KJIMHAYECKOMY TPHUMEHEHHIO HaMH Oblia BhIOpaHa Mo-
JIeNTh SKCIIEPUMEHTAILHOTO peBMaronaHoro aprpura (PA)
— aJIbIOBAHTHBIN apTpuT (Ipyroe HasBanue — apTput [up-
cona (Pearson C.M. u coasr., 1959 1)) y KpbIC, KOTOPBIit
uMeeT Bce MOphOoQyHKIMOHAIBHBIE MPH3HAKU PA u co-
MIPOBOXKIIACTCSl TUITMYHON PeaKeil, OCHOBHBIM 3BCHOM
KOTOpO# siBJIsieTcst T-KieTouHblii mMmyHuTeT [17]. AA
MOJIETIMPOBATIN IIyTeM CYyOIUIAaHTapHOTO BBEACHUS IIOJ-
Horo ajptoBanta Ppeiinga (complete Freundss adjuvant
— CFA (Thermo scientific, C1114), 100 mku1 / kpsicy), KOTO-
PBIid CONEPIKUT MONTUCaXapuibl yOUTON HAarpeBaHHUEM Ma-
noukn Koxa (Mycobacterium tuberculosis — Mtb, 5 mr/mir)
U CIIOXKHBIC JKHPHBIC KHCIIOTHI (JepUBATHI JAHOIMHA) C
OMyJIbraropoM (Ba3eIMHOBOE MACIi0) B COOTHOIIEHUH 1:2
B MPaBYIO 3a/IHIOK0 KOHEYHOCTH Kpbic [18-23]. Jleun BBe-
JICHHUSI Q[IBIOBAHTA CYUTAIHN KaK «0» JIeHb IKCIIEPHUMEHTA.

Jlewenne AA mpoBommiock ¢ 14 mo 28 nens, mytem
BHYTPIKEITYIOYHOTO BBEICHHS HCCIIEyEMBIX IIPEHapaToB.
Hauaio BBeieHHs JIeKapCTBEHHBIX CPEACTB OTBEYAI MAKCH-
MaJIbHOU BocHaiuTebHON peakin [18-19]. Mbynpoden
(340 «Dapmayesmuueckasn ¢upma «Jlapruya», Yxpauna)
BBOJIMITH BHYTPIKETYIOYHO B BHJE CYCIICH3UH Ha OCHOBE
sMyJbraropa nomiokcusTiiIeH (20) copbuTan MOHOOIEaTa
(mpyrue mazsammst: Teur-80 (Tween 80), mommcop6ar-80
(Polysorbat-80), E433) u Bomsl pro injectionibus (OAO
«lanuugpapm», Vrpauna). sunbopon (ITAO HIIL] «bop-
wazosckuil X3», Vrpauna), pacTBOPEHHBIN B BOJE Pro
injectionibus (040 « anuugpapm», Yxpauna), BBoauics 3a
60 muH 10 BBeneHNs HOyTIpodeHa, TBaXKIBI B CyTKH.

JUTs SKCTpanoNsIiy CpeJHETePAeBIYECKHX 103 UL
YesioBeka Ha 1309 (eKTUBHBIC 103bI ISl KPbIC HAMH PO-
M3BEJICH MepepacyeT no Metoxy Preibososnesa FO.P. u co-
aBt. (1979 1) [24]. Hoza ubynpodena (340 «Dapmayes-
muueckas upma «<Jlapruya», Ykpauna) UL 9enoBeKa
2400 wmr (1o 0,8 r 3 p/n), KoTopast 06MamaeT 0CTATOTHOM
MPOTHBOBOCITATUTEIIHHON AKTHBHOCTHIO U PEKOMEH/TYCT-
cst st nedenust PA [1-2, 25], mpu mepecdere cooTBet-
cTByeT n303(dekTuBHON n03¢ s Kpbic 218 Mr/kr. [lo3a
BuHOOpOHa (/140 HIIL] «bopwacosckuii XD3», Yrpau-
na) mst uenoseka 120 mr (o 0,04 r 3 p/), koTopast pexo-
MEH/IOBaHa K IPHIMEHEHHIO B JICYEHUH OOJBHBIX S3BEHHOM
00JIC3HBIO KENY/IKA U IBEHAIATUTICPCTHON KUIIIKH COOT-
BETCTBYET 03¢ st Kpbic 11 mr/kr [26-28].

DBTaHa3UI0 )KUBOTHBIX MPOBOIMIN Ha 28 CYTKH JKC-
MIEPUMEHTA TyTEeM LEPBHKAIBHOW JUCIOKALMN 1O UH-
ransiuonHsiM Tpuxnopmeranosbiv (CHCL) Hapkosom
MOCJIC Yer0 BBIMONHSIA aMITyTAIMI0 33HUX KOHEYHO-
cTeit Ha ypoBHE Ta300epeHHbIX cycTaBoB (art. coxae) ¢
nocnenyroei pukcanueit marepuana B 10,0 % BogHOM
pacTBope HeWTpaibHOrO (opMmairHa. [0leHOCTOIHBIC
CyCTaBBI MMOABEpranu JeKanbluHanud. [Ipemaparsl ro-
TOBWJIM II0 CTAQHJAPTHOH METOIMKE, T'MCTOJIOTHYECKHE
cpe3bl TONIIUHON 5—7 MKM OKpAaIIMBajl IeMaTOKCHIIN-
HOM ¥ D03HHOM, MUKPO(YKCHHOM MO BaH ['m30HY, oc-
HOBHBIM KOpuuHeBbIM 3a IllyGudem, komMOuHanuen oc-
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HOBHOT'O KOPUYHEBOTO U KPEIKOTO 3€JICHOr0 KPAaCHTEIIs,
[NK-peakiuu ¢ aabiuaHoBbIM cuHuM [29-33].

Muxpockormito 1 (ororpadpoBaHAE THUCTOJIOTHYE-
CKHX MPENapaToB MPOBOIIIIH € TOMOLIBEO CBETOBOTO MUKPO-
crxorra OLIMPUS BX 41 npu yBemuenmsix B 40, 100, 200 u
400 pa3. Tlomyyanu 1 00padaThIBaId CHUMKH, TPOBOIMIIH
MOp(OMETPHIO ¢ TOMOIIBI0 Tporpammbl «Quick PHOTO
MICRO 2.3». ConepkaHuie KJIETOUHBIX JIEMEHTOB OIpesie-
JSUTA M3 pacueTa Ha equHuUIly ycnoBHOM rwiomamm (1 mm?).
[1pn BeIONHEHHH MOP(OMETPUYECKUX HCCICIOBAHUN py-
KOBOJICTBOBAJIMCH OCHOBHBIMH PUHIIUIIAMH, H3JIOKCHHBIMH
B pykoBojcte Asranmuiosa I I (2002) [29].

Mo mauusiM Aurell Y. u coasr. (2014) [34] B quaruo-
ctuke PA MH(MOPMATHBHBIM METOIOM HHCTPYMEHTAJb-
HOM JMarHOCTHUKH SBISETCS KOMIIBIOTEpHAs TOMOIpa-
¢us. Beps Bo BHUMaHHE MaJble pa3Mepbl HCCIESTYEMOTo
Marepralia, HaMHi ObUla BBIIIOJHEHAa KOHYCHO-JIy4eBast
xommnprotepras tomorpadus (KJIKT). Hccnemosanue
npoBezieHo Ha Oaze llenTpa meauuuuckoi 3D nnarHo-
ctuku (e. J/Ibeos, Vrpauna) ¢ nomMoupo qudpoBoro ma-
HOPaMHOTO KOHYCHO-ITydeBoro Ttomorpada «Point 3D
Combi 500» (PointNix, FOaxcnas Kopes), ¢ HCTIONb30Ba-
HHEM IUIOCKOCTHOTO CEHCOpa ¢ y4acTKOM CKaHUPOBAHUS
9x12 MM u smydeBoit Harpyskoir 30-100 mx3s [35-38].
CkaHupoBaHue mpoBoawin ¢ HamnpspkeHueMm 52,0 KV u
cuiolt Toka 6,0 MA, koTopble ObIIM OIpE/IeIeHbl HAMH
OMITUPHYECKH, KaK ONTHMAJIbHBIC Uil WCCIICIOBAHUS
3aIHUX KOHEYHOCTEHN KpbIC. MyIbTUIIIAHAPHYIO PEKOH-
crpykuuto (Multi-Planar Reconstruction — MPR) koct-
HBIX CTPYKTYpP BBICOKOTO pa3pelleHHs] OCYIIECTBISUIN C
MOMOIIIBIO TIPOrpaMMHOTro obecrieuenus «RealScany.

C  [OMOIIBK  HPOrpaMMHOIO  OOECIICUCHUS
«RealScan — CD Viewer» (PointNix, FOoscnas Kopes)
MIPOBOAMIIA U3MEPEHUS IIUPHHBI U BBICOTHI CycTaBa, a
TaKKe ONPeIeIsTH MUPUHY CyCTaBHO# 1menu (puc. 1).

W3mepennst uccieryeMbIX ToKasarelield Mpon3BojIu-
JIM 110 YHU(ULIUPOBAHHBIM aITOPUTMAM: IUPUHY CYCTaBa
ONpEAeISIA BO (PPOHTAIBHOW IUIOCKOCTH C TPEABAPHU-
TENTLHOW HACTPOMKOW BEKTOPHBIX JIMHUN MapajlieabHO
MIPOOJIBHBIM OCSIM KOCTHBIX CTPYKTYP y4acTKa HUCCIeJO-
BaHUS M YBEIMUYCHHEM TOJIIMHBI OTOOpaKEHHUS cpe3a J10
2 mMM. M3mepeHne BBICOTBI CycTaBa ObLIO MPOBEICHO T10
ero CpelHeil 4acTH B CarMTTaJIbHOM IUIOCKOCTH C IMpel-
BapUTENbHOM HACTPOMKOM CaruTTaJILHOTO BEKTOpa Na-
paJUIeIFHO TIPOIOIBHON OCH MPOKCUMAIIBHOHN TpyO4aToit
KOCTH, C JOIMOJHHUTEIIbHBIM YBEJIMYCHUEM TOJIIMHBI OTO-
Opaxenwus cpesa 710 2 MM. LlIuprHy CycTaBHBIX LIeNeH n3-
MEPSUTH MKy 3aMBIKAIOIIIUMH TIIACTUHKAMH CYCTaBHBIX
MOBEPXHOCTEH BO (hpOHTAIBHON (peke — CaruTTaIbHOM)
IJIOCKOCTU € MPEIBAapUTEIILHOW HACTPOMKON BEKTOPHBIX
JIMHUM 10 BbILIEyKa3aHHOM MeTtoauke. I[IpemioskeHHbI
AJITOPUTM  TIO3BOJIATT MHUHUMU3HUPOBATH ABJICHUA IIPO-
CTPaHCTBEHHOTO HAJIOKEHHUSI aHATOMHYECKHX CTPYKTYP.

JLnst MHTErpajbHOM XapaKTepUCTHKH JIMHEIHBIX pa3-
MEpOB CyCTaBOB 3aJHUX KOHEYHOCTEH KpBIC HAMH OblIa
npetokena Gopmyna pacyera oorema cycrasa (I[larent
Vipaunbst Ne UA 117538) [39]. Venosro ObLT n30paH mu-
JIMHJP, Kak Omkaiinias Gpurypa cooTBETCTBYIOIIEH IPo-
CTPAaHCTBEHHOH OpraHMU3aluK MEIKUX CYCTaBOB (pHcC. 2).
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Pucynok 1 — Konycno-nyueeas momozpamma cmonst Kpoicol 6 okne npozpammst «<RealScan — CD Viewer»

OneHKy A(QQEeKTUBHOCTH MPOTHBOBOCIIATHTEIEHOM
TEpanyy TPOBOAWIN IIyTEM CPaBHEHHS PACCUMTAHHBIX
TI0 TIOJTyYEHHBIM JITHEHHBIMH pa3MepaMu 00beMOB Aecs-
i cycraBoB (I — V uitocHehasaHroBbIX U MPOKCHMAITb-
HBIX MEK(aTaHTOBBIX CycTaBoB | — V manbIeB CTOIbI),
LIMPHUHBI U BEICOTHI KOCTHBIX PSIJIOB 3aILIECHA U IUTIOCHBI,
a TaKKe HIMPHUHBI CYCTaBHBIX MIEJNEH JECATH CyCTaBOB
(T = V mirocHeananroBbiX U MPOKCUMATBHBIX MekKpa-
JIAHTOBBIX CYCTaBOB | — V TaJbIEB CTOTBI) TIPH pasiny-
HBIX YCJOBHSIX SKCIIEPUMEHTa U CPABHEHWU IIMPHHBI
CYCTaBHOM 1IN B COOTBETCTBYIOIIMX cycTaBax. [lomy-
YEHHBIE PACXOXKJICHUS BBIpaXKai B % M0 OTHOIICHHIO K
IOKa3aTeNIsIM MHTAKTHBIX )KUBOTHBIX M )KUBOTHBIX ¢ AA
6e3 seueHusI.

3a BBICOTY IWIMHAPA NPUHUMAIN BBICOTY CYCTaBa.
Pagnyc nunmuHIpa pacCUUTHIBAIN KaK MOJOBUHY MINPHU-
HBI CyCTaBa, KOTOPYIO M3MEPsUIM BO (PPOHTAIBHOU ILIO-
ckoctd (R = % mmpuns! cyctaBa, MMm). O6beM paccum-
ThiBaiH 110 popmysie V = 1xR2xh, rie V — 06bem cycrasa
(Mm®), T — MaTeMaTHYECKasi KOHCTAHTA, OTPAKAIOIIAs OT-

HOUIEHHE [UTMHBI OKPY’KHOCTH K €€ AMaMETpy M COCTaB-
nset 3,14; R — paanyc OKpy)KHOCTH B OCHOBE HIWJIHHIPA
(%2 mmpuHEL cycTaBa, MM) h — BBICOTa TIHITHHpa (BBICOTA
CycTaBa B CAaTUTTAIBHON MIIOCKOCTH, MM) [39].

Bce akcniepuMeHTalbHbIE UCCIENOBAHUS HaJL J1a0o-
PaTOPHBIMH JKHBOTHBIMH TMPOBOJMJIA B COOTBETCTBHH
¢ TpeOoBaHMSAMH Hajjexameld 1abopaTopHOH mpak-
tuku (GLP) u ¢ cobnroseHreM OCHOBHBIX MOJOKEHUN
Kongenmm Cosetra EBpomsl 00 oxpaHe ITO3BOHOYHBIX
JKUBOTHBIX, HCIIOJIb3YEMBIX B JKCIICPHMEHTax M B JPy-
I'MX Hay4HbIX 1esix ot 18 mapra 1986 r., JlupexTussbl
Esporeiickoro mapiaamenta u Coera EC 2010/63/EC
ot 22 centsi0pst 2010 . 0 3ammTe KUBOTHBIX, UCIIOJb-
3yeMBIX U Hay4HbIX Lienei; npuka3 M3 Ykpaussl oT
14 nexabps 2009 . Ne944 «OO0 yTBepKICHUN TOpPsIKa
MIPOBENICHUS TOKJIMHUYIECKOTO U3YUCHUS JICKAPCTBEHHBIX
CPEJICTB U DKCIIEPTHU3bI MATEPHAJIOB JOKIMHIUYECKOTO U3-
YUEHHS JIEKAPCTBEHHBIX CPEJICTB» U 3aKOHa YKpPauHbI OT
21 ¢espais 2006 1. Ne3447-1V «O 3amuTe )KUBOTHBIX OT
xecTokoro obparenus» [40].
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Pucynok 2 — Oyenxa o0vema menKux cycmagog ¢ no-
MOWBIO 2E0MEMPULECKO20 MOOETUPOGAHUA
Ha npumepe NACHePaNanz06020 U RPOKCUMATLHOZO
Mexnchananzo06020 cycmasos 6mopozo nanvyd
3a0neii npasoli KOLEUHOCMU KPbICbl

Craructuueckass 00pabOTKa MOJYYCHHBIX PE3yJib-
TaTOB TMPOBEJECHA C HCHOJNB30BAHMEM TIPHKIIATHON
MpOTpaMMbl Ui paboTHl C 3NEKTPOHHBIMHU TabiHIa-
mu «Microsoft Office Excel 2003; 2013» (Microsoft
Corporation, CIIA) ¢ nmomoupto pacmmpenus «Real
Statistics» B cpeme Windows XP Professional (Microsoft
Corporation, CIIIA). OrieHKy XapaKkTepa pacipeeIcHust
BEJIMYMH B KaKIOH Tpymie BHIOOPOYHOW COBOKYITHO-
CTH TPOBOIWIM ¢ ucroib3oBanneM W-kputepus Illa-
mupo-Buika (Shapiro-Wilk test, n<50). OxHopoaHOCTh
JIMCTIEPCHI OTpeAeNsud mo Kputeputo Jlesena (Levene’s
test). [ns OLEHKM 3HAYUMOCTH BBISBICHHBIX pa3iiv-
YHUH HCCIIEAYEMBIX ITOKa3zaTeNeld IPH Pa3HBIX YCIOBHAX
9KCIIEPUMEHTa IPOBOAMIN CTATHCTHYECKHH aHaIHU3 C
HCIIOJIB30BAaHNUEM TTapaMeTPUUECKUX U HelapaMmeTphye-
CKHX KpuTepueB. [I0CKoIbKy BCe ncciienyeMble BeIndu-
HBI TIO[MHUHSUTICH 3aKOHY HOPMaJbHOTO pacIpeeieHus
(pacnpenenenue [aycca-Jlannaca), JOCTOBEPHOCTB pas3-
JHYHAA MEXTy HUMH ONPEACIISUIN MONapHO No t-kpute-
puto Creionenta. [lomydyeHHbIE 3HAUEHUS! CPABHUBAIHN
C KPUTHUYECKUMH IPHU YPOBHE JOCTOBEPHOCTH BBIIIE
95,0% (p < 0,05), Beimre 99,0% (p < 0,01), Beie 99,5%
(p <0,005) u Boimre 99,9% (p <0,001) u genanu BBIBOI O
BEPOSTHOCTH IOIPELIHOCTH.

[Ipn HeHOpMaNbHOM pacnpenesneHuH, o KpailHen
Mepe OJJHOH U3 TPYII HE3aBUCUMBbIX BEJIMYHH, PA3IHUHs
MEXy HUMH ONpeelisuld oNapHo 10 HerlapameTpuye-
ckoMy paHroBomy U-kputepuro Manna-Yutau (Mann-
Whitney).

J1J1s1 OLICHKH CBSI3M MEXIy MEPEMEHHBIMHU IIPH YCIIO-
BUHM HOPMAJIBHOIO PACHpEACNICHHsT BEIMYUH TPOBOAUIIH
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01HO(aKTOPHBIN KOPPESLUOHHBIN aHanu3 o [Tupcony
(Pearson) mim paHTOBBIN KOPPENSAIMOHHBIN AHAIH3 IO
Crmpman (Spearmen) mpu HEHOPMAJIbHOM pacrpesesie-
nud. Ilo 3HaueHnto abCONIOTHOM BENMYUHBI KOA(PPUIHM-
enta [Tupcona () nnu koddumenta Crimpmana (Q) xa-
PaKTEPU30BATH KOPPETAIMOHHYIO CBSI3b MO CIICMYFOIIIM
kputepusm: I < 0 — obparHas cBs3b; 0 < |o| < 0,1 — cB3b
orcyrerayert; 0,1 <|o| < 0,3 — cnabas; 0,3 <|0 < 0,7 — yme-
pennast; 0,7 <|o| < 0,99 — cumprast; 0,99 < |o| < 1 — monHas
(byHKIMOHANBHAS) M YKa3bIBAIM BEPOSTHOCTH OIIMOKH
(p) BBISIBICHHBIX CBsi3ell. XapakTep HAMPABICHUS CBSI3U
OTIPEICTISUTH B 3aBUCHMOCTH OT 3HaKa KO PHUITHEHTA KOp-
PEISLMK: TIPSMast CBSI3b MPH HOJIOKHUTENBHOM 3Hake (+) U
oOparHasi B Clydae OTPHIATEIBHOTO 3HaKa (—).

LludpoBble naHHBIE B ClIydae HOPMAIBHOTO pacIpe-
JIeJICHHs BEIMYMH NpUBeeHbI B Buae «M £ m» (M + SE),
rne M — cpennee apudmernueckoe 3uadenue, m (SE) —
CTaHJapTHAsl OMMOKA CPEeTHETO apu(PMETHIECKOTO HIIH
M (95% nosepurenbhbiii naTepsa (JJ1): 5%-95%) , roe
95% JIU1: — 95% noseputenbHblii uaTepBan (Confidence
interval — CH). Tlpu HeHOpPMAIbHOM pacrpe/IeICHUN
TIOJTyYeHHBIX BEJIWYMH JaHHbIC MPECTaBICHBI B BHIC
Me [LQ; UQ], tne Me — meauana [LQ; UQ] — Bepxwsist
rpanuna HiwkHero (mepBoro) kBaptuis (lower quartile —
LQ) u HmKHSSI TpaHWIla BEpXHETO (TPEeThero) KBapTHIh
(upper quartile — UQ).

Jlnst Tpaduyeckoro nmpencTaBieHus JaHHBIX BbIOpa-
HBI auarpammbl pasmaxa (box-and-whiskers diagram —
CAUYUK» OUASPAMMDBL € €ycamu»), Ha KOTOPBIX 0TOOpaxka-
JIMCh MAKCUMAIIBHOE 1 MHHUMAJIBHOE 3HAYCHHE B CITydae
HEHOPMAIILHOTO PACIPENCIICHUS] BEUYMH WM TPAHULII
95% moBepUTENBFHOIO MHTEpBaJa MPU HOPMAJIBHOM pac-
TIpe/IeNieHIH, WHTEPKBAPTIIBHEINA pasmax (Interquartile
range — IQR) B Buze Gokca ot 25-ro 70 75-ro mnepueH-
THJIEN Ip1 HEHOPMAJIBHOM PaCHpEaCICHUN BEJINYNH I
IPAaHHMLIBI CTAHIAPTHOW MOTPELIHOCTU CpeaHero apudme-
THYECKOrO MPU HOPMAJIBHOM PACIPECICHHH BETHYHH,
MeauaHy u/uim cpeiHee apugmMeTndeckoe sHadenue [41].

Pesynprare u o6cyxaenne. Ha 28 neHs sxcriepumMeH-
Ta TaToMOP(HOTOrHYECKOe HCCISJOBAHIE CHHOBUATBHON
o6omoukn (CO) roJeHOCTONHBIX CYCTaBOB AKCITCPHMCH-
TaJIbHBIX )KUBOTHBIX ¢ AA 6e3 JiedeH s MoKa3ano mpeood-
JJaJaHUE XPOHUYCCKOI'o MPOAYKTHUBHOT'O BOCIIAJICHUA CO
3HAYUTEIBHBIM NPOSH(EpaTHBHBIM KOMIOHEHTOM U Jie-
TCHEPATUBHO-AUCTPOPUICCKIMH H3MCHECHHSAMH XPSIIa
1 BOJIOKHHMCTOH COEIMHUTEJIBHON TKaHHU, OKpYXKarollen
CHHOBHAJIbHBII XPSILLI.

CyCTaBHaﬂ TIOBECPXHOCTH TCPsJia CBOU I'PAHUIIBLI, YaCTO
ObUTa ¢ HEPOBHBIMH KOHTYpPaMH, UMEINa Pa3INIHON TITyOn-
HBI IeeKThl, KoTopbie HaOmonammch y 60,0% KHBOTHBIX
¢ HenedeHHbIM AA. [ToduTr BO BCEX MCCIIEHOBAHHBIX IIpe-
maparax Xpsledl >KHBOTHBIX KOHTPOJNBHOW TPYIIIBI JKH-
BOTHBIX OOHAPYKEHbBI TPU3HAKK (POPMHUPOBAHHUSI MAHHYCA,
KOTOPBII MHOT/IA TOJTHOCTBIO MHBA3HPOBA XPSIL, 3aMeIIast
€ro COCJMHUTENBHON TKaHbIO (puc. 3). B mepuaptukysisip-
HbIX TKaHAX, HapAAdy € UX OTEKOM, OTMEYAJIaCh MaCCBHas1
KJIETOYHAS! WHUIBTPAIs, IPEUMYIIECTBEHHO JTNM(pOHI-
Hasi CO CKOTICHHUEM IUIa3MOIMTOB, THTAHTCKUX MHOTOSIIEP-
HBIX KJIETOK, (POPMHPYIOIIas TPaHyJIeMbl, KOTOPbIe OBLTH
OKPYKECHBI KOJUIATCHOBBIMH BOJIOKHAMH.
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Pucynok 3 — /lecenepamuenvie usmeHeHus Xpaua
¢ hopmuposanuem nannyca.
AA 6e3 neuenusn. 28 cymxu.
Okpacka zemamokcununom u 303unom, * 200

Bocnanurtenbable HHOWIBTPATH 4aCTO PACTIPOCTpa-
HSUINCH Ha JIEPMY, HHOT/IA JJaXke ¢ MHQHUIbTPALEH KOX-
HOTO TIOKpoBa. B oxomocyctaBHO# (HhHOpO3HOI TKaHU
KOJIJIATCHOBBIE BOJIOKHA (DOPMHUPOBAJIM IUIOTHO YITAKO-
BaHHBIC ITYYKH, MEKIY KOTOPBIMU ONPCACTIATIUCHE TOHKUE
MIPOCIIONKH PBIXJION COSTUHNUTEIBHON TKaHH C OJeJHOM
ANBIHAH-TTO3UTUBHOW OKpackoi. B cyOXoHIpambHBIX
y4acTKax PErHCTPUPOBAIM KIETOYHBIE MpoHdepaTs
¢ubpobIacToB, XOHIPOOIACTH M 00pPa30BaHMUS TOMOTEH-
HOT'O XpsAILIEBOrO Marpukca MeKIy HUMU. B 30Hax mpo-
nmdepupyroIKX XOHIpoOIacTOB U B MATPUKCE BBISIBIISI-
Jlach MHTEHCHBHAS AJIbIIMAH-TIOJIOKUTEIbHAST PEaKIHs.
B psize ciyuaeB Ha (poHE TOMOTEHHOTO XOH/IPOMYKOHIa
OTIpENeIUINCh 30HBI Tpoiudepannu Hu3koauhhepeH-
LUPOBAHHBIX XOHIPOOIACTOB AMOPHOHATIBHOTO THIIA C
OOJIBIIMM SAPOM U Y3KHM OOOJKOM IUTOILIAa3Mbl. MHO-
IJa 9TH KJIETKH Pacrollaraiich pajuajibHO, HHOTIA Xa-
OTHYHO. B 1ieHTpe KIeTOUHBIX CKOTUICHUH HaOIoNanuch
KHCTO3HBIC TIOJIOCTH M TPAaHYJIEMbI C sUCHKaMU HEKpo-
OMOTHUYECKNX M3MEHEHUH KJIEeTOK. B npyrux ydactkax
MofOOHBIE KJIETOUHBIE TMPONU(EPATHl OTCYTCTBOBAIIH.
Hapsany ¢ xiaetognsivu mponrgepaTaMy B OJHUX ydacT-
Kax NepHapTUKYISIPHON COEIMHUTEIBHON TKaH! HaOIII0-
JIalINCh KUCTO3HBIC TIOJIOCTH PAa3IMYHBIX pPa3MepoB, B
JpYTruX — (hparMeHTUPOBAHHbIC, OKPYIIIbIE OYary Xpsiie-
BO TKaHU ¢ abIIMaHO(MIBHON peakireil co 3HaINTeIb-
HOM JuCTpoduei Kak MaTpUKca, Tak U KIETOK (puc. 4).

CO cocTosina U3 yTOJIIEHHBIX CHHOBHAIBHBIX CKJIa-
JIOK 3a CYeT O4aroBoro paspacraHus (GuOpo3HOH, xu-
POBOM, MHOTJA TPaHYISIMOHHONW TKaHU ¢ AUpQy3HOH
BOCTIANIMTENbHON MHpMIbTpanuei. B Bopcunax CO no-
CTaTOYHO YacCTO BCTPEUAINCH OONBIINE CKOIICHUS M-
(hOUIHBIX 3TIEMEHTOB C OJMHOYHBIMU SMHUTEITUONIHBIMH
U TUTAaHTCKUMU MHOTOAACPHBIMU KIICTKaMH, MECTaMU
c03/1aBasi IPaHyJIEMBl.

OTMeuasnioch 0OJBIIOE KOJIMYECTBO THNEPTPOdu-
POBaHHBIX CHHOBHAJBHBIX BOPCHH, HEKOTOPBIE M3 HHUX
ObUTH y3KHME M YUIMHEHHBbIE, Apyrue yronmeHHsle. Ha
MHOTHX y9acTkax nmoBepxHocTs CO 1 BOPCHH TOKpPHITA
TOJICTBIM CJIOEM TPOJIU(PEPUPYIOIIUX CHHOBHOIMTOB,
KaK CEKpPEeTOpHOro, Tak u ¢arouurapaoro tumos. Crpo-
Ma UX ObUIa C OTEKOM 3a CYET yBEJIMYCHUS KOJINYECTBa
KHCJIBIX TJIMKO3aMHUHOTIIMKAHOB, YTO ITOATBEPKIAIOCH
MTO3UTHBHOM OKPACKOH MPH MCIIONB30BAHUH KOMOMHUPO-
BanHo# [IINK-peakiuu ¢ agpliaHoBBIM CHHUM (pHC. 5).

Pucynok 4 — Ouazoswvle CKONIEHUA ANbUUAH-NOTOHCU-
MEIbHBIX 6eU{ECHIE 8 NEPUAPMUKYIAPHOU
COCOUHUMETbHOU MKAHU ¢ TUMPO-NAAIMOYUMAPHOT
uHuILMpayueil u dezeHepamueHbIMU UIMEHEHUAMU
xpawia. AA 6e3 neuenusn. 28 cymxu. Komounuposan-
naa INTHK-peakyusa — anvyuanoswiii cunuii, X 100

Pucynox 5 — Hakonnienue Kucablx 2IuKo3aMuHo2u-
Kanoe (cunezo yeema) ¢ Quoposnou mxanu
CUHOBUAILHBIX 60PCUH, 0142064 NPOAUPepayus u
odeckeamauyus cunosuouumos. AA oes neuenusn.
28 cymku. Komounuposannas IHIIUK-peaxkyus —
anvyuano6ozo cunuii, * 200

Hmxe pacronoxeHHbIE XOHIPOIUTHI WMENH MTHKHO-
THYHBIC SI7IPa, YTO CBUJIETEILCTBOBAIO O JIOKAIBHOM IIO-
BPEXKICHUH CYCTaBHOTO Xpsia. B ommame ot ¢pudpo3HOit
TKaHu BopcuH CO, B XOHAPOLUTaX OTMEYAIN CHIDKEHHE
TIPOJYKIMH KaK KUCIIBIX, TaK U CYIb(aTHpOBaHHBIX IITUKO-
3aMUHOIVIMKAHOB, YTO OBIIIO XOPOILIO 3aMETHO P OKpacKe
TIpertapaToB OCHOBHBIM KOPHYHEBBIM. B mIyOoKmX oTnenax
CO ormpenensnock NOSBICHAE 09aroB BOJIOKHUCTOH COCIH-
HUTENFHON TKaHH € yJacTKaMu Tponudepanmu puodpoodia-
CTOB M MECTaMH KHCTOIOMOOHBIX MPOCBeTIeHuit (prc. 6).
KiteTkn BHyTpeHHero clost Xpsia Oblin Manonudhepes-
LIMPOBAHHBIMH, HAITOMUHAJIM XOH/IPOLIUTHI, OJTHAKO TEPSUTH
OPTOXPOMAaTHYECKNE OKPACKH, THITMYHBIC TS INKO3aMH-
HOIIMKaHOB THAJIMHOBOTO XPSIIA.

XpsimieBble MOBEPXHOCTH HEKOTOPBIX CyCTaBOB
ObutH 1e()OPMHUPOBAHBI 32 CUET CHUHOBHUTA, I'PAHUIA
MEXAY XPSIIOM M COEIMHHUTENILHOI TKaHbIO OblIa MoY-
TH He3aMeTHOW. Ha Tex moBepXHOCTSX, T/e Xl Heno-
CPEIICTBEHHO KOHTaKTHPOBAJ C CHHOBHTOM U IIAHHYCOM,
OH YTOHYEHHBIH, TEpsIT XapaKTepPHOE 30HAILHOE PACIIO-
JIO)KEHHUE XOHIPOLIUTOB.
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Pucynok 6 — Yuenvuienue Konuuecmea Kucivlx
U CynbhamuposanbIx 2NUKO3AMUHOTUKAHOE
6 XpAue6oll MKAHU, KUCMON000OHble RPOCEenieHus
6 OKpydHcalouieil Cycmag coeOuHUmenbHol MKanu.
AA be3 neuenusa. 28 cymku.
Ocnosnoit kopuuneasiii, x 100

Bosplie y4acTku CyCTaBHOH IOBEPXHOCTH ObUIH
MIPAKTHUYECKH JIMIIEHBI XPSAIIEBOr0 MOKPOBA U BHICTIIAHBI
TpaHy/SIIUOHHON 1 (uOpOo3HOH TKaHBIO. BOokpyr rpany-
JSIMMOHHOM TKAaHH, KOTOpasi BpacTaja B XpsIL, OTMEYalIH
3aMEIIEHNs] er0 BHOBb OOPa30BaHHBIMH KOCTHBIMH Oa-
KamMu wiu (pubpo3Hoi TKaHbIO. MecTamu cycTaBHas mo-
BEPXHOCTh Ha OOJNbINEH MM MEHBLICH MPOTSKEHHOCTH
aOCOJTIOTHO JIMIIIANIACH XPAIICBOTO OKPOBA M 3aMEIalach
TpaHyJSIMUOHHOH, (PUOPO3HON WITH JKUPOBOH TKaHBIO, 3a-
TIOJTHSIBIIIMX MHOT/IA ¥ KOCTHO-MO3TOBBIE IIPOCTPAHCTBA.

Sueiikn TpaHYNTAIMOHHOW TKAaHW HAOIIOMAINCH B
OCHOBHOM B NPOMEXKYTOUHBIX U IIyOokux 3oHax CO
U COCTOSUIM, IVIaBHBIM 00pa3oM, M3 Kalwuisipos, ¢u-
6po0IacTOB, THCTHOLUTOB, JUMQOIMTOB ¥ OTACIBHBIX
MHOTOSIZIEPHBIX KJIETOK. B IIEHTpaNbHBIX OTAETaX TaKuX
MH(UIBTPATOB OTMEYaJIM JETeHEpaTUBHbIC M3MEHEHHS
OCHOBHOTO BEIECTBA, KOTOPOE OBIIIO OKPY’KEHO COEAH-
HUTEIPHOTKAHHBIMHA BOJIOKHaMHU. IIpu okpacke cpe3oB
0 BaH-IM30HY CKJIEPOTHYECKH HM3MEHEHHbBIE YYacCTKH
KPACHJIMCh B KPACHBIN LBET (pHC. 7) U OBUTH 0YaroBo Io-
JIo)uTeNbHbIe pu ucnonb3doBanuu LNK-peakuunn.

Bo MHorux ciydasix Kak B BOpCHHaX, Tak U BO BCEH
CO, BbIBISUICS BBIpAXEHHBIH (PUOpPO3 C yMEHBIICHU-
€M KOJIMYECTBA KJIETOYHBIX 3JIEMEHTOB. BHeIHuil cioi
Karcyspl CycTaBa ObLI MPEICTaBlIeH IPyOOBOJIOKHUCTOM
IUIOTHOW (PMOPO3HON TKaHBIO C HAJIWYMEM OYaroB XKH-
poBoii Tkanu. KosiareHoBbIe BOJIOKHA CIMBAINCH B IIH-
POKHE TOMOTEHHBIC TSDKH M3BMIIMCTOH (hopmel. Hepenko
BCTPEYAINCh yYAaCTKU MX THAIMHHU3ALMN WIH HEKpOo3a C
rubenpo KIeToK, (puOpmiIsueil BOJIOKOH M HakoIuie-
HHUEM MEJIKHX OKCU(HIbHBIX KOMOYKOB. KiteTouHsle aiie-
MEHTBI ONpPEACISUINCh B MajloOM KOJIMYECTBE M ObUIH
IPE/ICTABIICHBI, B OCHOBHOM, HHTCHCHUBHO OKPAIICHHBIMH
¢udporTaMn CO CMOPILEHHBIMU U BBITSHYTBIMH SI/Ipa-
M. [Ipy nCoab30BaHUN THCTOXMMHYECKOTO METOJIA 110
BaH-1 M30HY KOJITareHOBBIC BOJIOKHA M CTEHKU COCYIIOB
nipuoOpeTainu Oosee SiPKUil KpaCHBIN L[BET.
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Pucynok 7 — I'panynayuonnas mkans ¢ 6onbuium
KOlu4ecmeom Kanuinapos u nepugacKynapHuim
paspacmanuem uopo3HBIX 60710KOH, EOUHUYUHDBIE
MHozosoepuste Kknemku. AA 6e3 newenusn. 28 cymxu.
Oxkpacka no éan-I'uzony, x 100

[NNK-peaknys KOIareHOBHIX ITyYKOB ObIJIa HEPaB-
HOMEPHO#. XpsIIeBble KICTKHA ObUIM Pa3HBIX pPa3MEpOB
— OT MEIIKHUX C MOPIIMHHCTBIM SIIPOM JI0 OONBIINX CO
CBETJILIMH, HaOYXILIUMHU siZipaMu. B OTAEIBbHBIX XOHIPO-
LUTAaX si7jpa He MPOSIBISUIUCH, IIOCKOJIbKY OBIIM CMOpIIIe-
HBI ! PAacIoNarajinch B BUE MOIYMECALEB MO/ KaICyIoH
cycrasa.

B omiuuune ot HeneueHHOro AA y KpbIC, KOTOPBIM
npuMeHsii noynpoden u udynpodeH ¢ BUHOOPOHOM
IpaHy/ISIIMOHHAS TKaHb HA JAHHOM IIEPHOJIE HCCIIEI0Ba-
Hust (28 CyTOK) He MPOSIBIISLIACK.

B rpynne AA, nedennoro uOynpogeHoM B miry0o-
kux otaenax CO perucTpupoBaId 3HAUUTEIHFHOE KONU-
4E€CTBO BOJIOKHUCTOM COCIMHUTEIIBHOM TKaHU C O4araMu
nponudeparun hpudpodmactoB. Odpamany Ha ceOs BHU-
MaHHE M 04aroBble N3MEHEHHUSI B KPOBEHOCHBIX COCY/IaXx,
MIPEUMYILIECTBEHHO apTepUaJbHOIO THIIA, B KOTOPBIX
OTMEYaH YTOJIICHNE MHTHMBI 33 CUET Mposudepaun
9HJIOTEIHSI, TOMOT€HH3allui MBIIIEYHOTO CJIOsl, TIepHBa-
CKYJISIDHBIN CKJIEPO3.

Mopdomerpudeckuii aHaiu3 KJIETOYHOTO COCTa-
Ba BocmanuTenbHbIX HHQHUIBTparoB CO y kpbic ¢ AA
0e3 JleueHMs YCTAHOBMIJI CTAaTHUCTHYECKH JOCTOBEPHOE
(p < 0,05) npeobaganue TUMQPOIUTOB, FMUTESITHONTHBIX
KJIIETOK IUIa3MOIIMNTOB M Makpo(haroB Haa APYTUMH Kile-
TOYHBIMHU 3JIEMEHTaMHU. Tak, KOJIMYECTBO JMM(OLUTOB
obut0 yBenuueno na 232,5 + 40,8 % (6086,0 + 674,5;
95% JIN: 4763,7-7407,4 en1.), SUMTETMOUIHBIX KIIETOK Ha
14,3 [7,1-105,4] % (800 [800-1400] ex.), mia3mMoKUTOB
Ha 271,5+ 97,1 % (986,0 + 82,9; 95% JI1: 823,3-1148,2
en.), makpodaros Ha 255,7 £ 55,7 % (1228,6 *+ 60,6;
95% J1M: 1109,9-1347,4 en.) B cpaBHEHUM C TIOKa3aTe-
JIIMU MHTAKTHBIX KPBIC Ha 28 CHb SKCICPUMEHTA, UTO
CBHJICTEILCTBOBAJIO O XPOHM3AIMN U IMMYHHOM Xapak-
tepe Bocnanenus (puc. 8 A, B, C, K).
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PucyH()K 8 — ITnomnocme KiemouHblx 271eMeHNO06 CUHOBUAIbHOIL 000/104KU 20/1€HOCHIONHO20 cycmaea Kpic
(u3 pacuema na 1 mm?) npu aoviosanmnom apmpume na 28 cymku IKcnepumenma
[Ipumeuanus:
e — p < 0,05 oTHOCUTEBHO UHTAKTHBIX )KHUBOTHBIX,
m — P < 0,05 oTHOCHTENBEHO KOHTPOJIBHBIX KMBOTHBIX,
A —p < 0,05 oTHOCHTENBHO IPYIITEI MOHOTEPAITUH HOYTIPO(GEHOM;
st puc. 8 A, B, C, E, L — pacnipenesieHne BeJIUYMH KaXKI0i TPYIITbI BEIOOPOYHOIT COBOKYITHOCTH HOpMasibHOE. BOKCHI BKJIIO-

YaloT 3HAYCHHE CTAHIAPTHON OMIMOKU CpefHero apu(pMeTHIEeCKOro, BepTHKAIbHbIC IMHUH 3a rpeaenamMu 6okcoB — 95 % nosepu-
TEJIbHBIA MHTepBaI. [OpU30HTANBHAS JIMHUS ¥ YHCIIO BHYTPH OOKCa — CpeiHee apu(pMeTHIecKoe 3HaYCHHE;
s puc. 8 D, F, K — pacnipeneneHue BeTHYrH HEHOPMaJIbHOE. BOKCHI BKITFOYAIOT Pe3yiIbTarhl OT 25-T0 10 75-T0 MepIeHTHIICH,

BEPTUKAJIbHBIC JIMHUU 3a NTPEACTIaMU OOKCOB — MMHUMAJIbHOE ¥ MaKCHMMaJIbHOE 3HAUYCHUE. rOpI/I3OHTaHI>Haﬂ JIMHUSA BHYTPU Ookca
— MCJIMaH, IlI/I(i)paMI/I YKa3aHO Cpe€aHEeS apI/I(bMeTI/I‘IeCKOG 3HAUYCHHC.
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Hapsany c¢ aumdormrapHoit U MakpodarainbHON
HHOUIBTpAIMEeH CIeAyeT MOAYEPKHYTH OCTOBEPHOE
(p < 0,05) yBenuueHwe KOIMYECTBA TKAHEBBIX 0a30-
¢umos (+ 150,0 [123,8-237,1] %) u ¢ubpodracros
(+ 63,2 [40,0-88,3] %) B crpome CO — 350,0 [300,0-
425,0] en. m 2100,0 [1525,0-2200,0] exn. cooTBEeTCTBEH-
HO, [0 CPaBHEHHUIO C TIOKA3aTeISIMU JKHBOTHBIX JIPYTHX
rpymm (cum. puc. 8 D, F). BosbIas gacts TkaHeBbIX Oa-
30()MITOB HAXOMMIACh B aKTHBHOM COCTOSIHHM, O HYeM
CBHJICTEIICTBOBANIA UX JICTPAHYJISAIHS, KOTOPAs XOPOIIIO
MIPOSIBIISIIACh BOKPYT cocynoB cTpombl CO mpu okpacke
OCHOBHBIM KOPUYHEBBIM (pHcC. 9).

Pucynok 9 — Tranesvie 6azoghunsvl 6 cocmosanuu
odezpanynayuu 60kpyz cocyoos cmpomot CO.
AA 6e3 neuenusn. 28 oneii.

Ocnoeénoit kopuunessiit, x 400

Kak BunHO U3 prucyska 8, B CO Habiromanach 3Ha4H-
TeJbpHas Tponudepanus GuopoOIacToOB, IPH ATOM KOJIH-
YECTBO UX 110 JaHHBIM MOP()OMETPHUECKOTO HCCIIEN0BA-
HUSI BO3POCIA BO BCEX UCCIIEAYEMBIX IPYIIIAX.

B rpymme xpbic ¢ AA, nedeHHbIX HOynpoheHom, psi-
JIOM C y4aCTKaMH JIeTeHEepaluy CyCTaBHOTO XPsIIla BCET-
Jla COXPaHSINCh MaJION3MEHEHHBIE €r0 YYacTKH, OOBIYHO
CBOOOIHBIC OT CHHOBHAJIBHOTO NaHHyca. JIumpo-rucrtu-
OLUTApHbIE WMH(UIBTPAThl HE BBIXOAWIM 3a MpPEEIbl
OKOJIOCYCTaBHOM COEIMHUTENIbHON TKaHH.

VY SKCHepUMEHTAJIbHBIX )KUBOTHBIX ¢ AA, KOTOPHIM
BBOAWIM MOynpodeH Ha 28 CyTKH OTMeYaau yMepeH-
HOE BOCMAJICHHE B IEPUAPTUKYISIPHOW COCAMHHTEINb-
HOUW TKaHH, MHOT/JA ¢ (pOPMHUPOBAHUEM DIIUTEIHOUIHOM
U TUT@HTOKJICTOYHOH TIpaHyJeM, paccTpPOHCTBO KPOBO-
oOpallleHHs, CTa3 B COCyAaX MHKPOLHMPKYISTOPHOIO
pycila ¢ HE3HAYUTENIbHBIM TEPUBACKYJSIPHBIM OTEKOM.
[ToBepxHOCTHBIE NE(EKThI XPAIIEBON TKAaHH OBIIH OTMeE-
yeHbl y 10,0% >KUBOTHBIX, JIGUEHHBIX HOYyNPOpEeHOM, U
MIPaKTHYECKH HE OKA3bIBAJIUCH B IPyIilie KOMOMHUPOBAH-
HOTO IpUMEHeHHs1 nOynpodena u BuHOOpoHa. KoskHbIH
IIOKPOB UMEJT OOBIYHYIO THCTOJIOTHYECKYIO CTPYKTYPY Y
80,0% skcrieprMeHTAIbHBIX )KUBOTHBIX, JICYCHHBIX HOY-
npodenom, 'y 90,0% kpbic, KOTOPBIM BBOAMIN HOYTIPO-
(eH 1 BUHOOPOH.

MHUKpOCKOTIMYECKH y KPBIC TPYIIBI MOHOTEPAITUH
nOypodeHoM U rpynIbsl KOMOMHUPOBAHHOTO NPUMEHE-
HUs HOynpodeHa M BHHOOPOHA, TAKKe XapaKkTepHO (hop-
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MHUpPOBaHHUE MaHHYCA, OJHAKO MHTEHCHBHOCTH (UOPHII-
JoreHe3a Obla 3HAYMTENBHO MEHBIIE MO0 CPABHEHUIO C
HeJleueHHBIM A A, 9TO MOATBEPKIAJI0Ch JAHHBIMU MOD-
(domerpuyeckoro ucciaenoBanust (cM. puc. 8), mHOIIa
BCTPEYAINCH HEOONBIINE YIACTKH, T/I€ COCIMHUTENbHAs
TKaHb IUIOTHO CpacTajach ¢ XpsweBoil. M3peaka BbisiB-
JISUTA He3HAYUTENbHBIC MO JUTHHE OSCKIETOYHBIE y4acT-
KM M Y9aCTKHU C OYEHB y3KUM XPSIIIOM, TJI€ XOHIPOIUTHI
pacrionaraiuch ToJIbKO B 2-3 psiia. B ormmuuum oT He-
JIeueHHOTO AA KHCIbIe U Cylb(aTHpOBaHHBIE TIINKO3a-
MUHOIJIMKAHBI TIPH OKPAcKe MpPernapaToB ajJbIIMaHOBBIM
CHHUM B coeauHuTeIbHOU TKaHU CO MpakTHYEeCKU HE
BBISBIISUIMCH, OTHAKO, KOJMYECTBO MX YBEIHYMBAIOCH B
XPAIIEBOIl TKAHU, YTO OATBEPKAATIOCH TOJIOKUTETHHOM
peaxieil mpyu UCIOIb30BAaHUH OCHOBHOTO KOPHYHEBOTO
(puc. 10, 11).

Pucynox 10 — Hesnauumensnas aumgpoyumapnasn
UHDUILMPAUUA CUHOBUATILHOIL 60PCUHBL C PUOPO30OM
CMPOMbL U HEDONLUIUM KOTUYECHIBOM
2IUKO3AMUHO2TTUKAH08. AA, Neuennblil udbynpoghernom.
28 cymxku. Ocnosnoui kopuuneswtit, * 200

Pucynok 11 — Yeenuuenue xonuuecmea Kucivlx
U CynbhamuposannbIX 2IUKO3AMUHOTUKAHOE
6 xonopoyumax. AA, neuennstii udbynpoghernom

u unooponom. 28 cymxu.
Ocnoenout kopuunesstit, x 100

Y KpbIC, KOTOPBIM MPUMEHSTH HOYTIpo(heH B KOMOH-
Hallii ¢ BAHOOPOHOM, KOJJIAar€HOBBIE BOJIOKHA (hprOpo3-
HOW NEPUAPTUKYIIIPHOM TKAHU COEAMHSIUCH B TOJICTHIE
Iy4YKH ¥ TOMOTeHHM3MpoBaiuck. Ouarn Jumdo-riazmo-
LUTApHOW WHQWIBTPAUK PETHCTPUPOBAIHNCH PEIIKO.
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Yarme Bcero BCTpevyasnich HHOUIBTPATHI U3 KIETOK (u-
Opo- u rucTHOIUTapHOTO psiaa. [lo cpaBHEHUIO ¢ TPyII-
ol HenedyeHHOTO AA n AA, jeueHHOTo noynpodeHom,
B XpsiIle HaOIIOJATNUCh MEHEE BBIPAKCHHBIC JIereHepa-
TUBHO-TUCTpOQHUYECKHE U aTpO(UUECKUE H3MEHEHHS.
B 6a3zanpHBIX OoTAenax Xpsiia MPOUCXOIAMIIO YCHUIICHUE
CKJICPO3MPOBAHUS MEKKICTOYHOTO BEIIECTBA U THOENb
kieTok. baszajbHble OT/ENBI XpAla U CYOXOHAPATBHOM
TUTACTHHKHM YacTO OCTaBaJINCh HEpa3pyIIeHBl U BpacTa-
HUS COCYJIOB B XPSII CO CTOPOHBI KOCTHO- MO3TOBBIX T10-
JI0CTeH MPaKTUYECKU He HAOII01aI0Ch.

VY 3KCHEepUMEHTAIbHBIX KHMBOTHBIX ¢ AA, KOTOpPbIC
mojydand uOynpopeH B KOMOWHAIIMH C BHHOOPOHOM,
Ha 28 eHb AKCHEPUMEHTa YCTAHOBJICHO CTATHCTUYECKH
nocrosepHoe camkenue (p < 0,05) konuuecTsa TuMboun -
HBIX dJieMeHTOB Ha 63,6 + 3,3% (95% JI1: 57,2-70,1%)
OTHOCHTEJIbHO TIOKa3aTelnei Kpbic ¢ AA 0e3 JieueHus U Co-
crasysio 2128,6 + 198,5 (95% JIM: 1736,6-5185,0) exn.,

yro smib Ha 19,8% npeBbliano mokazaresii MHTaKTHBIX
kpsic (1971,4 + 280,9 (95 % IAN: 1420,9-2522,0) ex.).

YMeHbIIEHHe HHTEHCUBHOCTH BOCIAJIUTEIbHON HH-
¢unpTpar CO ObUTO 3apEeTHCTPHPOBAHO U MPH OIICH-
K€ IUIOTHOCTH JPYTHX BOCIAIHTEIBHBIX HIEMEHTOB (CM.
puc. 8). TkaneBbie 6a30(MIBI, Kak W HEUTPODHIBHBEIC
JIEHKOLUTHI BCTPEYAIINCh PEIKO, B OCHOBHOM BOKpYT CO-
CYIOB, YTO MOXXET CBHJETEIHCTBOBATh 00 YMCHBIICHUH
CHHTE32 U BBICBOOOXKACHMS MEAHATOPOB BOCIAJICHUS
(cepoTOHMHA, THCTAMUHA) U3 TKAHEBBIX 6a30(UIIOB.

JlyueBoe uccrenoBanme MoKa3ao, 4to Ha 28 CyTKU
SKCTIEPIMEHTAa y KpbIC ¢ AA 0e3 JIedeHUs] 0TMEeYaIoCh
THIIEPIKCTEH3MUS MPOKCUMAITBHBIX (DaIaHT CO CTHOAHNEM
B IPOKCUMAJIBHBIX MEX(alaHTOBBIX CycTaBaX M pasrH-
0aHHEM B JAUCTAIBHBIX MEX(aJaHTOBBIX CyCTaBax, YTO
o0ycoBnmMBaiIo0 (OPMHUPOBAHUE KIACCHUECKUX IS PEB-
MaTH4YeCKOI0 IIOpa)KeHHs1 H3MEHEHU I — «MOJIOTKOOOpa3-
Hoi» nedopmarnmu |-V nmaneres (puc. 12).

Pucynok 12 — Penmezenozpammul 3a0HUX KOHEUHOCHEN KPBIC C AOBIOGAHMHBIM APMPUMOM €3 1eueHUs
Ha 28 cymKu IKCHepuUMenma é nPAMOU RPOeKyuuU.

Mo nannbmv KJIKT cyOmnanraprast nHokymsinust CFA
NpyBeia K YBEJIMYEHHIO 00beMa BCEX CYCTaBOB 3ajIHHX
koHeuHocTeit moutn Baoe (+ 90,1%) oTHOCHTENBHO MOKa-
3aTeNeil MHTAaKTHBIX Kpbic. Hanbompimii mpupoct oobeMa
ormevasicst B | n V 3aruiecHa-TumOCHEBBIX CyCTaBax COOT-
BercTBeHHO Ha 142,6% (p < 0,001) u 162,0% (p < 0,01)
OTHOCHTENIBHO 3HAYCHHI MHTAKTHBIX JKMBOTHBIX. Cpemu
TuTIOCHE(haTaHTOBBIX CYCTaBOB OTYETIIMBO BHIPOCIH O0OBE-
Mol | 11V mumrocHe(ha1aHroBBIX CYCTaBOB — COOTBETCTBEHHO
na 130,6% (p < 0,005) u 133,5% (p < 0,001) orrOCHTEB-
HO MOKa3arenell MHTaKTHBIX JKMBOTHBIX. HanMeHbIme u3-
MEHEHHs] 00beMa CyCTaBOB 3aJHUX KOHEYHOCTEH y KpbIC
OBbLIO OTMEUYEHO B MeX(aJlaHTOBBIX CyCTaBaX, a CPeIHUH
pUpoCT 00beMa cocTaBull 52,7% OTHOCHUTEIBHO Paccyu-
TaHHBIX 00BEMOB CYCTABOB 37I0POBBIX )KUBOTHBIX (TalI. 1)

Ha ¢one koMOMHMPOBaHHOTO MPUMEHEHHSI HOYTIPO-
(ena 1 BUHOOpOHA HAMM OBUIO OTMEUYEHO HanOOJIbIlEe
3aMeJyIeHHe MPOTPEeCcCUPOBAHMS BOCTIAIMTEIILHOTO TIPO-
necca. Ha 910 yka3plBaio yMeHbIlIeHHE 00beMa cycTa-
BOB Ha (hoHE KOMOMHUPOBAHHOTO JICUCHHS KPbIC ¢ AA B
cpenreM Ha 33,8% OTHOCHTENBHO MOKA3aTeICH KUBOT-
HBIX KOHTPOJIBHOM TPYIITIBL.

Xapakrepusyst COCTOSIHHE CYCTaBHBIX ILENIeH 3a/IHIX
KOHEYHOCTEH y KpbIC, CIEAYEeT OTMETHUTh, YTO Pa3BUTHE
AA mpuBen K 3HAYUTEIBHOMY YMCHBIICHHIO HIMPHHBI
CYCTaBHBIX Iejiel B cpemnHeM Ha 58,8% oTHOCHTEIBHO
3HaYE€HUH MHTAKTHBIX )KUBOTHBIX. JTO COIVIACYETCSI C JIaH-
HBIMH JINTEPATYPbI 00 M3MEHEHUIX CTPYKTYPHOU OpraHu-
3alliK CYCTaBOB MPH PEBMATOMIHOM aptpute [2, 36-37].
Crout ormetuth, uto B | 1 |l mtocHedananrossix cycra-
Bax M IPOKCHMAaIbHOM MeX(aslaHroBoM cycrase | manbia
CTOINBI HAMK OBLT BEISBJIEH MOJHBIA aHKWio3, a B 1=V
TuIeCHO(AJIAaHTOBBIX CyCTaBax INUPHHA CYyCTaBHOH IIEIb
He npesbimana 0,2 MM, 4To 00Jice YeM BIBOE OBLIO HIKE
MOKAa3aTesIi HHTAKTHBIX )KUBOTHBIX (cM. Tad. 1).

Ha ¢one moHoTepamuu uOynpodeHoM ObLIO OTME-
YEHO YBEJIMUYCHNUE IIMPUHBI CyCTaBHOH I1IEJIN BCEX CycTa-
BOB, OIHAKO Ha ()OHE KOMOWHHMPOBAHHOTO NPUMEHEHHS
nbynpodena 1 BUHOOpPOHA HAMU OBUIO OTMEUEHO Oosiee
OTYETJIMBOE YBEJIMYCHUE IIMPUHBI CYCTaBHBIX MIENCH,
KOTOpasi MPAaKTHYECKH COMOCTABIISIIACH C TIOKA3aTeIISIMH
MHTAKTHBIX )KUBOTHBIX, YTO YKa3bIBacT HA CIIOCOOHOCTD
BUHOOpOHA YCHJIMBAaTh MPOTHBOBOCHAINTEIbHBIE CBOM-
cTBa HOynpodena.
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Y MHTaKTHBIX KPBIC MEXy OOBEMOM CYCTABOB U IIIU-
PUHOM CyCTaBHBIX LIEJIEH 3aJHUX KOHEYHOCTEH OTMeue-
HO yMepeHHast KoppersiionHas csa3b (o = 0,373 = 0,10;
95% JIN: 0,17-0,57). Passutne AA y KpbIC MPHUBENO K
camkennto (p > 0,05) snavenus xkoadduimenra Crup-
Mmana () Ha 23,0% OTHOCHTENIHLHO OKa3aTe/icii HHTAKT-
HBIX KPBIC U OH cocTaBui cooTBeTcTBeHHO 0,282 £ 0,05;
95% JIN: 0,19-0,38, uTo yKa3pIBacT HA CHIYKCHUEC CHIIBI
koppemsiiuonnsix  cszeir (CKC) mexnay wuccremye-
MBIMH TIOKazarensiMu. Monorepamus AA wubynpode-
HOM TpuBeNa K He3HauuTenbHoMy yBenumuenuto CKC
(0=0,295 + 0,04; 95% J111: 0,21-0,38). KomOuuupoBan-
HOe IpuMeHeHne ndynpodena u BUHOOPOHA MPUBEIO K
Boccranosnenuio (p > 0,05) CKC mexay oObeMOM Cy-
CTaBOB W MIMPHHOU cycTaBHbIX Mienei (o = 0,365 + 0,09;
95% J1U: 0,20-0,53), uro yKa3siBaeT Ha rapMOHU3ALMIO
MIPOTHBOBOCTIATMTENBHOTO JEHCTBUA HOympodeHa mpu
€ro COBMECTHOM NMPHUMEHEHUH CO CHa3MOJIUTUKOM yKpa-
WHCKOTO IIPOM3BOJICTBA, KOTOPOMY TPHUCYIIHE MOJIUTPOII-
Hble (hapMaKoIOrnyecKkue CBONCTBA.

3akuouenne. [IpoBenieHHOE HCCIIEAOBaHUE MOKa-
3aJ10, YTO Y DKCHEPHUMEHTAJbHBIX JKUBOTHBIX C HEJICUCH-
HbIM AA Ha 28 neHb JKCHEPUMEHTa MaTOJIOTHYECKUE
W3MEHEHHs PErHMCTPUPOBAIHMCh NPEHUMYIIECTBEHHO B
Karcye CyCTaBOB C XapaKTepHOH (pHOpPO3HO-KUCTO3HOM
TpaHchopMarent mepuapTUKYIIPHON COCAMHUTETFHON
TKaHH, 00pa30BaHUEM ITaHHyCa B XPSIIEBOW TOBEPXHO-
cti cycraBoB. IlaromMop¢osoruueckoii 0COOCHHOCTHIO
HeneueHHOTO AA, Hapsany ¢ oOpa3oBaHHEM IaHHYCA,
nuddysHoi umdorucTuouTapHol HHOUIBTPALUEH U
JIECTPYKIMEH KOCTHOW TKaHM, TaKKe OBLIO BBISBICHUE
IpaHyJISIIMOHHOI TKaHHM Ha JIAHHOM CPOKe HaOJIO/IeHNS,
YTO CBUJIETEIBCTBOBAIIO O XPOHMUYECKOM XapaKkTepe Boc-
NaUTENFHOrO OTBETa W HapYIICHHE pPEreHepaTopHBIX
CBOMCTB CHHOBHAJILHOT'O DITUTEIHS.
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[Mpumenenue ubynpodeHa B KOMOMHAIIUK ¢ BUHOO-
POHOM COIPOBOXK/IAIUCH BOCCTAHOBJICHHEM CTPYKTYPbI
1 (QyHKIIMM XpAIIEBOW M KOCTHOM TKaHH, O YeM CBHUjE-
TEIBCTBOBAJIO TMOSIBJICHHE KHCIIBIX U CYIb(aTHPOBaHHBIX
[JIMKO3aMHHOIIMKaHOB. BoccTaHOBIIEHHE KOCTHON TKaHH
pean30BbIBAIIOCH TIYTEM pa3pacTaHusi COCANHHUTEIbHON
TKaHU U Tpancopmaimu ee B xpsiny. CO ObLia rumnepria-
3UPOBAHHOM C MPOIU(PEPUPYIOLIMMHI CHHOBUOIIUTAMH KaK
MakpoQarajgbHOrO, TaK U CEKPETOPHOTO TUIOB. TONBKO B
PEIKHX CITy4asiX COXPaHsJIMCh SIBJICHHSI YMEPEHHOTO OTe-
Ka M HE3HAYMTENbHAs O4aroBasi JTMMQpOTUCTHOLUTAPHAS
uHpuisrpams. Takum o0pa3oM, TpUMEeHeHHE HOYIpOo-
(eHa B KOMOMHAILIMK C BUHOOPOHOM y KpbIC ¢ AA mpuBO-
JIMJIO K YMEHBIICHHIO HJIM OTCYTCTBHIO BOCIIAJIICHHUS KaK B
CyCTaBe, TaK U B IIEPUAPTUKYJISIPHBIX TKAHSIX.

AHanu3 pe3yNnbTaToB KOHYCHO-Ty4€BOI KOMIBIOTEP-
HOM Tomorpaduu U UdpoBol peHTreHorpaduu noka-
3aj, 4To Ha (poHE OJHOBPEMEHHOI0 BBEICHUS HOYIpO-
(eHa U BUHOOPOHA OTMEYAETCSl TCHACHIIMS K YCUIICHHIO
[IPOTUBOBOCIIAIUTEIBHOTO  JICUCTBHUSI  MCCIIEyEMOTO
AQHTU(IIOTUCTHKA HAa TOPAKEHHBbIC aJbIOBAHTHBIM ap-
TPHUTOM CycTaBbl Kpbic. Ha 3T0 yka3piBano yMeHbIlIeHHE
Ha 28 CyTKH dKCIIEpUMEHTa 00beMa CYCTaBOB 3aHUX KO-
HeuHocTeH B cpenHeM Ha 33,8% OTHOCHTENIBHO TOKa3a-
TelNeil KOHTPOJIBHBIX KUBOTHBIX U MPAKTHYECKH MOJTHOE
BOCCTAHOBJICHUE IIMPHHBI CYCTABHBIX ILENICH HCcclenye-
MBIX CyCcTaBOB. Taike yCTaHOBJICHO, YTO BUHOOPOH CHO-
cO0€H rapMOHU3UPOBATh NMPOTHBOBOCIIAIUTEILHOE JICH-
cTBHE MOyNpodeHa Mpu X COBMECTHOM TIPUMEHEHHUH.

BaaromapHocTi. ABTOpHI BBIpaKaroT Oiaromap-
HOCTh 33 KBAUIU(DHUIUPOBAHHYIO MOMOIIIb B ITPOBEICHUH
PEHTICHOJIOTHYECKUX HCCIISIOBAHUN aCcCHCTEHTaM Ka-
(benpsl paguoaOTHK M PaAMAIMOHHON MeauiuHbl VBa-
HO-DPaHKOBCKOTO HAI[MOHAJIBHOIO MEAUIIMHCKOTO YHH-
Bepcutera [Torpebennux S. . u FOpkesuuy b. E.
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Introduction.  Non-steroidal  anti-inflammatory
drugs (NSAIDs) are the main class of medicines used in
rheumatology. Suppression of inflammation is one of the
main tasks of pathogenetic therapy of rheumatic diseas-
es, since it is with a chronic inflammatory reaction that
the progression of irreversible structural changes in the
joints is associated [1, 2]. In the anti-inflammatory effect
of NSAIDs, blockade of cyclooxygenase, a decrease in
the synthesis of prostaglandins, an anti-bradykinin ef-
fect, a reduction in the permeability of the vascular wall
are considered important. NSAIDs inhibit free radical
reactions, stabilize lysosomal membranes, prevent the
release of lysosomal enzymes, prevent the activation of
immunocompetent cells in the early stages of inflamma-
tion, reduce energy metabolism, fibroblast division and
collagen synthesis, reduce the severity of hyperergic in-
flammation, hyperemia, edema, pain, the degree of tissue
destruction [1, 2].

However, the achievement of the structural and
modifying effect of NSAIDs in rheumatic diseases -
suppression of ectopic ossification through inhibition of
osteoclast activation, neoangiogenesis and enhancement
of cellular apoptosis — is possible only when adminis-
tered in submaximal / maximal therapeutic doses and
for a long term, since autoimmune inflammation has a
self-sustaining, cyclic nature. In this situation, the risk of
class-specific complications may be the main factor lim-
iting the therapeutic potential of these drugs [1-4].

Unfortunately, unwanted reactions with NSAIDs
are related to reactions of type A — frequent, predictable
side effects, which are a consequence of a known phar-
macological mechanism, and can be observed in any
patient. The most frequent adverse reactions in the use
of NSAIDs are gastro- and enterotoxicity, hepatotoxic-
ity, nephrotoxicity, thrombotic complications, decreased
synthesis of proteoglycans of the cartilaginous tissue,
and allergic reactions [3-11].

In our previous studies we have found out that
Ukrainian vinboron, the antispasmodic with polytrophic
pharmacological effects, can improve the safety profile
of the popular non-steroidal antiphlogistics ibuprofen
and can also potentiate its anti-inflammatory effect. That
fact has become the background to a detailed study of the
therapeutic action mechanisms of these drugs when they
are used together [12-16].

Aim of the study. To characterize the influence of
vinboron (11 mg/kg, i.g.) on the anti-inflammatory activ-
ity of ibuprofen (218 mg/kg, i.g.) when combined, in a
model of experimental rheumatoid arthritis according to
pathomorphological, morphometric and cone-ray com-
puterized tomography of rats” hind limbs.

Materials and methods. The study was carried out
on 28 mature male rats divided into 4 groups: | — intact
rats (n = 7), Il — rats with modeled AA without treatment
(control), 111 — rats with AA (n = 7), treated with ibupro-
fen (218 mg/kg, intragastrical), IV —rats with AA (n = 7),
ibuprofen treated (218 mg/kg, intragastrical) in combina-
tion with vinboron (11 mg/kg, intragastrical).

To reproduce the conditions for the administration

of ibuprofen corresponding to its clinical use, we select-
ed a model of experimental rheumatoid arthritis (RA) —
adjuvant arthritis (AA, another name — Pearson’ arthritis
(Pearson S.M. et al., 1959) in rats that has all morpho-
functional signs of RA and is accompanied by a typical
reaction, the main link of which is T-cell immunity [17].

AA was modeled by subcutaneous administration of
a complete Freund’s adjuvant — CFA (Thermo scientif-
ic, USA), 100 pl/per rat) that contains polysaccharides of
heat-killed Koch bacillus (Mycobacterium tuberculosis
— Mtb, 5 mg/ml) and complex fatty acids (lanolin deriv-
atives) with an emulsifier (petroleum jelly) at the ratio of
1:2 to the right hind limbs of rats [18-23]. The day of the
adjuvant administration was counted as Day 0 (zero-day)
of the experiment.

Treatment AA was conducted from 14 to 28 days by
intragastrical administration of the drugs under study.
The onset of drug administration corresponded to the
maximum inflammatory response [18-19]. Ibuprofen
(Pharmaceutical Company «Darnitsa», Ukraine) was
administered intragastrically as a suspension based on
polyoxymethylene (20) sorbitan monooleate emulsifier
(the other names are: Tween 80, Polysorbate-80, E433)
and water pro injectionibus (Limited Liability Company
“Galichpharm”, Ukraine), vinboron (Privatne Acces-
sionary Partnership The Science Center of the Vibration
Center ““Borschagiv Chemically Pharmaceutical Plant™,
Ukraine), dissolved in water pro injectionibus (Limited
Liability Company “Galichpharm”, Ukraine), was ad-
ministrated 60 minutes before the administration of ibu-
profen, twice in day.

To extrapolate the average therapeutic doses for hu-
mans to equivalent efficiency doses for rats, we recalcu-
lated the data by Rybolovlev’s method (Rybolovlev Yu.
R. etal., 1979) [24]. The dose of ibuprofen (Pharmaceu-
tical Company «Darnitsa», Ukraine) for a human being
is 2400 mg (0.8 g 3 times a day), which has a sufficient
anti-inflammatory activity and is recommended for treat-
ment of RA [1-2, 25]. If recalculated, in efficiency this is
an equivalent dose for rats (218 mg/kg).

The dose of vinboron (Privatne Accessionary
Partnership The Science Center of the Vibration Cen-
ter “Borschagiv Chemically Pharmaceutical Plant”,
Ukraine) for a human being 120 mg (for 0.04 g 3 times a
day), which is recommended for use in the treatment of
patients with peptic ulcer of the stomach and duodenum
corresponds to a dose for rats of 11 mg/kg [26-28].

The dose of vinboron (Privatne Accessionary
Partnership The Science Center of the Vibration Cen-
ter “Borschagiv Chemically Pharmaceutical Plant”,
Ukraine) for a human being recommended for treatment
of patients with peptic ulcer of the stomach and duode-
num is 120 mg (0.04 g 3 times a day), and it corresponds
to the dose for rats of 11 mg/kg [26-28].

The animals were euthanized on the 28th day of the
experiment by a cervical dislocation under inhaled tri-
chloromethane (CHCI,) anesthesia. It was followed by
the amputation of the hind limbs at the level of the hocks
(art. coxae) and fixation of the material in 10.0% aqueous
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solution of neutral formalin. The ankle joints were decal-
cified. The drugs were prepared according to the standard
procedure, histological sections 5-7 microns thick were
stained with hematoxylin and eosin, picrofuxin sensu van
Gieson, the main brown sensu Shubich, the combination
of the main brown and strong green dye, and the Periodic
Acid — Schiff (PAS) reaction with alcian blue [29-33]. Mi-
croscopy and photographing of histological preparations
were carried out with the light microscope OLIMPUS BX
41 at magnifications of 40, 100, 200 and 400 times. The
obtained images were processed and morphometry was
carried out with the program “Quick PHOTO MICRO
2.3”. The contents of the cellular elements was determined
on the basis of the equivalent unit area (1 mm 2). Our mor-
phometric studies were based on the principles set forth in
the manual by Avtandilova G.G. (2002) [29].

According to the data obtained by Aurell Y. et al.
(2014) [34], in the diagnosis of RA an informative meth-
od of instrumental diagnosis is computerized tomogra-

phy. Taking into account the small size of the investi-
gated material, we performed Cone Beam Computerized
Tomography (CBCT).

The study was carried out on the basis of the Cen-
ter for Medical 3D Diagnostics (Lviv, Ukraine) using a
digital panoramic cone-ray tomographic scanner “Point
3D Combi 500" (PointNix, South Korea), using a planar
sensor with a scanning site of 9 x 12 mm and a radial
load of 30-100 pSv [35-38]. Scanning was carried out
with a voltage of 52.0 kV and the electric current of 6.0
mA which had been determined empirically as optimal
for the study of the hind limbs of rats. The multiplanar
reconstruction (Multi-Planar Reconstruction — MPR) of
bone structures was performed on the basis of the soft-
ware “RealScan” with high resolution.

Using the “RealScan-CD Viewer” software (Point-
Nix, South Korea), joint width and height measurements
werecarried out, and the width of the joint gap was deter-
mined (Fig. 1).

Figure 1 — Cone-ray tomogram of the rat foot in the program window «RealScan — CD Viewer»
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The measurements of the investigated parameters were
carried out according to the unified algorithms: the width
of the joint was determined in the frontal plane with pre-
liminary adjustment of the vector lines parallel to the longi-
tudinal axes of the bone structures of the study site and an
increase in the thickness of the shear display up to 2 mm.

The measurements of the height of the joint was
carried out along its middle part in the sagittal plane with
the preliminary adjustment of the sagittal vector parallel
to the longitudinal axis of the proximal tubular bone,
with an additional increase in the thickness of the shear
display up to 2 mm. The width of the articular slots was
measured between the end plates of the articular surfaces
in the frontal (rarely sagittal) plane with the preliminary
adjustment of the vector lines, according to the above
techniques. The proposed algorithm made it possible
to minimize the phenomena of spatial superposition of
anatomical structures.

For the integral characteristics of the linear
dimensions of the joints of the hind limbs of rats, we
proposed a formula for calculating the joint volume
(Patent of Ukraine No. UA 117538) [39]. The cylinder
was conventionally chosen as the nearest figure of the
corresponding spatial organization of small joints (fig. 2).

Figure 2 — Evaluation of the small joints volume on
the basis of geometric modeling as illustrated
by metatarsophalangeal and proximal interphalangeal
joints of the second finger of the-hind
right limb of a rat

The height of the cylinder was taken as the height of
the joint. The radius of the cylinder was calculated as half
the width of the joint, which was measured in the frontal
plane (R = % of the joint width, mm). The volume was
calculated by the formula V = &t x R2 x h, where V is the
joint volume (mmd), = is the mathematical constant reflect-

ing the ratio of the circumference to its diameter and it is
3.14; R is the radius of the circumference at the base of
the cylinder (2 of the joint width, mm) h is the height of
the cylinder (joint height in the sagittal plane, mm) [39].

The evaluation of the effectiveness of anti-inflamma-
tory therapy was carried out by comparing the volumes
of ten joints (I — V metatarsophalangeal and proximal in-
terphalangeal joints of | -V of the toes) calculated by the
linear dimensions obtained, the width and height of the
bone rows of the mold and metatarsal, and the width of
the articular clefts of ten joints (I — V metatarsophalan-
geal and proximal interphalangeal joints of the joints of
I -V of the toes of the foot) under different experimental
conditions and comparing the width of the joint gap in
corresponding joints. The discrepancies were expressed
in % with respect to the indices of intact animals and an-
imals with AA without treatment.

All the experimental studies on laboratory animals
were conducted in accordance with the requirements of
good laboratory practice (GLP) and in compliance with
the main provisions of the Council of Europe Convention
on the Protection of \Vertebrate Animals used in experi-
ments and other scientific purposes of March 18, 1986,
the Directive of the European Parliament and Council
EU 2010/63/EC of 22 September 2010 on the protection
of animals used for scientific purposes; Order of the Min-
istry of Health of Ukraine from December 14, 2009, No.
944 “On approval of the procedure for preclinical study
of medicinal products and examination of materials for
preclinical study of medicinal products” and the Law of
Ukraine of February 21, 2006 No. 3447-1V “On the Pro-
tection of Animals from Cruel Treatment” [40].

Statistical processing of the obtained results was
carried out using the application program for working
with spreadsheets “Microsoft Office Excel 2003; 2013”
(Microsoft Corporation, USA) using the” Real Statistics”
extension in the Windows XP Professional environment
(Microsoft Corporation, USA). The character of the dis-
tribution of the values in each group of the sample was
estimated using W value in Shapiro-Wilk test (n <50).

The homogeneity of the dispersions was determined
by Levene’s test. To assess the significance of the re-
vealed differences in the studied parameters under dif-
ferent experimental conditions, a statistical analysis was
performed using parametric and nonparametric criteria.
Since all the investigated quantities obeyed the law of
normal distribution (Gauss-Laplace’s distribution), the
reliability of the differences between them was deter-
mined in pairs by Student’s criterion. The values obtained
were compared with the critical values at the confidence
level above 95.0% (p < 0.05), above 99.0% (p < 0.01),
above 99.5% (p < 0.005), and above 99.9% (p < 0.001)
and the conclusion about the error probability was made.

At the abnormal distribution of at least one of the
groups of independent quantities, the differences be-
tween them were determined in pairs by the nonparamet-
ric U-criterion ranked by Mann-Whitney.

To evaluate the relationship between variables un-
der the condition of normal distribution of values, the
one-factor correlation analysis was carried out according
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to Pearson or the rank correlation analysis sensu Spear-
man with an abnormal distribution. By the value of the
absolute value sensu Pearson coefficient (r) or sensu
Spearman coefficient (p), the correlation relation was
characterized by the following criteria: r <0 — feedback;
0 <|p|<0.1-no connection; 0.1 <| p | <0.3 — weak;
0.3 <| p <0.7 — moderate; 0.7 < | p | <0.99 — strong;
0.99 <| p | <1 —full (functional) and indicated the proba-
bility of error (p) of the identified links. The character of
the direction of the connection was determined depend-
ing on the sign of the correlation coefficient: a direct con-
nection with a positive sign (+) and an inverse in the case
of a negative sign (-).

Digital data in the case of a normal distribution of
quantities are given in the form “M £ m” (M = SE),
where M is the arithmetic meaning, m (SE) is the stan-
dard error of the arithmetic meaning or M (95% CI: 5%
-95%), where 95% CI is 95% Confidence interval (Cl).
With an abnormal distribution of the values obtained, the
data are presented in the form Me [LQ; UQ], where Me
is the median [LQ; UQ], i.e. the upper limit of the lower
(first) quartile (lower quartile — LQ) and the lower limit
of the upper (third) quartile (upper quartile — UQ).

For the graphical representation of the data, the box-
and-whiskers diagrams were selected. On them the max-
imum and minimum values were displayed in the case of
an abnormal distribution of values or a 95% confidence
interval in the normal distribution, the Interquartile range
(IQR) in the form of a box from the 25-th to the 75-th
percentile in the case of an abnormal distribution of val-
ues or the boundary of the standard error of the arithmetic
meaning at the normal distribution of quantities, the me-
dian and / or the average arithmetic meaning [41].

Results and discussion. On the 28-th day of the
experiment, a pathomorphological study of the synovial
membrane (SM, synovium) of the ankles of the exper-
imental animals with AA without treatment showed a
predominance of chronic productive inflammation with
a significant proliferative component and degenerative -
dystrophic changes in the cartilage and fibrous connec-
tive tissue surrounding the synovial cartilage.

Figure 3 — Degenerative changes in cartilage with
the formation of pannus. AA without treatment.
28" day. Stained with hematoxylin
and eosin, x 200
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The articular surface lost its boundaries, often with
uneven contours, had various depth defects, which were
observed in 60.0% of animals with untreated AA. Almost
all the animal cartilage specimens studied in the control
group of animals showed signs of pannus formation,
which sometimes completely invaded the cartilage, re-
placing it with a connective tissue (fig. 3). In periarticular
tissues, along with their edema, massive cell infiltration,
mainly lymphoid with accumulation of plasmocytes, gi-
ant multinucleate cells, forming granulomas, which were
surrounded by collagen fibers, was noted.

Inflammatory infiltrates often extended to the dermis,
sometimes even with the infiltration of the skin. In the
periarticular fibrous tissue, the collagen fibers formed
densely packed bundles, between which thin layers
of loose connective tissue with a pale alcian-positive
color were detected. In the subchondral regions, cellular
proliferates of fibroblasts, chondroblasts and the formation
of a homogeneous cartilage matrix between them were
recorded. In the zones of proliferating chondroblasts and
in the matrix, an intense alcian-positive reaction was
detected. In a number of cases against a background of
homogeneous chondromucoid the zones of proliferation of
low-grade chondroblasts of embryonic type with a large
nucleus and a narrow rim of the cytoplasm were detected.

Sometimes these cells were located radially,
sometimes chaotically. Cystic cavities and granulomas
with cells of necrobiotic cell changes were observed in the
center of cellular clusters. In other areas similar cellular
proliferates were absent. Along with cellular proliferates,
cystic cavities of various sizes were observed in some
parts of the periarticular connective tissue, in others
fragmented, rounded foci of cartilaginous tissue with an
alcianophilic reaction with significant dystrophy of both
the matrix and the cells could be observed (Fig. 4).

Figure 4 — Focal clusters of alcian-positive substances
in periarticular connective tissue with lympho-
plasmocytic infiltration and degenerative cartilage
changes. AA without treatment. 28th day. Combined
Schick Test — alcyan blue, x 100

Synovium consisted of thickened synovial folds
due to the focal proliferation of fibrous, fatty, sometimes
granulation tissue with diffuse inflammatory infiltration.
Large clusters of lymphoid elements with single epithelioid
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and giant multinucleate cells were found frequently in the
villi of the SM, sometimes creating granulomas.

A large number of hypertrophic synovial villi was
noted, some of them were narrow and elongated, others
were thickened. In many areas the surface of synovium
and villi was covered with a thick layer of proliferating
synoviocytes, of both - secretory and phagocytic
types. Their stroma was with edema due to an increase
in the number of acidic glycosaminoglycans, which
was confirmed by a positive coloration when using a
combined Schick test with alcian blue (fig. 5).

Figure 5 — Accumulation of acid glycosaminoglycans
(blue) in fibrous tissue of synovial villi, focal
proliferation and desquamation of synoviocytes. AA
without treatment. 28th day. Combined PAS-reaction —
alcyan blue, x 200

The chondrocytes located below had pycnotic
nuclei, which indicated the local damage to the articular
cartilage. In contrast to the fibrous tissue of the villi SM
the chondrocytes were observed to reduce the production
of both acidic and sulfated glycosaminoglycans, which was
clearly visible when the preparations were stained brown. In
the deep sections of the SM, the emergence of foci of fibrous
connective tissue with areas of proliferation of fibroblasts
and places of cystic enlightenments was determined (Fig. 6).

Figure 6 — Reduction in the number of acidic and sul-
fated glycosaminoglycans in the cartilaginous tissue,
cystic enlightenment in the surrounding joint of the
connective tissue. AA without treatment. 28th day. Basic
brown, x 100

The cells of the inner cartilage layer were slightly
differentiated, resembling chondrocytes, but lost the
orthochromatic stains typical of glycosaminoglycans of
hyaline cartilage.

The cartilage surfaces of some joints were deformed
due to synovitis, the border between cartilage and
connective tissue was almost invisible. On the surfaces
where the cartilage directly contacted the synovitis
and pannus, it was refined, losing the characteristic
zonal location of the chondrocytes. The large areas
of the articular surface were practically devoid of the
cartilaginous cover and lined with granulation and
fibrous tissue. The granulation tissue that was growing
into the cartilage was marked by the replacement of its
newly formed bone girders or fibrous tissue around it. In
some places the joint surface was completely deprived of
the cartilaginous cover to a greater or lesser extent and
was replaced by & granulation, fibrous or fatty tissue that
sometimes filled the bone marrow spaces.

The cells of granulation tissue were observed mainly
in intermediate and deep CO zones and consisted mainly
of capillaries, fibroblasts, histiocytes, lymphocytes and
individual multinucleated cells. In the central sections of
suchinfiltrates degenerative changesinthe basic substance
were noted, and that substance was surrounded by
connective tissue fibers. When coloring the sections sensu
van Gieson, the sclerotically altered areas were painted
red (fig. 7) and were focally positive in the process of the
PAS-reaction.

Figure 7 — Granulation tissue with a large number
of capillaries and perivascular proliferation of
fibrous fibers, single multinucleated cells. AA without
treatment. 28th day. Painted sensu van Gieson, x 100

When using the histochemical method sensu van Gie-
son, the collagen fibers and the walls of the vessels acquired
a brighter red color. Schick test of collagen beams was un-
even. The cartilage cells were of different sizes — from small
ones with wrinkled core to large ones with light, swollen nu-
clei. In some chondrocytes the nuclei did not appear, because
they were wrinkled and arranged in the form of crescents
under the capsule of the joint.

Unlike untreated AA in rats treated with ibuprofen
and ibuprofen with vinboron, no granulation tissue ap-
peared during this study period (28 days).
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In the AA group treated with ibuprofen in deep SM, a
significant amount of fibrous connective tissue with pro-
liferating fibroblast foci was recorded. The attention was
also paid to the focal changes in blood vessels, mainly of
the arterial type, in which thickening of the intima was
noted due to proliferation of the endothelium, homoge-
nization of the muscular layer and perivascular sclerosis.

The morphometric analysis of the cellular compo-
sition of inflammatory CO infiltrates in rats with AA
without treatment established statistically significant
(p < 0.05) prevalence of lymphocytes, epithelioid cells
of plasmocytes and macrophages over other cellular el-
ements. So, the number of lymphocytes was increased
by 232.5 + 40.8% (6086.0 + 674.5, 95% CI: 4763.7-
7407.4 units), epithelioid cells by 14.3 [7.1-105.4] %
(800 [800-1400] units), plasmocytes by 271.5 + 97.1%
(986.0£82.9,95% Cl: 823.3-1148.2 units), macrophages
by 255.7 +55.7% (1228.6 + 60.6, 95% CI: 1109.9-1347.4
units) in comparison with the intact rats on the 28th day
of the experiment, indicating chronicity and immune
character of inflammation (Fig. 8 A, B, C, K).

Along with lymphocytic and macrophage infiltra-
tion, a significant (p < 0.05) increase in the number of tis-
sue basophils (+ 150.0 [123.8-237.1] %) and fibroblasts
(+ 63.2 [40.0-88, 3] %) in the stroma of SM - 350.0
[300.0-425.0] units and 2100.0 [1525.0-2200.0] units
respectively, in comparison with the indices of animals
of other groups (see Fig. 8 D, F). Most of the tissue ba-
sophils were in an active state, as evidenced by their de-
granulation, which was well manifested around the ves-
sels of the stroma of SM when staining the main brown
(Fig. 9).

Aswe can see in Figure 8, the significant proliferation of
fibroblasts was observed in SM, and their number increased
according to the morphometric data in all the groups.

In the group of rats with AA, treated with ibuprofen,
next to the sites of articular cartilage degeneration, there
were always unchanged areas usually free of synovial
pannus. The lympho-histiocytic infiltrates did not go be-
yond the periarticular connective tissue.

In experimental animals with AA who were admin-
istered ibuprofen on the 28" day, moderate inflammation
was noted in the periarticular connective tissue, some-
times with the formation of epithelioid and giant cell
granulomas, circulatory disorders, stasis in the vessels of
the microcirculatory bed with insignificant perivascular
edema. The surface defects of the cartilaginous tissue
were noted in 10.0% of animals treated with ibuprofen
and practically did not appear in the group of combined
use of ibuprofen and vinboron. The skin had an ordinary
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histological structure in 80.0% of experimental animals
treated with ibuprofen and 90.0% of rats treated with ibu-
profen and vinboron.

Microscopically in the rats of the monotherapy ibu-
profen group and the group of combined use of ibuprofen
and vinboron, pannus formation also took place. Howev-
er, the intensity of fibrillogenesis was significantly less
than in untreated AA, which was confirmed by morpho-
metric examination data (see Fig. 8), sometimes there
were small areas where connective tissue tightly fused
with cartilaginous.

Occasionally, the small cell-length areas and areas
with very narrow cartilage were identified, where chon-
drocytes were located only in 2-3 rows. Unlike untreat-
ed AA, acidic and sulfated glycosaminoglycans were
not detected when the preparations of alcian blue were
painted in connective tissue, however, their number in-
creased in the cartilaginous tissue, which was confirmed
by a positive reaction when using the main brown (Fig.
10, 11).

In rats treated with ibuprofen in combination with
vinboron, the collagen fibers of fibrous periarticular tissue
were joined into thick beams and homogenized. Foci of
lympho-plasmocyte infiltration were rarely recorded. The
most common infiltrates were from fibro- and histiocytic
cells. Compared with the group of untreated AA and
AA treated with ibuprofen, less expressed degenerative-
dystrophic and atrophic changes were observed in the
cartilage. In the basal parts of the cartilage there was an
increase in sclerosis of the intercellular substance and cell
death. Basal parts of the cartilage and subchondral plate
often remained undisturbed and there was practically no
growth of vessels in the cartilage from the side of the
bone marrow cavities.

In experimental animals with AA who received
ibuprofen in combination with vinboron, on the 28th
day of the experiment a statistically significant decrease
(p <0.05) of the number of lymphoid elements was found
to be 63.6 + 3.3% (95% CI: 57.2-70,1%) with respect
to the indices of rats with AA without treatment and it
was 2128.6 + 198.5 (95 % Cl: 1736.6-5185.0) units,
which was only 19.8 % higher than that of intact rats
(1971.4 + 280.9 (95 % CI: 1420.9-2522.0) units).

The reduction in the intensity of inflammatory
infiltration of CO was also recorded when assessing
the density of other inflammatory elements (see Fig. 8).
Tissue basophils, like neutrophilic leukocytes, were rare,
mostly around the vessels, which may indicate a decrease
in the synthesis and release of inflammatory mediators
(serotonin, histamine) from tissue basophils.
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Figure 8 — Density of the cellular elements of the synovial membrane of the ankle joint of rats (per 1 mm2)

with adjuvant arthritis on the 28th day of the experiment
Notes:

e —p < 0,05 relatively intact animals;

m — p < 0,05 relatively controlled animals;

A —p <0,05 with respect to the monotherapy group ibuprofen;

to Fig. 8: A, B, C, E, L — the distribution of the values of each group of the sample population is normal. The boxes include

the value of the standard error of the arithmetic meaning, vertical lines outside the boxes denote 95% confidence interval. The
horizontal line and the number inside the box are arithmetic meanings;

to Fig. 8 D, F, K: the distribution of the quantities is abnormal. The boxes include the results from the 25th to 75th percentiles.

The vertical lines outside the boxes are the minimum and maximum values. The horizontal line inside the box is a median, the
figures indicate the arithmetic meanings.
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Figure 9 — Tissue basophils in a state of degranulation
around the vessels of the stroma of SM.
AA without treatment, 28 days.
Basic brown, x 400

The carried out radiation study showed that on the
28" day of the experiment, hyperextended of proximal
phalanges with flexion in proximal interphalangeal
joints and extension in distal interphalangeal joints were
observed in AA rats without treatment, which caused the
formation of classical rheumatic lesions — a hammer-
shaped deformation of 11-V toes (Fig. 12).

According to the CBCT (Cone Beam Computed To-
mography), subcutaneous inoculation of CFA resulted in
an increase in the volume of all joints of the hindlimbs by
almost a half (+ 90.1%) relative to the indices of intact
rats. The greatest increase in volume was noted in | and
V sprouts-metatarsal joints by 142.6% (p < 0.001) and
162.0 % (p < 0.01), respectively, relative to the values
of intact animals. Among the metatarsophalangeal joints,
the volumes of | and V metatarsophalangeal joints in-
creased by 130.6 % (p < 0.005) and 133.5 % (p < 0.001),
respectively, relative to the indices of intact animals. The
smallest changes in the volume of the hind limb joints
in rats were noted in the interphalangeal joints, and the
average increase in volume was 52.7 % relative to the
calculated joint volume of healthy animals (Tab. 1).

Against the background of the combined use of ibu-
profen and vinboron, we observed the greatest slowdown

Figure 10 — Minor lymphocytic infiltration of synovial
villi with stromal fibrosis and a small number
of glycosaminoglycans. AA, treated with ibuprofen.
The 28" day. Basic brown, x 200

Figure 11 — Increase in the number of acidic and
sulfated glycosaminoglycans in chondrocytes.
AA, treated with ibuprofen and vinboron. The 28" day.
Basic brown, x 100

in the progression of the inflammatory process. This was
indicated by a decrease in the volume of the joints against
the background of combined treatment of rats with AA
on average by 33.8 % relative to the animals in the con-
trol group.

Figure 12 — Roentgenograms of the hind limbs of rats with adjuvant arthritis without treatment
on the 28th day of the experiment in a direct projection.
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Characterizing the state of the articular fissures of
the hind limbs in rats, it should be noted that the devel-
opment of AA resulted in a significant decrease in the
width of the joint cracks by an average of 58.8 % relative
to the values of intact animals. This is consistent with the
literature data on changes in the structural organization
of joints in rheumatoid arthritis [2, 36-37]. It is worth
noting that in | and 1l metatarsophalangeal joints and the
proximal interphalangeal joint of the 1st toe, we found a
complete ankylosis, and in Il — VV metatarsophalangeal
joints the width of the joint gap did not exceed 0.2 mm,
which was more than twice lower than the indices of in-
tact animals (see Tab. 1).

Against the backdrop of monotherapy with ibupro-
fen, an increase in the width of the articular gap of all
joints was noted, but against the background of the com-
bined use of ibuprofen and vinboron, we observed a more
pronounced increase in the width of the joint gaps, which
could be practically compared with the indices of intact
animals, which indicates the ability of vinboron to en-
hance the anti-inflammatory properties of ibuprofen.

In intact rats between the joint volume and the width
of the joint gaps of the hind limbs, a moderate correlation
was observed (p = 0.373 + 0.10; 95% CI: 0.17-0.57). The
development of AA in rats resulted in a decrease (p> 0.05)
in the value of the Spearman coefficient (p) by 23.0% rela-
tive to the indices of intact rats and it was 0.282 + 0.05, re-
spectively; 95% CI: 0.19-0.38, which indicates a decrease
in the correlation force (CF) between the studied parame-
ters. Monotherapy with AA ibuprofen resulted in a slight
increase in CF (p = 0.295 + 0.04, 95% CI: 0.21-0.38). The
combined use of ibuprofen and vinboron resulted in the
restoration (p> 0.05) of SCS between the joint volume
and the width of the joint gaps (p = 0.365 + 0.09, 95% ClI:
0.20-0.53), indicating harmonization of the anti-inflam-
matory action of ibuprofen in its joint application with the
spasmolytic of Ukrainian production, which

Conclusion. The carried out study showed that in
experimental animals with untreated AA on the 28" day
of the experiment, pathological changes were registered
predominantly in the capsule of the joints with a char-

acteristic fibrocystic transformation of the periarticular
connective tissue, the formation of pannus in the cartilag-
inous surface of the joints. The pathomorphological fea-
ture of untreated AA, along with the formation of pannus,
diffuse lymph-histiocytic infiltration and destruction of
bone tissue, was also the detection of granulation tissue
at the time of our observation, indicating a chronic nature
of the inflammatory response and a violation of the re-
generative properties of the synovial epithelium.

The use of ibuprofen in combination with vinbo-
ron was accompanied by restoration of the structure and
function of the cartilage and bone tissue, and it was evi-
denced by the appearance of acidic and sulfated glycos-
aminoglycans.

The restoration of bone tissue was realized by the
proliferation of connective tissue and its transformation
into cartilage. SM was hyperplastic with proliferating
synoviocytes of both macrophage and secretory types.
Only in rare cases the phenomena of moderate edema
and insignificant focal lymph-histiocytic infiltration per-
sisted. Thus, the use of ibuprofen in combination with
vinboron in AA rats resulted in a reduction or absence of
inflammation in both the joint and periarticular tissues.

The analysis of the results of cone-ray computerized
tomography and digital radiography showed that against
the background of simultaneous administration of ibu-
profen and vinboron there was a tendency to increase the
anti-inflammatory effect of the studied antiphlogistics
on the rats’ joints affected by adjuvant arthritis. On the
28-th day of the experiment there was the indicatation
of decrease of the volume of the hind limb joints by an
average of 33.8% compared to the control animals and a
near-complete restoration of the width of the joint gaps of
the joints examined. It was also determined that vinboron
can harmonize the anti-inflammatory effect of ibuprofen
when they are used together.
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PA3PAEOTKA METO4UKU MOLE/NIUPOBAHUA BSAUMOLENCTBUA
BUONNOIMMYECKU AKTUBHbIX BELLLECTB C AKTUBHbIM LLEHTPOM
AHTMOTEH3UH-NPEBPALLAKOLLEIO ®EPMEHTA

A.A. [nywixo', A.C. Yupankun', B.C. Yupankun',
A.M. Mypmysanuesa', F0.A. Ilonkosnuxosa®

UTamueopckuit meouro-papmayesmuueckuil uncmumym — guauan @PIEOY BO Bonel MY Munszopasa Poccuu,
357532, Poccus, [Iamueopck, np. Kanununa, 11
E-mail: alexander.glushko@Ilcmmp.ru
2Pedepanviioe 2ocydapemeerioe 0100icemioe 00paz06amenbHOe yUpexcoeHue 6blcute20 00pPa3068anus.
«Boponeacckuii 2ocyoapcemeennuiii ynugepcumem», 394036, Poccus, e. Boponeoic, yn. Cmyoenyeckas, 3
E-mail: juli-polk@mail.ru

3abonesanus cepoeuno-cocyoucmoni cucmemvl — 21AGHAA NPUYUHA CMEPMHOCMU CPeOU HACELeHUs N0 6CeMy
mupy. Paspabomxa HOGbIX npenapamos, no3601A10Wux HOpMAIU308ams apmepudibHoe 0asienue, s81Aemcs nepcnex-
MUBHLIM Hanpasienuem 6 ooaracmu gapmayuu u meduyunsvl. Celluac wupoxoe pacnpocmpanenue s ie4eHus ap-
MepUanbHOU 2Unepmen3ul U XPOHUYEeCKou cepOedHol HedOCMamouHOCMU HAWIU UHSUOUMOPbL AHSUOMEH3UHNDEBPA-
waowezo hepmenma (AIID). [nasuviii mexanuzm uneubumopos AIID zaxmouaemcst 6 OLOKUPOBAHUU NPEEPALU CHUSL
aneuomenszuna | 6 aneuomensun |1, umo onocpedyem pacwupenue cocyoos. Llenvro dannoii pabomul s611emcs noo-
060p MEmMOOUKU MOOETUPOBAHUSL B3AUMOOEUCTNEUS TUSUHONPUIA C AKMUBHBIM YEeHMPOM AHSUOMEH3UHNPespauarouje-
20 pepmenma ¢ UCNONBL30BAHUEM MEMOOA MONEKYIAPHOU Ounamurku. Mamepuanvt u memoowvl. B kauecmse aueanoa
ObLIA UCTIONBL30BANHA MONEKYILA TUSUHONPUNLA, 3APAJLL AMOMOE KOMOPOUL ObLIU PACCHUMAHBL MEMOOOM Meopuu QyHK-
yuonana nromuocmu (T@IT) ub3lyp ¢ 6asucnuvimu nabopamu 6-31G* u 6-311G**. Mooenuposanue 75 nc monexynsip-
HOU OUHAMUKU 83AUMOOeCMEUsL TUSUHONPULA ¢ AKMueHbIM yenmpom AIID nposoounocs & npoepamme Buosspura. B
pe3yivmame MOOEIUPOBAHUL MOLEKVIAPHOU OUHAMUKU ObIIA NOTYYeHa MPaeKmopus cucmemsl «<ausuronpun-Alld».
Ilocne smozo 6vi10 npouszsedeno cpagnenue KOHPOPMayull 1U2anod 8 pasiuitble MOMEHMbl PeMeHU MOOETUPOBa-
HUSL C IKCNePUMEHMANbHOU KOHpopmayuell no elrudune cpeOHeK8aopamuyecko20 OmkIOHeHUs KOOPOUHAM amomos.
Pesynomamut u odcyrncoenue. Pesynvomamol MoOe1uposanus noka3dau, ¥mo AU3UHONPUL € 3apaoamu, COOMmeem-
cmeyrowumu 6azucromy Habopy 6-311G**, gedem cebs 6 akmuernom yenmpe AIID 6 coomeemcmeuu ¢ OaHHbIMU
PEHMEeHOCMPYKMYPHO20 AHANU3d, 6 OMAUYUE OM JUSUHONPULA C 3aPAOaAMU, PACCUUMAHHLIMU OA3UCHLIM HAOOPOM
6-31G*. 3aknrouenue. bvina paspabomana mMemoouKa MoOeIUpoOB8anUs MOLEKYIAPHOU OUHAMUKU 83AUMOOeLCMBUs
JUBUHONPUNA ¢ AKMUBHBIM YEeHMPOM AH2UOMEH3UH-KOHgepmupyiowe2o hepmenma. [lonyuennas memoouxa modicem
ObIMb UCNONB306ANA 018 USYUEHUS B3AUMOOCUCIBUS BEUWECE, CXOOHBIX NO CIPYKMYPE C JUSUHONPULOM C AKIMUBHBIM
yenmpom AIID.

Knrouegwie cnosa: ancuomenzunnpespaujaiowull hepmenm, akmuHblil Yyenmp, IUUHONPUL, UHSUOUMOp, Moe-
KVIAPHAS OUHAMUKA, 3aps0, 6A3UCHDbLI HAOOD
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DEVELOPMENT OF METHODS OF SIMULATION
OF THE INTERACTION OF BIOLOGICALLY ACTIVE SUBSTANCES
WITH THE ACTIVE CENTER OF ANGIOTENSIN-CONVERTING ENZYME
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A.M. Murtuzalieva?, Yu.A. Polkovnikova?
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Nowadays cardiovascular diseases are the main cause of death among the population around the word. The
development of new drugs, giving a possibility to normalize blood pressure, is a promising direction in the field of
pharmacy and medicine. Now inhibitors of angiotensinconverting enzyme (ACE) are widely adopted for the treatment
of hypertension and chronic heart failure. The principle of action of ACE inhibitors is based on blocking the conver-
sion of angiotensin | into angiotensin I, which mediates vasodilation. The aim of the work is a selection of methods
of lisinopril interaction with the active center of angiotensin-converting enzyme by molecular dynamics methods.
Materials and methods. Lisinopril molecule was used as a ligand; the charges of that ligand were calculated with the
density functional theory (DFT) and ub3lyp method with the basis sets 6-31G* and 6-311G**. Simulation of 75 ns of
molecular dynamics of lisinopril interaction with the active center of ACE was carried out in the Bioevrica program.
As a result of molecular dynamics simulation, the trajectory of the “lisinopril-ACE” system was obtained. After that
a comparison of ligand conformations at different points in simulation time with the experimental conformation of the
value of standard deviation of coordinates of atoms was made. Results and discussion. The results of simulation have
showed that lisinopril with the charges corresponding to basis set 6-311G** behaves consistent with the x-ray data in
the active center of the ACE, in contrast to lisinopril with the charges calculated by basis set 6-31G*. Conclusion. The
methods of lisinopril interaction modeling with the active center of angiotensin-converting enzyme has been selected.
The obtained technique can be used for studying the interaction of substances, similar in structure to lisinopril with

the active center of the enzyme (ACE).

Keywords: angiotensinconverting enzyme (ACE), active site, lisinopril, inhibitor, molecular dynamics, charge,

basis set

Benenne. VIHrnOMTOpHI aHIMOTEH3MHIIPEBPAILAIO-
uiero gepmenrta (AIID) — rpyrna XMMHYECKUX COEIU-
HEHWH, TPUMEHIEMBIX HETOCPEACTBEHHO IS JICYCHUS
THIIEPTOHNYECKON OOJIE3HN W XPOHHYECKOH CepAedHOI
HEJ0CTAaTOYHOCTU. [IpuHIMIT NEeHCTBUS HHTHOUTOPOB
AII® ocHoBaH Ha OJOKMPOBAHUH HPEBPALICHUS aHTHO-
ten3uHa | B anruoTensu ||, uro onocpenyer pacmmpenue
cocynoB. IIpu 3ToM Takxke CHMXKAETCs CeKperysl ajibo-
CTEpOHA KOPOI HAJIOYEUHUKOB U IPOUCXOJIUT yBeIUYe-
HUE KOHIIEHTPAINH OpaJWKHHUHA 33 CUCT YMEHBIICHUS
ero nHaktuBanuu AII®. B cBoro ouepenp, OpaIuKWHUH,
B3aUMOJCHCTBYS C B, -KMHHHOBBIMHM PELENTOPaMH CO-
CYIUCTOTO 3HJOTENHUS, MPOBOLUPYET BBICBOOOXKICHHE
JPYTHX Ba3oAWIATUPYIOUIMX (DaKTOPOB, BbI3bIBas ellé
Gonpliee pacciaadieHue miaakux Moy [1].

Ha coBpemeHHOM 3Tane JieueHus] TUIIEPTOHUYECKOM
0OJIE3HH WHTUOWTOPBHI aHTHOTCH3WHIPEBPAIIAFOIIETO
(depMeHTa TONYYHIN MHPOKoe TpuMeHeHme. [Ipm mx
mpreMe HOPMAaJN3yeTcsi KOPOHapHOE, MOYEYHOE, MBI-
IIEYHOE W MO3TOBOE KPOBOOOpAICHHE, YTO SBIISETCS
Ba)KHBIM [IPEUMYILIECTBOM JAaHHOM I'PYIIIbI IIPENApaToB.
Nuruburopsr AII® nonmkarot odIee nepudhepudeckoe
COCYAMCTOE CONPOTHUBIEHHE, MOCT- U MPEIHArPy3Ky Ha
MHOKAapJI, CHIYKAETCS 4aCTOTa BOSHUKHOBCHHUS apUTMHH,
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yiydmiaercs pabora cepana B ¢asy QuacTonbl. Takke
HaOJII01aeTCs MPEaYPEKACHIE PA3BUTHS THIEPTPODUH
JIEBOTO JKEIYJ0YKa, MHHUMH3UPYETCS BEPOSTHOCTh M
CTETIeHb Pa3BUTHA HIIeMHUH 1 puOpo3a Muokapmaa. [Ipen-
YIpexaaeTcsi THIepTPO(Us TIIAJAKOMBIIICYHBIX CTEHOK
aprepwmii [2].

B cBs3u co ckaukamMM apTepHAILHOTO JABJICHUS U
HapacTaroleil BHyTpUKIyOOYKOBOI T'MIIEPTOHNH ITPOHC-
XOIIUT TIOBPEKACHUE COCyHOB rmodek. Marnouropsr AIID
00eCIIeunBaIOT 3aIUTY MOYEK MPU JICUCHUH THIICPTOHH-
4gecKoit 0ome3HN. Y OOMBHBIX ¢ XpOHUYECKOH (hOpMOit TTo-
YEYHOW HEJ0CTATOYHOCTU OTMEYAIOTCS IPU3HAKU yITyd-
IIeHns1 paboTHl TIOYeK MpU mpueme nHruomropos AIID
IPU YCIOBUHM OTCYTCTBHUSI PE3KHX CKaukKoB JiaBiieHus. B
cllydae MpHeMa IpenaparoB, YBEJIWYMBAIOLIUX TUYPE3,
moMuMo MHrHOUTOpoB ATID, BO3HHKAET BO3ZMOXHOCTH
Ha/1&KHO KOHTPOJIMPOBATh YPOBEHB apTEPUAILHOTO J1aB-
JICHNS! HA TIPOJIOJKUTENBHBIN MEPHO BPEMEHH y OOJb-
HBIX THIIEPTOHUYECKON Oone3Hpi0. Taxke WHTHOMOPHI
ATI® BO31EHCTBYIOT Ha MPOIYKIIMIO U BEICBOOOKICHHE
anbI0CTEepPOHA U3 HAJOYEYHNKOB, YTO BEJIET K yBeJIHue-
HUIO TNype3a, MOBBIIICHUIO YPOBHS KaJlksi U CHUKEHHIO
YPOBHSI HaTpusi B OpraHu3Me, HOPMaJHM3allHi BOJHO-3-
JIEKTPOJUTHOTO oOMeHa [1].
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Y unruouropos AII® B criekTpe 6MOIOrHYeCcKOi aK-
TUBHOCTH TIPUCYTCTBYET aHTHUCKIIEPOTUUECKUH P PeKT,
KOTOPBIN 00yCIIaBIMBAETCSl TOPMOXKEHHEM 00pazoBaHUs
Ha MOBEPXHOCTSX KJETOK PHIOTENHs aHTmoTeHsuHa I,
yBeIMUYeHNE 00pa30BaHKWE OKCHIA a30Ta — IIABHOTO M-
JIATUPYIOMIEro (haKTopa COCYANCTHIX CTEHOK. Takxke mpu
npueMe nHruouTopoB AIID B KpoBH MOBBIIIACTCSA YPO-
BEHb JIMIIONPOTEHHOB BBICOKOW TNIOTHOCTU M CHHKACTCSI
YPOBEHb aTePOreHHBIX (pakuuit munumos [3].

[Ipenaparsl, oOmamarommue CrocoOHOCTHIO WHIH-
6upoBath AII®D, OKa3pIBAIOT BIUSHHE HA YTICBOIHBIN
obmeHn. HalOmiomaercss MOBBIMIEHHE YYBCTBUTEIBHOCTH
TKaHel K MHCYJIMHY, YAy4IlaeTcss MeTa00Iu3M IITFOKO3bI
13-3a HOPMaJIM3alMy TKAHEBOTO KPOBOOOPAILIEHHUS U 10~
BBIIICHHUS yPOBHS OpaanKuHUHA [4].

B cepenune 70-x romos 20 Beka OBLT MONYYEH CHH-
TETHYECKUM ITyTeM HOBBIH wmHTHOMTOp AIlI® — nm3m-
HOIIPWJI, KOTOPBIN SIBIISIETCS JIM3MHOBBIM MTPOHU3BOTHBIM
sHananpuia (apyroro uarubutopa AIID). ¥V nusuHo-
IIpUJIa €cTh PsiJi 0OCOOCHHOCTEH, KOTOPbIE OTIMYAIOT €ro
OT TIONABJISFOIIETO OONBIMMHCTBA WHTHOUTOPOB ATID.
Jlu3uHONIpUII HE SBISETCS MPOJICKAPCTBOM, 3TO AKTHB-
HOE€ BEIIECTBO; JIM3MHONPHUI HE METabOIM3UPyeTCsl B
OpraHM3Me M BBIBOAUTCS MMOYKAMH, TOITOMY €r0 MOXKHO
PEKOMEHJIOBATh IPpH OOJIE3HSX IMeueHu. Takke AaHHOoe
BEIIECTBO B MaJIOM CTENCHM CBS3BIBACTCSA C OEIKaMH
wiasmbl kpoBu (5-10%), 4to jgenaeT AM3MHONPUI CO-
BMECTUMBIM B TIPHEME C IPYTHMMHU IpernapaTaMu, BCTy-
MAIOMIMMHU B KOHKYPEHTHOE B3aUMOACHUCTBHE C OelKaMu
ruia3Mel KpoBu [5]. B ¢Bs3M ¢ TaHHBIMH TIpeHMyIIeCTBA-
MH JIM3MHOIIPWIA OH HAaXOAWT IIMPOKOE NPHMEHEHUE
B MEIHIMHE, a MMOUCK HOBBIX MHTHOMTOPOB C TAaKUMH
CBOWCTBAaMM PACIIMPHUT ACCOPTHMEHT IIPETapaTtoB IS
JICYCHUSI TUIIEPTOHUYIECKON OOIE3HH.

Jlmsunonpun, kak u apyrue uHruoutopsl AllD,
Ornarofapsi HAIMYHIO 0COOOW XMMHUYECKOH CTPYKTYpBI,
Croco0eH B3aMMOICHCTBOBATH C HOHOM IIMHKA M aMHUHO-
KHUCJIOTaMHM BHYTpHM akTHUBHOro uentpa AlID, u, Takum
00pa3oM, YMEHBIIATh aKTHBHOCTH (pepMeHTa, CBsA3aH-
HYIO C KOHBEPTUPOBAaHUEM aHTHOTeH3WHa | B Owonoru-
YeCKH aKTUBHBINM aHrMOTeH3MH ||, YUuThIBas CI0KHOCTD
CBSI3M ME@XJy XUMHUYECKOW CTPYKTYPOH M CPOJCTBOM K
akTHBHOMY HeHTpy AIID, nenecoobpa3HbIM NpeacTas-
JISIeTCS ICTAIbHOE N3yYEeHUE MOJICKYISIPHOTO MEXaHU3Ma
CBSI3bIBAHMSI HOBBIX MHTMOHMTOPOB C JIaHHBIM (hepMeH-
ToM. OZHUM M3 IIMPOKO HCIIOJIB3YEMBIX B HACTOsIIEE
BpEMsi METO/IOB M3YUCHMs MEXaHU3Ma B3aUMOJICHCTBHS
JIMTaH/a C aKTUBHBIM IIEHTPOM ()epMeHTa SIBISIETCS] MO-
JIEKyJsIpHOE MojienrpoBanue [6].

MonekynsipHOe MOJEIHPOBAaHWE — 3TO COBPEMEH-
HBIH TEOPETHUYECKHH METOJ M3YYEHHs MOJICKYIISPHBIX
CUCTEM, IIMPOKO MPUMEHSIEMBIH IPH MTOUCKE HOBBIX OHO-
JIOTHYECKH aKTHBHBIX BEILECTB W BKIIIOYAIOIIUKA B ceOs
TaKWe HaIlPaBJICHHS UCCIICIOBAHUN, KAaK CPABHUTEIIBHBIN
aHaJIN3 MOJIEKYJSIPHOTO TIOJIS, MCIOJIB30BAaHHE MOJIEKY-
JISIPHBIX AE€CKPUITOPOB, MOJICKYJISIPHBIN JOKUHT M MOJIe-
KyJIIpHasi TUHAMHKA.

CpaBHUTEIBHBIN aHAIN3 MOJIEKYJIIPHOTO MOJISt OCHO-
BaH Ha MoA0Ope JIMraHja, CllocCOOHOrO B3aUMOJICHCTBO-

BaTh C OMOJOTMYECKON MHINIEHBIO, ITyTEM COMOCTaBIIe-
HUSI B IPOCTPAHCTBE MOJICKYJISIPHBIX TOJICH, CITy)KaIuX
(dapmakoOpHBIM TPU3HAKOM. [JIaBHBIA HEIOCTATOK
JTAHHOTO METOa 3aKJIF0YaeTCsl B TOM, YTO OH IIPUMCHUM
TOJTBKO JUISL BEMIECTB CO CXOMHBIMHU CTPYKTypamu [7].

Vcnonp30BaHne MOJIEKYIAPHBIX JIECKPHIITOPOB I10-
3BOJIIET MPOTHO3HPOBATH OHMOJIOTHYCCKYIO) AKTHBHOCTH
BEIIECTB C UCIOJIb30BAaHUEM XapaKTCPU3YIOUIMX WX
cBoiicTB (eckpuntopos). K 10CTOMHCTBAM TAHHOTO Me-
TOJa MOXKHO OTHECTH BO3MOXKHOCTBH OBICTPOTO MOI00pa
OOJBIIIOTO KOTMYECTBA BEIIECTB C MPEATIONaraeMon aK-
TUBHOCTHIO. OFHAKO JaHHBI METO HE TO3BOJISET IO-
CTHYb BBICOKOH J0cTOBEpHOCTH [8].

Meton MOJICKYIISIPHOTO JIOKUHTA MPEIHA3HAYCH IS
OTIPENICIICHUST DHEPTETUYCCKU BBITOJHBIX OpPUCHTAIIUI
HCCIIEyeMbIX MOJIEKYI B IICHTPE CBS3BIBAHUS MaKPOMO-
TeKynbI-MutIeHd. OTHaKoO B JaHHOM METOJIE CYIIECTBEH-
HO YIIPOIIEHBI CXEMBI pacyeTa MEXMOJICKY/ISIPHBIX H
BHYTPUMOJICKYJSIPHBIX B3aMMOJCHCTBUMN, UYTO HAKJIAIbI-
BaeT OrpaHUYCHUS Ha KOH(POPMAITMOHHYIO TIOIBUKHOCTh
SJIEMEHTOB CUCTEMBbI JIMTaHA-MHuIIeHb [9].

Boree TOYHBIM TOIXOMOM SBIISETCS METOH MOJIe-
KyJSIpHOW AWHAMUKH, TO3BOJIAIONINA B OONbIIeH Mepe
y4ecTh KOH(DOPMAIIMOHHYIO TOIBUKHOCTbD, HO IIPUMCHE-
HUE TAHHOTO METOa TPeOyeT OOJIbIIE BRIYUCITATEIIEHBIX
PECYPCOB TIO CPaBHEHUIO C METOJOM MOJICKYJISPHOTO
JOKHHTa. MEeTO MOJNEKYIIpHOW AWHAMHUKH OCHOBaH Ha
MOJICTUPOBAHNN JIBIKCHUS aTOMOB B HCCIIEyEeMOil CH-
CcTeMe, TPH STOM aTOMBI NEPEMEIIAI0TCs COTIAaCHO OC-
HOBHBIM 3aKOHaM MEXaHUKU ¢ yuyeTroM Ban-nep-Baanb-
COBBIX U 3JIEKTPOCTaTHYEeCKUX B3aumoseiicTauii [10].

B HacTosimee Bpemst It MOJCTUPOBAHUS METOJAMH
MOJICKYJIIPHOI TUHAMUKH CTaHOBSITCS JOCTYITHBI CHCTe-
MBI Pa3MepoOM 10 MIJUTHOHOB aTOMOB, YTO JEJaeT JaH-
HBIA METOJ] MPUMEHUMBIM [T TPOTHO3UPOBAHUS OHO-
JIOTHYCCKOW AaKTUBHOCTH HAa YPOBHE B3aMMOJCHCTBUS
JIUTaH/I-MUIICHb.

Heas padoTsi. [Togdop METOTUKN MOICITHPOBAHUS
B3aMMOJICHCTBUS JIN3WHOIIPHIIA C AaKTUBHBIM IICHTPOM
AQHTUOTEH3MHIIPEBPAIIAIONIETO (hepMEHTa C HCIOIb30Ba-
HHEM METOJIa MOJICKYJISIPHOM JMHAMUKH.

MatepuaJibl 1 MeTOAbI. AHTHOTCH3UHIIPEBpAaIIa-
fomuit pepMeHT SBIAETCA ZN**-3aBUCHMOMN TIETITH/IA-
30it. Jlanusii GepmeHT comepkuT aBa aomeHa (N- u
C-ZI0MEHBI) B COCTaBE OJHOM ITOJHUIIENTHIHON LIEIH.
[Ipu KaXI0M JTOMEHE MMEETCS KaTaJUTHUCCKH aKTHB-
HbIi 1eHTp. C- 1 N-IOMCHBI SBJISIFOTCS TOMOJIOTUYHBI-
Mmu (romosnorust okono 60%), oHH pa3leseHbl MEXKIy
c000ii MOCTHKOBO#M mocienoBareabHoCcThio [11]. BhI-
nensttoT Be popmbl AIID: coMaTHUeCKHit M TECTHKY-
nsipubiid. Comaruyeckas opma BCTpedaeTcs BO MHOTHX
opraHax 4dejoBeka. TectukymspHas Gopma 3Kcrpeccu-
pyercsi B ceMeHHUKax. OTu 1Ba Buja AII® otnuarorcs
(dbopMoif CTpoeHMS, Y TECTHKYISIPHOIO OHa cdepuye-
cKas, a y COMaTHYeCKOTO — Hecepuueckas. Takxe cy-
mecTByioT nzopopmer AIID, mpeacrasmsromue codoit
onHogOoMeHHbIe (BopMbl (pepmeHTa: cBoOOmgHBIE C- H
N-nomeHbl, oOpa3yronecs 1nocie pa3pyneHns cBsizen
MEXJIy COOOM.
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Crpykrypa N-momena oOpasoBana 621 aMHHOKHC-
JIOTaMH, KOTOpbIe (DOPMHUPYIOT DIUIUICOUAHYIO (HOopMy
nomeHa. B cepenune rio0ynbl ©MeeTCsl TyHHENb, Jelis-
Uit 6eJIok Ha 1Ba CyOmoMeHa. BHYTpu 3Toi mosoctu
pacnonaraercss akTuBHbIN 1eHTp N-momena. B cyxe-
HUM KaHaJla HaXOJUTCS MOH IIMHKA aKTUBHOTO LIEHTpA.
[Ipu >TOM MPOMCXOIUT pa3lieieHue KaHaia aKTHBHOTO
[ICHTPA Ha JIBE YaCTH JJIUHOU 8 Aul7 A IIpennona-
raercs, 4To JJIMHA KaHala SIBJISIETCS JTMMHUTUPYHOIIM
(akTOpOoM NpU CBS3BIBAHMM M THIPOIU3E JUIMHHBIX
nentumos [12].

C-I0MEH MMEeT aHAJIOTMYHYIO JUIUICOUAHYIO (op-
My, kak U N-momen. Pasmepsr C-momena 72x57x48 A B
LIEHTpe OeJKa MPOXOAUT Y3KHH KaHal JUIMHOW okoyio 30

A

A, on nemur depment Ha 2 cy6romena. B stom TyHHe-
JIe HaXOIUTCS aKTUBHBIHN LIEHTP (hepMeHTa, BKIFOYAOIITHIA
MOJITEKYITY IIMHKa, HEOOXOMUMYT0 1Tst Karamza AITD [13].

Pucynok 1 — Cxemamuueckas cmpykmypa AII®

b

Pucynok 2 — Pacnonoscenue nusunonpuna ¢ monexyne AIID ¢ akmusnom yenmpe
N-konuesozo domena no dannvim penmzenocmpykmyprozo ananuza (PDB: 1086) (4 — o6wuit 6uod N-oomena,
E — pacnonosicerue monexkynvl 1u3auHONPULA 6 AKMUGHOM UeHmpe)

Jns mccienoBaHus B3aWMMOJCHCTBHS HHU3KOMOJIEC-
KYJSIPHBIX COCIMHEHUH (JMTaHIOB) ¢ aKTHBHBIM IICH-
TPOM aHTHOTEH3UHITPEBpAIIatoIiero ¢GepMeHTa HaMu
HCIIONIb30BaHa MPOCTPAHCTBEHHASI CTPYKTypa KOMILIEK-
ca GeJIOK-JTUTaH/I, IPEICTABICHHAs B Oa3e JaHHBIX ICSh.
org (upenrndukannorusii kon — 2X91) [14]. B manHoit
MOJICJIH COJICPIKUTCS B KAYECTBE JIMTAH/[a MOJICKYJIa JIH-
3UHOIIPUJIA, PACIIOJIOXKEHHAS B aKTUBHOM LieHTpe AlID.

[IpocTpaHCTBEHHAss MOJENb JIM3MHONpPHUIA ObLIa
moctpoera B mporpamme HyperChem 6.09. B aroit ke
porpaMme MpoBeJeHa ONTHMHU3AIMs T'C€OMETPUH Me-
TOMOM MOJIEKyIsipHOi Mexaunku MM+ [15]. [anee
MIPOBOJIUIIACH ONTHMHU3AIMs T'€OMETPUU HEOTrpaHUYCH-

Epom = Z{™" Ki(ry —10,)* + X7 Ky (6

4E
K. K/oic

rne Ki — KOHCTAHTA YNPYTOCTH CBS3H, 1o s T,
JUIMHA CBSA3M |, HM; [, — PAaBHOBECHAs JUIMHA CBA3M, HM;
K; — xoHCTaHTa ympyrocTu BaJe€HTHOrO yIia
Gi — BAJICHTHBIN yroJi, pajauaH, em -

Y moav*(pad)? !

paBHOBeCHHﬁ yroiua
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—6p:)* + Z?&wbl% (1 + cos(n; ¢;

ZHEG’M@HW[ quj + Zﬁeeaﬂeﬁm 8

HeIM MetozioM Xaptpu-®oxa B Oazuce 3-21G*. [lns
ydera JJIEKTPOCTATUYECKOTO B3aMMOACHCTBHS JIMTaH/Aa
C CONBBaTHPOBAHHBIM (PEPMEHTOM OBIIH PACCUUTAHBI
3apsAbl aTOMOB JIMTaHJA METOIOM TEOpHH (yHKIHO-
nana miotaoctu (TOIT) ub3lyp (Unrestricted Becke,
3-parameter, Lee-Yang-Parr) [16] ¢ 6a3ucubiMu Habopa-
mu 6-31G* u 6-311G** [17].

B nporpamme Bruosspuka [18, 19] 6suto ocyrmect-
BJICHO MOZICINPOBAHNE B3aUMOICHCTBHS JINTAaHA C AKTHB-
HBIM TIeHTpoM ATID MeTomoM MONEKYIAPHON JUHAMHUKHI
B cuitoBoM 1ojie Amber94 [20]. Pacuer nmoreHIHaabHOM
SHEPTUH B JAHHOM CHJIOBOM I10JIC IIPOU3BOIUTCS B COOT-
BETCTBHH C POPMYIIOIi:

— ®o,)) +

CrR{Cok

ri j Ti j
CBA3M, pajuaH, V, — KOHCTAaHTa JByTPaHHOTO YIVIa, :Z[b
¢, — IBYTPaHHBIH yroJl, pajinan; @~ PaBHOBECHBIH J1BY-
rpaHHbIH yromn, paauan; N, — maoxkutens (1, 2, 3, ..., i)
Ij — MEKAaTOMHOE PaccTosHUe, HM; € — BIIeKTpHYeCKas
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ITOCTOSTHHAS, %’; q, ¥ G~ 3apsiziel HOHOB, Kit; 6, 1 6, — KOH-
cTaHThl noTeHuuana Jlennapaa-/Ionca.

I[aHHaf[ MareéMarnudyeckass MOJCIb OMIIMPUYCCKU
YYUTHIBACT BaJICHTHBIC, BaH-/1ep-BaanbcoBsl U amekTpo-
CTaTUYECKHE B3aMMOJICHCTBUS B HCCIIEIYEMOH CUCTEME,
UMEA TIPU 3TOM HU3KYIO BBIYHUCIIUTCIBHYIO CIIOKHOCTD.

B nanbHeiiemM ObUIO POU3BECHO J00OABICHUE aTO-
MOB BOJIOPOZIa B COOTBETCTBHU C BaJleHTHOCTsIMU. [Tocie
9TOr0 OCIIOK BCTPAWBAJICS B BOJHOE OKPYKEHHE C TIOMO-
b0 mporpamMMel Gromacs (cBoOOAHO pacripocTpaHs-
emasi mporpamma). Jlyisi ydera BIUSHUS PAaCTBOPUTEIIS
OblIa MCIonb30BaHa Mozeiab Boasl TIP3P (three point
transferable intermolecular potentials) [21]. daunas
MOJICITb BOJIbI HMEET JKECTKYHO TCOMETPHUIO U3 3 aTOMOB,
PACIIOJIOKCHHBIX TIOA yrioM. JIsl ydera aIeKTpocTa-
THYECKOTO B3aMMOJCHCTBHSA y KaKJOTO aToMa UMEeTCs
CBOM OIIPEJEJICHHBIN 3apsi], HO CyMMAapHBIH 3apsi MoJie-
KyJbl BOJbI paBeH HyJI0. B3auMoneiicTBue HEMOISPHBIX
MOJICKYJI OTHCHIBACTCS COMIACHO MAPHOMY TOTCHIUAITY
Jlennapa-/Ixxonca. IlapameTpsl Uil JTaHHOTO B3aUMO-
JIeHcTBUS OBUIM TIONMYYECHBI IyTeM BOCIPOM3BEICHUS
OHTAJIBIINN UCIIaAPCHUA U TJIIOTHOCTHU )I(H)IKOﬁ BOJKI ITpH
craHmaptHoit temneparype [22]. Monens Boaer TIP3P
MTOJTyYHJIa IIIUPOKOE PACIIPOCTPAHCHHUE B MOJICKYIIIPHOM
MOJICITUPOBAHNH, T.K. TIO3BOJISICT TTONYYUTH JOCTATOYHO
TOYHBIC PE3YNIbTaThl MPU MOJACTHPOBAHUH THIPATHPO-
BaHHBIX OCTIKOBBIX CTPYKTYD.

Pucynok 3 — 3apsaovt amomos mooenu 600wt TIP3P

B xagecTBe Ha4aIBHBIX YCIOBHIA TUTAHA OBLT pactio-
JIO)KEH B TIOJIOCTH aKTHBHOTO LIEHTpa (hepMEeHTa.

Jlyist onTHMHU3aIU TEOMETPUH CTPYKTYpBI OB HC-
MOJTb30BaH METOJ TPAJANEHTHOrO cItycka. I'paaneHT xa-
paKTepu3yeT HalpaBJIeHNEe MAKCHMAILHOTO BO3PACTaHUS
(GYHKLMHK ¢ TepeMEHHBIMH (B JTaHHOM Clly4ae poJib Iepe-
MCHHBIX BBIITOJTHAIOT KOOPAMHATBEI aTOMOB B IIPOCTPAH-
ctBe). Takum 00pa3oM, B3sSB AHTHIPAJUEHT, MOXKHO
HAlTH HampaBlieHHe HamOombIIero yosBanus. [lpu om-
TUMU3ALU TECOMETPHUU ITPOU3BOJUTCA IMOMCK MUHUMYMa
MOTEHIINAIIBHOW SHEPIUU MOJIEKYISIPHOW CHCTEMBI, KO-
TOPBI COOTBETCTBYET YHEPTETHUECKU HAuOOIee BBITO-
HOMY TTOJIO)KEHHIO aTOMOB B ITPOCTPAHCTBE.

Ha cnemytormem sTame mpon3BOAMIOCH MOJETHPOBA-
HHUE MOJICKYISIPHOW JUHAMUKHU HMCCIIEyEeMOU CHUCTEMBI.
JTMTENEHOCTS MOZICIMPOBAHUST MOJICKYJISIPHOW JTMHA-
MHUKH COCTaBIISUIA 75 HC, TIPHA 3TOM HCITOIB30BAJICS MIar
unterpupoBanus 1 ¢c. TepmocrarnpoBanue ocymiect-
BIISIOCH C UCTIONB30BaHUeM anroput™a bepencena [23]
¢ remmneparypoii 1o 310 K (ta6i. 1).

Taonuya 1 — Temnepamypa mooenuposanus

Bpewmst (¢dc) Temmeparypa (K)
1 0
300000 10
500000 310

B pesynbrare MoAennpoBaHUsS MOJEKYISIPHOM Au-
HaMHKU OblIa IOJy4eHa TPACKTOPHUSI CUCTEMBI «IH3HU-
Hompun-All®». ITocie 3Toro ObUTO MPOM3BENEHO CpPaB-
HeHue KOH(pOpMalMi JIMraHja B pa3jn4Hble MOMEHTBI
BPEMEHH MOJCIMPOBAHUS C HKCIEPUMEHTAIBHONW KOH-
¢dopmanmeit. Jlns 31O menaw ObUIa MCIOIB30BaHA CBO-
6o1HO pacmpoctpansiemass mporpamma AutoDockTools
[24]. B Heii oqHOBpEMEHHO 0TOOpaKAIKCh [IBa BApHAHTA
PacIONIOKEHMSI TU3UHOIIPWIIA B aKTUBHOM LieHTpe AlID
— TEOPETUUCCKUI U IKCIICPUMEHTABHBIH (Tabm. 3).

JI1s Komn4ecTBEHHON OLIEHKN OTIMYHS PACHOI0Ke-
HUSI MOJICKYJTBI JIM3MHOIIPUIIA B aKTUBHOM HieHTpe AlID
[0 pe3ynbTraTaM MOJAEINPOBAHUS OT PACTIONOKEHMS 110
JIAHHBIM PEHTTEHOCTPYKTYpPHOTO aHaJiu3a Oblia TpOon3-
BE/ICHA OICHKA CPEIHEKBAJPATHIECKOTO OTKIOHEHHS

[25] nmramma OTHOCHTENBHO €r0 SKCIICPUMEHTATBHOMN
koHpopmManuu. Pacuer cpeaHeKBaapaTHIECKOTO OTKIIO-
HEHUSI IPOU3BOIHIICA 110 (POPMYJIE:

rne CKO - cpennexBagpaTHueckoe OTKIOHEHUE;
N — KONMYECTBO aTOMOB; I — PACCTOSHUE MEXKITY COOT-
BETCTBYIOIIMMH aTOMaMH |, HM.

PesyabTaTel u o0cysxaeHue. 3apsiabl aTOMOB JIH-
3WHONpPHJIA, PACCUUTAHHBIE METOIOM Teopuu (yHK-
nuonana miornoctu Ub3lyp ¢ wcmonp3oBaHueM JIBYX
6a3ucHbIX HabopoB 6-31G* u 6-311G** mpuBeneHsI B
Tabnuue 2.
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Tabnuua 2 — 3apsdvl anomos MoeKy/ bl TUSUHORPUILA GLIYUCTIEHHbIE MENO0OM Meopul QyHKYuona A
naomuocmu Ub3lyp ¢ ucnonvsosanuem 6asucnovix naopos 6-31G* u 6-311G**

3apsianl 3apsiabl 3apsanl 3apsiabl
Ne Arom 631G* | 631G+ Ne Atom 631G* | 63116+
1 (0] -0,534 -0,412 30 H 0,427 0,303
2 (0] -0,589 -0,472 31 H 0,436 0,311
3 (0] -0,601 -0,488 32 H 0,225 0,187
4 (0] -0,586 -0,470 33 H 0,172 0,152
5 N -0,624 -0,328 34 H 0,156 0,141
6 N -0,434 -0,421 35 H 0,166 0,134
7 N -0,718 -0,320 36 H 0,130 0,100
8 C 0,635 0,467 37 H 0,160 0,130
9 C -0,122 -0,121 38 H 0,133 0,108
10 C 0,509 0,325 39 H 0,123 0,094
11 C -0,016 -0,082 40 H 0,168 0,134
12 C -0,007 -0,014 41 H 0,151 0,112
13 C -0,294 -0,218 42 H 0,250 0,183
14 C -0,304 -0,269 43 H 0,168 0,132
15 C -0,130 -0,012 44 H 0,172 0,139
16 C 0,573 0,361 45 H 0,281 0,222
17 C -0,166 -0,152 46 H 0,227 0,185
18 C -0,102 -0,075 47 H 0,158 0,115
19 C -0,351 -0,244 48 H 0,161 0,133
20 C -0,248 -0,171 49 H 0,147 0,120
21 C -0,287 -0,187 50 H 0,181 0,144
22 C -0,359 -0,201 51 H 0,135 0,089
23 C 0,159 -0,114 52 H 0,125 0,082
24 C -0,180 -0,052 53 H 0,116 0,077
25 C -0,128 -0,088 54 H 0,120 0,079
26 C -0,131 -0,085 55 H 0,135 0,085
27 C -0,128 -0,088 56 H 0,381 0,264
28 C -0,183 -0,054 57 H 0,427 0,302
29 H 0,385 0,277 58 (0] -0,669 -0,549

B npouecce MonennpoBaHusl MOJIEKYISIPHON JUHA-
MHKH B TIporpamMMe brnosspuka MolneKkyina JIM3HHOIPHIIa
6puta momenieHa B akTuBHBIA 1eHTp AIID. Ilo 3aBep-
IIEHUW MOJICIUPOBAHNS OBIT OCYIIECTBIEH 3SKCIIOPT
TPAEKTOPUH JIM3MHONIPHIA U TIPOBEJICHO CPABHEHHE Te-
OpPETHYECKON W SKCHEPUMEHTATBHON KOH(pOpMAImii B
nporpamme AutoDockTools. Kordopmaruu musnHOTpH-
J1a TS 3apsiIOB aTOMOB, PACCUNTAHHBIX C UCTIOIB30BaHHU-
eM OasucHbIX HaOopoB 6-31G* u 6-311G**, npuBeacHbI
B Ta0muie 3.

Ilo pe3ynsTataM MOJEIMPOBAHMS MOJIEKYIISIPHOM
JMHAMHUKH C 3apsilaMd, COOTBETCTBYIOIIMMHU Oa3HCHOMY
Habopy 6-31G*, m3uHonpui TepsieT KOH(GOPMaMOHHYTO
ycroitunBocTh B aktuBHOM IieHTpe AIID. C 70.0 HCe Moze-
JIUPOBaHMS MONEKYIApHON quHaMUKU ATID nu3uHONpun
TepsieT YCTOWYMBYIO CBSI3b C aMHHOTPYTIIION aMHHOKHCIIO-
TBI Jm3uHA Lys-495, Haxomsniyrocs B aKkTUBHOM IICHTpE
ATI®. /Ie kapOOKCHIBHBIC TPYNIBI B JAHHOM CIydac
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MIPUTSATUBAIOTCS K aTOMY IMHKA, YTO HE COOTBETCTBYET
JIAHHBIM PEHTT€HOCTPYKTYpHOTO aHam3a. [Ipn ucrnons3o-
BaHUH 3aps/I0B aTOMOB JIM3WHOIIPHIIA, COOTBETCTBYIOIIUX
6azucHomy Habopy 6-311G™**, xapOokcwibHas rpymma,
pacHono)KeHHasl y MeTTHIHON TPYTIBI JIN3HHOIPHJIA, CBSI-
3bIBACTCS C NOHOM IIMHKA, a pyTasi KapOOKCHIIbHAS TPYTI-
ra JIM3MHOTPIIIA, HAaXOIAIIAsiCs B OPTO-TIOJIOKCHUH OT
aroma a3oTa IMUPPOIUIUHOBOTO I'€TEPOINKIIA, CBA3bIBACT-
cs1 ¢ aMuHOTpyToi mu3nHa Lys-495. Takoe pacnionoxenue
MOJIEKYJIbI TU3UHONpUIIA B akTUBHOM 1ieHTpe ATID, coot-
BETCTBYIOIIEE JTAHHBIM PEHTTEHOCTPYKTYPHOTO aHAJIM3a,
coxpansiercst tociie 70,0 He MOzeTMpOBaHUST MOJICKYIISIP-
HoM muHaMuku AIID.

J1J1st TONyYeHHBIX B Pe3ysIbTaTe MOJICINPOBAHUS MO-
JIEKYJSIPHOH JMHAMUKH KOH(OpPMALMi JIM3HHOIIPHIIA,
ObUT TIPOM3BE/ICH pacyeT CpeTHEKBaAPaTHIECKOrO OT-
KJIOHEHHUSI MOJIEKYJIbI OTHOCHTEJIBHO SKCIIEPHMEHTAIb-
HO# KoH(opmatmu (Tadmn. 4).
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Taonuuya 3 — Pacnonoscenue moneKkyivl Tu3sUHORPUNLA 8 aKkmueHom yenmpe AIID
1O pe3ybmamam Mooenuposanus MONEKYIApHoil ounamuku (6asucnolii Haoop 6-31G*
u 6asucuotil navop 6-311G**) ¢ cpasnenuu ¢ IKCREPUMEHMATIBHBIMU OAHHBIMU
(Mmonexynapnas OunamuKka «ssss-« >, PEHMZEHOCMPYKMYPHOUIL AHATIU3 = )

Bpewms (mHc)

baswucHsrii Habop 6-31G*

BazwucHsrii Habop 6-311G**

10,5

20,4

30,3

40,1

50,0

60,5

70,0

70,5
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Tabnuya 4 — Cpeonexkeaopamuyeckoe OmMKIOHEHUE MONEKYbL TUUHONPUIA RO PE3YIbIMAMAM MOOCTUPOBAHUA
MONEKYAPHOI OUHAMUKU OMHOCUMETbHO IKCREPUMEHMAIbHOU KOHpopmanyuu

CpeaHeKkBaipaTHIecKoe CpenHeKBa[paTHIECKOe
Bpewmst (Hc) OTKJIOHEHHE, 0a3MCHBIN HAOOP | OTKIIOHEHHE, Oa3uCHBII Habop
6-31G*, um 6-311G**, um
10,5 4,584 5,110
20,4 6,625 3,302
30,3 5,779 3,352
40,1 5,651 3,122
50,0 6,047 3,780
60,5 6,284 3,322
70,0 9,893 3,480
70,5 9,703 3,190

Ha pucynke 4 (tabin. 4) BUAHO, 4TO CpeIHEKBAIpa-
THYECKOC OTKJIOHCHHE i OasucHoro Habopa 6-31G*,
HaunHas ¢ 70,0 HC MOIEIMPOBAHUS MOJICKYISIPHON
JMHAMUKH, PE3KO BO3PACTAET, B TO BpPEMs, KaK TPH

12

—
=

==}

s

KHH CIBHI, HM

CpeJHEKBapaTHUEC
=
Q

HCITONIb30BaHUK Oa3ucHoro Habopa 6-311G** cpen-
HEKBaJ[PaTHYHOE OTKJIOHEHHE B TEUCHUHU BCEr0 BpeMe-
HU MOJICIIMPOBAHUsI KOJIEOJIETCSl B Ipesieiax NecsaThiX
J10JIEH HM.

40 50 60 70 80

Bpewms, He

- ® - BasucHeni Hatop 6-31G*

—&— LasucHblii Habop 6-311G**

Pucynok 4 — /lunamuxa usmenenus cpeoHeKeadpamuiecko20 OMKIOHEHUA MOIEK)Tbl TUZUHONPUILA
RO pe3ynbmamam MooenupoGanus MoaeKyIApPHOl OUHAMUKY OMHOCUMEbHO
IKCHEpUMEHMANbHOI KOHGopmayuu

Pesynerartel MoaenupoBaHus B3aUMOICHCTBUS JIH-
3UHONpHUIIA ¢ aKTUBHBIM LIeHTpoM AII®D ¢ ucnosns3osa-
HUEM 3aps/I0B aTOMOB, PACCYMTAHHBIX B pa3HBIX Oa3uc-
HBIX Habopax (GasucHbIil HaGop 6-31G* u GasucHBI
Habop 6-311G**) okasanuch pasznuyHbl. [IpumMeHeHue
6asucHoro Habopa 6-311G** nmms pacdera 3apsmoB
aTOMOB JIUTaHJIa TPU MOACITHPOBAHUU MOJCKYISIPHON
JUHAMHUKHU CBSI3bIBAHUSI C aKTUBHBIM LieHTpoM AIlD
MTO3BOJISICT TOCTUYb PE3YNbTaTOB ONM3KUX K IKCICPH-
MEHTAJThHBIM JaHHBIM. [Ipu 3TOM coxpaHsSeTcs pacto-
JIOKEHHUE MOJICKYJIBI IN3HHOIPUIIA B aKTUBHOM IICHTpE
AII® cooTBeTcTByIOIIEEe TAaHHBIM PEHTTCHOCTPYKTYP-
HOTO aHaju3a.

3akuaouenue. V3 pe3yasTaToB MpOBEICHHOTO MOJIE-
JUPOBAHUSI MOJCKYISIPHON AMHAMHUKHN B3aUMOICHUCTBUS
JIN3UHONPUJIA C aKTUBHBIM LIeHTpoM AII® moxHO cie-
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JIaTh BBIBOIl O TOM, YTO METO]] pacdeTa 3apsioB aTOMOB
SIBIISICTCS] BAKHBIM TTaPaMeTPOM, KOTOPBIHA CIIEAYeT Y9H-
THIBAaTh MIPH UCCIICIOBAHUH B3aMMOJICHCTBHUS BEIICCTB C
aktuBHBIM IIeHTpoM AIID. [IpeamonoxurensHo Oaswc-
HBIA HaOOp 6-311G** MoxeT OBITH MCIIONB30BAH B JIaH-
HOW METOAMKE I pacdyeTa 3apsIoB aTOMOB MOJICKYJ
CXOIHBIX TI0 XUMHAYECCKOH CTPYKTYpE C JIM3UHOIIPHIIOM U
MMEIOIINX HYJIEBOI 3apsi.

[To pe3ympraTam MpOBEIEHHOTO HCCICAOBAHUS OBLI
moJJ00paH KBaHTOBO-XHMHYECKHH METOJ pacdera 3apsi-
JIOB aTOMOB JIITaH/IA, & TAK)KE METON M MapaMeTPBl MO-
JETUPOBAHUS MOJICKYJISIPHON TUHAMUKH, TTO3BOJISIOIINE
JOOUTBCS TEOPETHUCCKOTO BOCIIPOM3BEICHUS XapaKTe-
PHUCTHK CBSI3BIBAHUS MOJCKYIBI IM3WHOIIPHIA METOIOM
MOJICKYIISIPHON IMHAMHUKH B COOTBETCTBHU C JTaHHBIMHU
PEHTTCHOCTPYKTYPHOTO aHAJIH3a.
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Introduction. Inhibitors of angiotensinconverting
enzyme (ACE) are a group of chemical substances, used
directly for treatment of hypertension and chronic heart
failure. The principle of action of ACE inhibitors is based
on blocking the conversion of angiotensin | into angio-
tensin 11, which mediates vasodilation. This also reduces
the secretion of aldosterone by adrenal cortex and in-
creases concentration of bradykinin by decreasing its in-
activation by the enzyme (ACE). Bradykinin, in its turn,
interacting with B,-kinin receptors in vascular endothe-
lium, triggers the release of other vasodilating factors,
causing even more relaxation of smooth muscles [1].

At the present stage of hypertension treatment an-
giotensin converting enzyme inhibitors are widely used.
When they are taken, a coronary, renal, muscle and ce-
rebral blood circulation becomes normal, which is an
important advantage of this group of drugs. Angioten-
sin-converting-enzyme inhibitors decrease total periph-
eral vascular resistance, post - and preload on the myo-
cardium, reduce the incidence of arrhythmias, improve a
cardiac function in the diastolic phase.

Along with this, there is prevention of development
of left ventricular hypertrophy, and minimization of
probability degree of ischemia and fibrosis of the myo-
cardium development. Hypertrophy of smooth muscles
of arterial walls is also prevented [2]. Due to blood pres-
sure jumps and increasing intra-cerebral hypertension
the damage of blood vessels in kidneys takes place. ACE
inhibitors protect kidneys in treatment of hypertension.

The signs of improvement in renal function are
marked by patients with chronic renal failure while re-
ceiving ACE inhibitors in the absence of pressure jumps.
While taking drugs increasing diuresis, in addition to
ACE inhibitors, it becomes possible to reliably control
the blood pressure level for a long period of time in pa-
tients with essential hypertension. ACE inhibitors also
affect the production and release of aldosterone from the
adrenal glands, causing the increase of urine output, the
increase of the potassium level and the increase of the
sodium level of the body, normalization of water-electro-
lyte metabolism [1].

ACE inhibitors have an antisclerotic effect in the
spectrum of biological activity caused by the inhibition
of the formation of angiotensin Il on the surfaces of en-
dothelial cells and the increase of nitric oxide formation,
the main dilatation factor of vascular walls. While taking
ACE inhibitors, the level of high density lipoprotein also
increases in the blood and the level of atherogenic frac-
tions of lipids decreases [3]. The substances having the
ability to inhibit ACE also influence carbohydrate metab-
olism. There is an increase in the sensitivity of tissues to
insulin, and the glucose metabolism improves as a result
of normalization of tissue circulation and an increase of
the bradykinin level [4].

In the middle of the 70s of the 20th century a new
ACE inhibitor, lisinopril which is a lysine derivative of
enalapril (another ACE inhibitor), was obtained syntheti-
cally. Lisinopril has a number of features that set it apart
from the vast majority of ACE inhibitors. Lisinopril is not

a prodrug, it is the active substance; lisinopril is not me-
tabolized in the body and excreted by kidneys, so it can
be recommended in liver diseases. This substance is mar-
ginally associated with blood plasma proteins (5-10%),
making lisinopril compatible with other drugs, coming
into a competitive interaction with blood plasma proteins
[5]. Caused by these benefits, lisinopril is widely used
in medicine, and the search for new inhibitors with such
properties will expand the range of drugs for hyperten-
sion treatment. Due to the presence of special chemical
structures, Lisinopril, like other ACE inhibitors, is able to
interact with zinc ion and amino acids within the active
enzyme site, and thus reduces the activity of the enzyme,
which is associated with the conversion of angiotensin |
into biologically active angiotensin I1.

Taking into consideration the complexity of the re-
lationship between chemical structure and affinity to the
active center of ACE, it seems appropriate to carry out a
detailed study of molecular mechanism of binding new
inhibitors with the enzyme. At present one of the widely
used methods of studying the mechanism of ligand inter-
action with the enzyme active site is-molecular modeling
[6].

Molecular modeling is a modern theoretical methods
of studying different molecular systems widely applied
in search for new biologically active substances. It com-
prises such research areas as comparative molecular field
analysis, molecular descriptors, molecular docking and
molecular dynamics.

A comparative molecular field analysis is based on
the selection of a ligand that can interact with a biologi-
cal target, by comparing molecular fields being pharma-
cophoric indicators in space. The main drawback of this
methods is that it is only applicable for substances with
similar structures [7].

The use of molecular descriptors allows predicting bi-
ological activity of substances using their describing prop-
erties (descriptors). The advantages of this method could
include the possibility of rapid selection of a large number
of substances with suspected activity. However, this meth-
od does not allow achieving a high reliability [8].

Amolecular docking method is designed to determine
the energetically favorable orientations of the explored
molecules in the binding site of the macromolecule-tar-
get. However, this method is significantly simplified in
the calculation of intermolecular and intramolecular in-
teractions that imposes restrictions on the conformational
mobility of the ligand-target system elements [9]. Mo-
lecular dynamics is a more correct approach that allows
taking into account a far greater degree of the conforma-
tional mobility, but the use of this method requires more
computational resources compared to the method of mo-
lecular docking. The method of molecular dynamics is
based on modeling of atoms movement in the system,
hereby atoms move according to the basic laws of me-
chanics and electrostatics [10].

Nowadays a molecular dynamics simulation meth-
ods could be available for the systems of the size up to
millions of atoms making this method applicable for
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predicting biological activity at the level of ligand-target
interaction.

The aim of the work is a selection of methods of
lisinopril interaction modeling with the active center of
angiotensin-converting enzyme by molecular dynamics
methods.

Materials and methods. An angiotensinconverting
enzyme is a Zn?"-dependent peptidase. The enzyme con-
tains two domains (N- and C-domains) consisting of one
polypeptide chain. Each domain has a catalytically active
center. The C- and N-domains are homologous (the ho-
mology is about 60%), they are separated by a bridging
sequence [11].

There are two forms of ACE: somatic and testicular.
The somatic form is found in many human organs. The
testicular form is expressed in testes. These two types of
ACE differ in their shape of structure: the testicular has a
spherical form, the somatic has an aspherical form. There
are also isoforms of the enzyme, which are single-do-
main forms: free C- and N-domains are formed after the
destruction of links between them.

The structure of the N-domain is made up by 621
amino acids that form the ellipsoidal shape of the do-
main. In the middle of the globule a tunnel is located

A

that divides the protein into two subdomains. Inside this
cavity the active site of the N-domain is situated. In the
channel narrowing of the active site a zinc ion is situated.
Hereby the separation of the channel into two parts hav-
ing lengths of 17 A and 8A takes place. It is assumed that
the channel length is the limiting factor in binding and
hydrolysis of long peptides [12].

The S-domain has the same ellipsoidal shape as the
N-domain. The sizes of the S-domain are 72x57x48A. In
the center of the protein there is a narrow channel having
the length of about 304, it divides the enzyme into 2 sub-
domains. The active site of the enzyme is located in this
tunnel; the active site includes a zinc ion, essential for
catalysis of ACE [13].

Figure 1 — Schematic structure of ACE

B

Figure 2 — Location of lisinopril in the molecule of the enzyme in the active site of the N-terminal domain
according to the x-ray results (PDB: 1086) (A — general view of the N-domain, B is the location of the lisinopril
molecule in the active site)

For studying low molecular substances (ligands)
with the active site of the angiotensin-converting enzyme
(ACE) we used a three-dimension structure of the pro-
tein-ligand complex, represented in the rcsb.org database
(PDB ID is 2x91) [14]. In this model a molecule of lis-
inopril is represented as a ligand in the active center of
ACE.

A spatial model of lisinopril was built in the Hyper-
Chem 6.09 program. With this program the geometry
optimization with use of the molecular mechanics force
field MM+ was also carried out [15]. Further the geom-
etry optimization using the unrestricted Hartree-Fock’s
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method (UHF) in 3-21G™* basis set was carried out. To
take into account the electrostatic interaction of the li-
gand with the enzyme, the atomic charges of the ligand
were calculated on the basis of the density functional
theory (DFT) method UB3LYP [16]. Hereby-basis sets
6-31G* and 6-311G** [17] were used.

Using the Bioeurica program [18, 19] the interaction
of the ligand with the active center of the enzyme was
simulated by the molecular dynamics method with the
use of Amber94 force field [20]. The calculation of the
potential energy for this force field is produced in accor-
dance with the following equation:
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bonds

= ZKI(’/;

angles

nonvalent
qz q/

) 4ré,

L]
where Ki is an elasticity constant of bond
is a bond i length, nm; r_.
nm; K is a valence angle elasticity constant, m 0,
isa valence angle, radian; 0 ,is an equmbnum angle, ra-
dian; V, is a dihedral angle constant - ¢, is a dihedral
angle, radlan @, is an equilibrium dihedral angle, radian;
n, is a multiplier 1, 2, 3, ... i); g is an interatomic dis-

tance, nm; € is a dlelectrlc constant, ﬁ, g, and q, is an
atom charges C; S, and o, are Lennard-Jones’ potential
constants.

This mathematical model takes into account the em-
pirical valence, Van der Waals’ and electrostatic interac-
tions in the researched system, hereby having low com-
putational complexity.

The structure of protein was subsequently produced by
adding hydrogen atoms in accordance with valences. Fur-
ther on the protein was embedded into the aqueous envi-
ronment on the basis of Gromacs program. To take into ac-
count the solvent effects the TIP3P water model (three point
transferable intermolecular potentials) was used [21]. This
model has a rigid geometry of 3 atoms, which are placed at
an angle. Each atom of this model has a certain charge but
the total charge of the water molecule is equal to zero.

The interaction between nonpolar molecules is de-
scribed according to the pair Lennard-Jones’ potential.
The parameters for this interaction were obtained by
reproducing the enthalpy of vaporization and density of
liquid water at the standard temperature [22]. The TIP3P
water model is widespread in molecular modeling, be-
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cause it allows to obtain sufflciently accurate results in
the simulation of the hydrated protein structures.

Figure 3 — Atomic charges of TIP3P water model

As the initial condition, the ligand was located in the
cavity of the active center of the enzyme.

The gradient descent methods was used for the ge-
ometry optimization of the structure. The gradient de-
scribes the direction of the maximum increase of the
function with variables (in this case, the coordinates of
the atoms in space play the role of variables). Thus, tak-
ing antigradient, it is possible to find the direction of the
greatest decrease. In case of geometry optimization the
minimum of the potential energy of the molecular system
is searched for, which corresponds to the energetically
most favorable arrangement of atoms in space.

In the next stage the molecular dynamics simulation
of the researched system was performed. The duration
of molecular dynamics simulation was 75 ns and the
integration step was 1 fs. The temperature control was
carried out using Berendsen’s algorithm [23] with the
temperature up to 310 K (Table 1).

Table 1 — Simulation temperature

Time (fs) Temperature (K)
1 0
300000 10
500000 310

As a result of a molecular dynamics, a trajectory of
the system of «lisinopril-ACE » was obtained. After that
a comparison of the ligand conformations at different
points in simulation time with the experimental confor-
mation was made. For this purpose the AutoDockTools
program [24] was used. It simultaneously displayed two
locations of lisinopril in the active center of ACE - theo-
retical and experimental (Table 3).

For quantifying the differences of the lisinopril mol-
ecule location in the active center of ACE according to
the results of simulation from the location known from
the x-ray analysis results the calculation of the root mean
square deviation [25] of the ligand relative to the exper-

imental conformation was carried out. Calculating the
root mean square deviation (RMSD) was made according
to the equation:

where RMSD is a root mean square deviation, nm; N
is a number of atoms; r, is a distance between the corre-
sponding atoms i, nm.

Results and discussion. The atomic charges of the
ligand, calculated on the basis of the density functional
theory (DFT) method ub3lyp using the basis sets 6-31G*
and 6-311G**, are presented in Table 2.
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Table 2 — The atomic charges of the lisinopril molecule calculated by the density functional theory method
ub3lyp using basis sets 6-31G* and 6-311G**

Charges Charges Charges Charges
e Atom 6-31G* | 6-311G** e Atom 6-31G* | 6-311G**
1 O -0.534 -0.412 30 H 0.427 0.303
2 O -0.589 -0.472 31 H 0.436 0.311
3 O -0.601 -0.488 32 H 0.225 0.187
4 O -0.586 -0.470 33 H 0.172 0.152
5 N -0.624 -0.328 34 H 0.156 0.141
6 N -0.434 -0.421 35 H 0.166 0.134
7 N -0.718 -0.320 36 H 0.130 0.100
8 C 0.635 0.467 37 H 0.160 0.130
9 C -0.122 -0.121 38 H 0.133 0.108
10 C 0.509 0.325 39 H 0.123 0.094
11 C -0.016 -0.082 40 H 0.168 0.134
12 C -0.007 -0.014 41 H 0.151 0.112
13 C -0.294 -0.218 42 H 0.250 0.183
14 C -0.304 -0.269 43 H 0.168 0.132
15 C -0.130 -0.012 44 H 0.172 0.139
16 C 0.573 0.361 45 H 0.281 0.222
17 C -0.166 -0.152 46 H 0.227 0.185
18 C -0.102 -0.075 47 H 0.158 0.115
19 C -0.351 -0.244 48 H 0.161 0.133
20 C -0.248 -0.171 49 H 0.147 0.120
21 C -0.287 -0.187 50 H 0.181 0.144
22 C -0.359 -0.201 51 H 0.135 0.089
23 C 0.159 -0.114 52 H 0.125 0.082
24 C -0.180 -0.052 53 H 0.116 0.077
25 C -0.128 -0.088 54 H 0.120 0.079
26 C -0.131 -0.085 55 H 0.135 0.085
27 C -0.128 -0.088 56 H 0.381 0.264
28 C -0.183 -0.054 57 H 0.427 0.302
29 H 0.385 0.277 58 O -0.669 -0.549

Using Bioeurica’ program, in the process of mo-
lecular dynamics simulation, the lisinopril molecule
was placed into the active center of the ACE. At the
end of the simulations the trajectory was exported
and then the comparison between theoretical and
experimental conformations in the program AutoDo-
ckTools was made. The conformations of lisinopril
in the active center for charges of atoms, calculated
using the basis sets 6-31G* and 6-311G**, are shown
in Table 3.

According to the results of molecular dynamics simu-
lation with the charges corresponding to basis set 6-31G*,
lisinopril does not lose its conformational stability in the
active center of the enzyme. At 70.0 ns lisinopril is los-
ing its stable bond with the amino group of lysine Lys-495
located in the active center of the ACE. In this case two
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carboxyl groups are attracted to the zinc ion which does
not correspond to the results of the x-ray analysis.

When using 6-311G** basis set for the lisinopril
atomic charges calculation, the carboxyl group located
near the peptide group of lisinopril binds with the zinc
ion and the other carboxyl group of lisinopril, which is in
the ortho-position relatively to the nitrogen atom of the
heterocycle pyrrolidinone, is connected with the amino-
group of lysine Lys-495. This location of the lisinopril
molecule in the active site of the ACE corresponds to the
results of x-ray analysis and the location is retained after
70.0 ns of molecular dynamics of ACE.

For the obtained results of molecular dynamics sim-
ulation, the root mean square deviation of simulation
lisinopril conformation, regarding to the experimental
conformation, was calculated (Table 4).
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Table 3 — Location of the lisinopril molecule in the active center of ACE according to the results
of molecular dynamics simulation (basis set 6-31G* and basis set 6-311G**) in comparison
with the experimental results (molecular dynamics

» , x-ray analysis ——)

Time (ns)

Basis set 6-31G*

Basis set 6-311G**

10.5

20.4

30.3

40.1

50.0

60.5

70.0

70.5
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Table 4 — Root mean square deviation of lisinopril conformation according to the results
of molecular dynamics simulation regarding to the experimental conformation

Time (ns) Root mean square deviation | Root mean square deviation
(basis set 6-31G*), nm (basis set 6-311G**), nm
10.5 4.584 5.110
20.4 6.625 3.302
30.3 5.779 3.352
40.1 5.651 3.122
50.0 6.047 3.780
60.5 6.284 3.322
70.0 9.893 3.480
70.5 9.703 3.190

Figure 4 (Table 4) shows that the root mean square
deviation for the basis set 6-31G* beginning with 70.0 ns
of molecular dynamic simulation makes a sharp increase,

while the root mean square deviation corresponding to
the basis set 6-311G** stays is in the range of the tenths
parts during all time of the simulation.

Figure 4 — Changes of root mean square deviation of lisinopril conformation according to the results
of molecular dynamics simulation regarding to the experimental conformation

The results of the simulation of lisinopril interac-
tion with the active center of the ACE with the usage of
atomic charges calculated in different basis sets (basis set
6-31G* and basis set 6-311G**) were different. Basis set
6-311G** is more suitable for the calculation of atomic
charges of the ligand in of molecular dynamics of the
ACE. In this case, the correct location of lisinopril in the
active center of ACE retained stable and corresponded to
the results of the x-ray analysis.

Conclusion. Based on the results of molecular dy-
namics simulation of lisinopril interaction with the en-
zyme active center it can be concluded that the method of
calculation of atomic charges is an important parameter,
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which should be considered in the studying of substanc-
es interaction with the active center of the enzyme. Pre-
sumably, 6-311G** basis set can be used in this method
to calculate atomic charges of the molecules, which are
similar in the chemical structure with lisinopril and the
ones having a zero charge.

According to the results of the study, a quantum
chemical method suitable for the calculation of atom-
ic charges of the ligand has been selected, and also the
methods and parameters of molecular dynamics sim-
ulation allowing to achieve the theoretical playback of
ligand binding with the active center according to the
x-ray analysis results.
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Iywiko Anekcandp Anexceeeuu — kanoudam ¢ap-
MAYeemu4eckux HayK, npenooasamensb Kageopvl Heop-
2anuveckou, Quzuyeckol u KoalouoHou xumuu Ilamu-
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OBECMEYEHUE NEKAPCTBEHHbIMWU NPEMAPATAMU
BUY-UHOULIMPOBAHHDbIX B YYPEXAEHUAX YTO/TOBHO-
UCNO/IHUTENbHOMN CUCTEMbI KPACHOLAPCKOTO KPAA

HU B. Kanunun', TH. Kabaxoea?

Y @edepanvroe kasennoe yupesicoenue 30pagooxpanenus
«Meouxo-canumapnas uacmo Ne 23 Dedepanvrotl cyscoObl UCNOTHEHUS HAKA3AHULL,
350018, Poccus, 2. Kpacnooap, yn. Kameonvnas, 0. 10
E-mail: kalinin-i-v@mail.ru
2[Tamuzopckuii meouro-papmayeemuyeckuti uncmumym-guiuanr @I'EOY BO
«Boneozpaockuii 2ocyoapcmeenubiti MeOuyuHckuil ynueepcumem» Mun3zopasa Poccuu,
357532, Poccus, 2. [lamuzcopck, np. Kanununa, 0. 11
E-mail: kabtais@mail.ru

CmpemumenvHoe pacnpocmparetue supyca ummyHooeguyuma uenogexa (BUY-ungexyuu) sedem e moavko K
nomepe 300p06bs TUYAMU, COOEPAHCAUWUMUC 8 NEHUMEHYUAPHBIX OPLAHUZAYUAX, HO U K YEETUUEHUIO MAMEPUATbHBIX
3ampam Ha 1ekapcmeenHoe obecneyenue UHPUYUPOBAHHLIX & ycaosusax deguyuma brodxcema Poccutickou @edepa-
yuu. Llenvro uccnedosanus s6unocy ucciedosanue npoonem jekapcmseenno2o obecnevenus BUHY-unguyuposannuix u
nouck ux pewenus. Mamepuanwvt u memoowt. Vcciedosanue npogedeno Ha 0CHO8e CIAMUCUYECKUX OaHHBIX, MeOU-
YUHCKOU OMYEmHOCIU U OYXeaimepcKux omuemos NeHUmeHyuapHol MeOUyuHCKOU Opeanu3ayuu ¢ UCHOAb308aAHUEM
Memo008 KOHMEHM-ananu3d, OOKYMEeHMAIbHO20 HAOI00eHUs, 2PYNNUPOGKU U cpasHeHus nokazamenel. Pesynbma-
mul u oocyyncoenue. Ycmanoeieno, 8 yupercoeHuax y20i06HO-UCNOIHUMENbHOU CUCEMbl CIPEMUMENbHO NPOOOI-
arcaem pacmu wucio BUY-unpuyuposannvix. Onpedeneno, umo 6 nacmosiuyee 8pems 8 Y20106HO-UCHOTHUMENbHOU
cucmeme (YUC) Kyvbanu ucnonvsyemes moavko 5 Knaccoé anmupemposupycHbix 1eKapCmMeeHHbIX NPenapamos u3
10 xraccos, npedcmasnennvix na Poccutickom gpapmayesmuueckom puinke. Ilpu smom naubonsuiee Koiuuecmso je-
KapCmeEeHHblX NPenapamos, UCHONb3YeMbIX 8 NeHUMEHYUAPHOU MEOUYUHCKOU Opeanu3ayul 015 npoeedeHus anmupe-
mposupycrou mepanuu (APBT), omrocumcs k kiaccam «Hyxkneo3uonvie uneubumopst 00pamuoi mpaHcKpunmazvl»
u «Mneubumopuvl npomeasvr», a ocmanwvhvie kiaccoel APBT nexapcmeennvix npenapamos npedcmagienvt moavko 1
MENCOYHAPOOHBIM HENAMEHMOBAHHbIM HauMeHosaHueM (panmezpasup, sH@yeupmuo, smpasupun). Jlekapcmeenmvle
npenapamaul 01 1e4eHUsl COYUATbHO 3HAYUMBIX UHDEKYUOHHBIX 3A0071e6aHULL NOCMABTAIONCA 8 PAMKAX YeHMPATU30-
BAHHBIX NOCMABOK U NOTHOCMbIO 0DECNEUUBAIOM PESUOHANLHYIO NompebHOCmb. Bulsignena u onpedenena cmpykmypa
nocmaswurog. Ocnosnvimu nocmaswuxamu ¢ 2016 e. asunucy AO «Hayuonanbnas umMmyHOOUOI02UYECKAS KOMNA-
Hua» u AO «P-@APM». Yemarnosnen ocmpulii HeOOCMAmoK 1eKapCmEeHHbIX NPenapamos 05 ieueHusi OnnopmyHu-
cmuueckux uHgekyuil, 68udy HedOCmamouyrHo2o Qurancuposanus. OnpedeieHa HeodXOOUMOCIb 8 CPOYHOU 3aMe-
He MamepuaibHO-MexXHU4ecKol 6a3vl NeHUMEHYUAPHBIX anmeK Osl COOM00eHUsl NPABUL XPAHEHUS JIeKAPCMBEHHbIX
cpeocme u obecnedenuss ux COXpanHocmu. Boissienvl necogepuiencmeo yuema MeOuKamenmos u ocmpas Heooxoou-
MOCTb YEHMPATUIAYUU CUCEM NepcoHuduyuposantozo yuema. Onpeoenena peanbHas nompeobHOCmb 8 YeenuieHuu
@unancuposanua u co30aHUs YeHMpaibHOl anmeyHoll opeanuzayuu. 3aKauenue. Boissiennvle nedocmamku ceu-
demenbecmeylom 06 ocmpou NOMpPeOHOCMU 6 OMKPLIMUU YEHMPALbHOU ANMEYHOU OP2AHUZAYUU 8 MEPPUMOPUATLHBIX
0p2anax y2on08HO-UCHOTHUMENLHOU CUCTEMbl U CO30AHUS YeHMPATU308AHHOU CUCTEMbl NePCOHUPUYUPOBANHO2O
yuema MeOUYuHCKO20 UMywecmed, a makice 8 COBePULEeHCMBOBAHUY NPOYeccd 8e0eHUsl MeOUYUHCKOU OOKYMeHMd-
yuu u ysenuueHuu 00bEM08 QUHAHCUPOBAHUSL.

Kniwouegwie cnosa: BUY-unghexyus, anmupemposupychas mepanusi, y20106H0-UCHOTHUMENbHASL CUCEMA

Jist HMTHPOBAHMS: For citation:
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BUY-MHOUIMPOBAHHLIX B YLIUPE)KI[EHI/IHX DRUG PROVISION OF HIV-INFECTED CRIMINALS IN
VYT'OJIOBHO-UCIIOJIHUTEJIbBHOU CUCTEMbI INSTITUTIONS OF CRIMINAL-EXECUTIVE SYSTEM
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DRUG PROVISION OF HIV INFECTED CRIMINALS IN INSTITUTIONS
OF CRIMINAL-EXECUTIVE SYSTEM OF KRASNODAR REGION

1.V. Kalinin!, T.l. Kabakova?

!Federal state healthcare institution “Medical and sanitary unit No. 23 of the Federal criminal-executive system”,
10, Kamvolnaya Str., Krasnodar, Russia, 350018
E-mail: kalinin-i-v@mail.ru
2pyatigorsk Medical Pharmaceutical Institute of Volgograd Medical State University,
11, Kalinina Ave., Pyatigorsk, Russia, 357532
E-mail: kabtais@mail.ru

The rapid spread of human immunodeficiency virus (HIV) leads not only to loss of health in persons held in
penitentiary institutions, but also to an increase in material costs for drug coverage of the infected, causing the deficit
in the budget of the Russian Federation. The aim of the study is the investigation of the problems in drug supply of
HIV-infected people and to search for their solutions. Materials and methods. The investigation was conducted on the
basis of statistic data, medical statements and accounting to reports of the penitentiary medical organization using
methods of analysis, documentary observation, grouping and comparison of data. Results and discussion. It has been
established that in institutions of the penal system the number of HIV-infected criminals continues to grow rapidly. It
has been determined that currently in the criminal-executive system (CES) of Kuban’ only 5 classes of antiretroviral
drugs out of the 10 classes represented on the Russian pharmacy market are used. Hereby the greatest number of
drugs used in prison medical organization for conducting antiretroviral therapy (ARVT), are classified as ““Nucleoside
reverse transcriptase inhibitors” and ““Protease Inhibitors™, and other classes of art drugs are represented by only
one international nonproprietary name (raltegravir, enfuvirtide, etravirine). Drug treatment of socially significant
infectious diseases is supplied centrally and completely satisfies regional needs. The structure of suppliers has been
identified and determined. In 2016 the main suppliers were Joint-stock companies (JSC) “National Immunobiological
Company” and “R-PHARM”. An acute shortage of drugs for opportunistic infections due to insufficient funding
has also been determined. The necessity for urgent replacement of material-technical base in prison pharmacies for
compliance with the rules of storage of medicines which can ensure their safety was identified. The imperfection of
accounting medicines and urgent necessity of the centralization system of personified registration were revealed. Real
needs in funding increasing and the establishment of Central pharmacy were identified. Conclusion. The revealed
deficiencies indicate a critical need for opening Central pharmacy in the territorial bodies of the criminal-executive
system and establishing a centralized system of personified registration of medical property, as well as improving the

process of medical record keeping and the increase in funding.
Keywords: HIV infection, antiretroviral therapy, criminal-executive system

Benenne. B HacTosmiee BpeMsi akTHBHU3aNus pac-
MIPOCTPaHEHHsI BHpyca HMMYyHoAe(duIMTa dYeJIoBeKa
(BUY-undpexuun) B Bocrounoii EBpone u LieHTpansHoi
Aszum TpeOyeT yCHIIHiA 110 POTHUBOICHCTBHIO 3a00J1eBa-
HUIO M TIPEOJOJICHHIO ero nocnenctsuii [1-4]. Ocoben-
HOCTBIO 3a0onieBaHus sBiseTcs pazButne y BUY-un-
(ULIUPOBAHHBIX COMYTCTBYIOIMX 3aboneBaHui [5-8].
Boprba ¢ ONMmOpTYHHUCTHYECKHMMH HHQEKIMUIMH SIBIISI-
€TCsl OJHOM M3 OCHOBHBIX 3ajau npu nedenun BUY B
YCIIOBHSX MEHUTEHIMAPHOTO 3/paBooXpaHeHus [9-12].
Cayuan BUY-un¢exnmn, accouupoBanHOM ¢ TyOepKy-
JIe30M WJTM BUPYCHBIMH T€IIATUTAMH B YUPEXKJICHUSIX yTO-
JOBHO-UcTONHUTENBHON cuctembl (YUC), cocraBisroT
OoJiee TIONOBHHBI OT 00mIero yucna 3adoneBanuid [13].
[Tpn sTom BUY-undexnus ymensimaer 3pGeKTHBHOCTD
JedeHus TyOepKyie3a U BIHMSIET Ha €ro IporpeccupoBa-
Hue [14-17]. B 1991 rony Ha rore Poccun peructpupy-
IOTCSI BCTIBIIIKK BHYTPHOOJEHUYHOM 3a00JICBAEMOCTH
BUY-undpexunn [18]. BonpmacTBo BUY-M03UTHBHBIX
B Poccuiickoit denepanuu cOCTaBISIOT MYyKYHHBI [19,
20], ocHOBHasl 4acTh KOTOPBIX ObliIa 3apakeHa MpHU YIIO-
TpeOIeHN UHBEKIMOHHBIX HapKOTHKOB [19, 21].

Lleabi0 HACTOSIIErO HWCCIIEAOBAHUS SBWIOCH H3Y-

YeHHEe OCOOEHHOCTEH o0ecredyeHus JEKapCTBEHHBIMU
npenaparamu (JIII) B NEeHUTCHIMAPHBIX YYPEIKICHHUSIX
Kpacnonapckoro kpast 1Uis IOCIIEAYIOIIEr0 aHaIN3a IIPo-
0J1eM M TIOMCKa MX PELICHUH.

MarepuaJsl 1 MeTOABL. [{11s IPOBEIEHHSI UCCIIEN0-
BaHMs OBUTH MCIIOIB30BAHBI METO/IBI CTATHCTHYECKOTO H
CHCTEMHOTO aHalli3a, CPABHEHUS U TPYIIIUPOBKHU ITOKa-
3aresneil. MarepranaMu HCCIIEIOBAHMS CITY KM OTYETHI
0 JEATETBHOCTH (he/IepaTbHOTO Ka3eHHOTO YUPEKACHHS
31paBooxpaHeHust «Menuko-caHnTapHas 4actb Ne 23
denepanbHOU CiTyKObI HCTIONHEHH HakazaHuil» (DKY3
MCU-23 ®CUH Poccun) Poccun 3a 2015-2016 rr; nan-
HBIE OyXTaJTepcKoW OTYETHOCTH, OTYETHI O 3abolieBae-
MOCTH U CMEPTHOCTH CIEIKOHTHHIE€HTa B PErHOHalIb-
HOW TMEHUTEHIUAPHON MEIUIMHCKOW OpraHm3aluM 3a
2015-2016 rr; naHHbIC BBIC3AHBIX IPOBEPOK TEPPUTOPH-
anbHBIX opranoB Poc3npaBHanzopa no KpacHonapckomy
kparo u PecnyOnuke Anpires.

Pe3ysbTarsl u 00cy:xneHue. B xone npoBeaeHHbBIX
HaMH HCCJIEAOBAaHUN YCTAHOBIEHO, YTO MEAMIIUHCKOE
oOecrieueHne 1mo103pEeBaeMbIX, OOBUHICMBIX, OCYKICH-
HBIX, conepxkamuxcs B yupexaenusx YMUC Kpacuonap-
CKOTO Kpasl, U COTPYJHHUKOB YTpaBieHUs (elepabHOH
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cnyx0br  ucronaerust Hakazauuit (YOCHH) Poccun
no Kpacuomapckomy kparo (KK) u YOCHUH Poccum
no Pecrybmuke Ampirest (PA) ocymiecteisitor 25 du-
manoB ®KY3 MCU-23 ®CHUH Poccuu Ha ocHOBaHUHU
JUICH3UN, BBIIAHHBIX TeppUTOpHANBHBIMU OpraHaMu
Poc3apaBHan3opa Ha MPaBO OCYMICCTBICHHUS MEIUIIMH-
CKOHM ¥ (hapMaIleBTUYCCKOU AEATCIILHOCTH, a TAKXKE JIU-
LIEH3UIl Ha JEeSATETBHOCTh MO 00OPOTY HAPKOTHYECKHUX
CPEACTB, MCHXOTPONHBIX BEIIECTB, MX IPEKYPCOPOB,
KyJIBTUBUPOBAHUIO HAPKOCOIEPIKAIIUX PACTCHUH.

BbIsiBI€HO, YTO JeSITENILHOCTD (DUITNATIOB OCYIIECT-
BIISIETCS B COOTBETCTBUHU C YCTaBOM, 3aKOHOAATEIEHBIMU
U UHBIMH TIPAaBOBBIMM aKTaMH, MpHUKa3zaMu MwuHIOCTa
Poccun m @®CHH Poccun, a Takke HOPMaTUBHBIMU akK-
TaMu M npukazamu Munszapasa Poccun, MBJl Poccun
U IpyTuXx (enepanbHBIX OPraHOB MCTIOTHUTEIBHOM BIla-
CTH, TOJOXKEHUsIMH O Quimanax. [ns HexomylieHus
HEBBINTOJTHEHUS TIOCTABICHHBIX MEpea MeHUTEHIIMAPHOI
MeIUIMHCKOM opranu3armeii (MO) 3a1a4, 110 BceM Ha-
MPABJICHUAM JCSITEIbHOCTH COCTABISAIOTCS OTYTOOBEIC
TUTaHBI, YTBEPKIaeMble HAYAJIbHUKOM YUPEKICHHS.

[TonmoxuTenbHO, YTO BOMPOCH B3aUMOJCHCTBHA
OKVY3 MCU-23 ®CHH Poccun ¢ YOCHUH no Kpacho-
napckomy kpato 1 YOCUH no Pecniybnuke Anpirest pe-
[JIaMEHTUPOBaHbI COMIALIEHUEM O B3auMmozencTauu. [lpu
9TOM BOIPOCHI OPTaHM3AIUH JEATSIBHOCTH (HIHAIOB
OCYIIECTBIIAIOTCS HAa OCHOBAaHMM PSAAA YTBEPKICHHBIX
KOMHUCCHH, pacCMaTPUBAIOIINX BOIMPOCHI CIIy4aeB cMep-
TH CPE/IH MT0J03PEBACMBIX, OOBHHSEMBIX U OCYKICHHBIX
B YUPEXKICHHIX, a TAaKXKe 3aKyNOK, YIETHON MONUTHKH,
OXpaHbl Tpyda, pabOTHl BpaueOHBIX KOMHCCHH, XpaHe-
HUS, ydeTa M PacXOA0BaHMA JIGKAPCTBECHHBIX MPETapaToB
U MEIMIIMHCKUX U3ACTHH.

OmnpeneneHo, 4To 003aHHOCTH COTPYIHUKOB periia-
MEHTHPOBAHBI I0JI’KHOCTHBIMHA HHCTPYKLIUSAMH, YTBEPXK-
nernsiMu HavanbHUKOM PKY3 MCU-23 ®CHUH Poccun
U TIOAIHMCAHHBIMU COTpyAHMKaMHU. OHAKO IOIKHOCT-
HBIE HHCTPYKIIMU HE B TIOJHOM Mepe OTpakatoT 0COOEH-
HOCTH paOOTHl B MEHUTEHIIMAPHON METUIIMHCKON opra-
HU3AIIH, 9TO, B CBOIO OUEPEb, TPUBOIUT K HAPYIICHUSIM
TPyAOBOH AucuuIUIMHBEL. KOHTpOdh KadecTBa OKa3aHUS
MEJIUIIMHCKOW TIOMOIIM B (hUIIHAIax OCYIIECTBISIETCS B
IpoIiecce MIAHOBBIX U BHETIAHOBBIX MIPOBEPOK, MPOBO-
JuMbIX pykoBozactBoM ®KY3 MCY-23 ®CUH Poccun
B COOTBETCTBHU C KBapTaJIbHBIMU Ipa)uKaMH BBIC3OB

B YUPEXKJICHUS KypaTOpPOB IO HAMPABICHUSIM JIEATENb-
HOCTH, YTBEPKIAEMBIMHU MPUKA30M TEPPUTOPUATHLHOTO
YOCHH.

B xone m3yueHus yCTaHOBJIEHO, YTO BBUIY HEIO-
CTaTOYHON YKOMITJIEKTOBAHHOCTH IITATHOTO PACTIMCAHUS
JOJHDKHOCTSIMU METUITUHCKUX PAOOTHUKOB U OTCYTCTBUS
B MO neHTpain30BaHHOTO MPOTPaMMHOTO KOMILIEKCA
JUTSI aBTOMATH3aIUK JESTEIbHOCTH, OKa3bIBAIOIINX Me-
JTUITUHCKYIO TOMOIIL, KaK B aMOyJIaTOPHO-TIOTUKITMHH-
YECKHX, TAK M B CTAllMOHAPHBIX YCIOBHUAX, MEIUIINHCKHE
paboOTHUKM M3-3a BBICOKOW HArpy3Kd HE Bcernaa yKasbl-
BAaIOT KaJ00bI, TOAPOOHBIC aHAMHECTHYCCKUE IAHHBIC
0 TIEPEHECEHHBIX 3a00JIeBaHUSAX, TpaBMax, OMepaIusX,
HE OMHCHIBAIOT OOBEKTUBHBINA CTATyC, U KOJA JUArHO3a
cormtacHo MKbB-10. Cnenyer nomg4epkHyTh, 4TO HE yKa-
3BIBAETCS JO3MPOBKA M KPATHOCTH MpUEMA JIEKAPCTBEH-
HBIX MIPETNapaToB, 3alMChIBAIOTCS TOJBKO IUArHO3 M CXe-
Ma JiedeHHs OOJIbHOTO, a TaKXKe JIaHHbIC JIJA0OPATOPHBIX
U HMHCTPYMEHTANbHBIX HccienoBanuii. Heobxomnmo
OTMETHTh, YTO YCTAHOBJICHHBINA B (hHIIHAIAX TIPOTPAMM-
Hbli KomIuieke yyeta JIII u MegunuHCKUX U3Aenuil He
00beAMHEH B CAUHYIO CHCTEMY, YTO 3HAYMTEIBHO YXYII-
miaet paboTy 1o y4eTy MaTepuaibHbIX 3amacoB B MO u
HE J1aeT BO3MOXKHOCTH MX OTIEPaTUBHOTO Tepepacipesie-
JICHUS 110 (hrITHasaM.

VeranoBneHo, 4To 1o coctosuuio Ha 16.01.2017 . B
OKY3 MCU-23 ®CHH Poccun yKOMIUIEKTOBAHO TOJTb-
ko 89,6% MOMKHOCTEH MEAMIIMHCKUX PAOOTHUKOB, BBHU-
Iy OCTPOTO AePUIUTA KaAPOB Ha PETHOHAIHLHOM PBIHKE
1 HU3KOW 3apabOTHOM IJIaThl, IO CPABHEHHUIO CO Cpej-
HUMHU TI0 PETUOHY IS JJAHHBIX KaTeropuii pabOTHUKOB.

CornacHo IlocranoBnenuto IIpaBurensctBa Poc-
cuiickoit @enepannu ot 06.02.2004 r. Ne 54 «O menu-
IIMHCKOM OCBHUJICTEILCTBOBAHUU OCYXKJICHHBIX, TMpe-
CTaBJISIEMBIX K OCBOOOXKICHHUIO OT OTOBIBAHMS HAKA3aHUS
B CBA3U ¢ 0ose3Hbo», B 2016 1. ObUI0 0CBOOOXKICHO HA
95% gun 6osbire, yem B 2014 1. OCHOBHBIMU TPHYH-
HaMH TI0 OCBOOOXKJCHHIO TOJ03PEBACMbIX U MOACTENI-
CTBeHHBIX siBHIMCh BUY-undeknus, caxapHbiii 1uader,
MIaTOJIOTHSI OPTaHOB KPOBOOOpAILIEHHSI, TOCIISICTBHS T1e-
PEHECEHHOM CIIMHHOMO3IOBOM TPAaBMbI U OCTPOI0O Hapy-
IIEHHUS] MO3TOBOTO KPOBOOOpAIIIEHHSI.

IMpoananusuposansl otuetsl (popma BUY-23) mms
ompenenenuss yucina BUY-nHGUIUMPOBAHHBIX IUII B
YUC Kpacnomapckoro kpas 3a 2014-2016 rr (ta6u. 1).

Taonuua 1 — Konuuecmeo nuy, ungpuuyuposannvix BUY ¢ YUC no Kpacnooapckomy Kparo

Toner 2014 2015 2016
Cpenne- Cpenne- Cpenne-
E CIHCOYHAs Kon-Bo CIHCOYHAS Kon-Bo CIFICOYHAs Kom-Bo
= yucineHHocTh | BUU-unduum- | uncnennocts | BUY-undunu- | yncnennocts | BUY-undunu-
§ CTCLKOHTHUH- | POBaHHBIX, % | CICIKOHTHH- | POBaHHBIX, % | CHEUKOHTHH- | POBAHHBIX, %0
é TeHTA, Yell. TEHTa, Yell. TEHTa, Yell.
14980 2,44 14725 2,76 15188 4,09
Brrssieno
HOBBIX ClTyda- 44 53 50,61 36,55
e, %
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Kax cremyer w3 maHHBIX TaOMUIBI 1, KOTUYECTBO
BUY-uHGUIMPOBaHHBIX B NEHUTECHIIMAPHBIX YUYpEK/ie-
nusix Kpacnongapckoro kpasi ysenmumioch ¢ 2014 1. Ha
80,6%, 9TO CBHAETENLCTBYET O OBICTPOM pacrpocTpa-
HEHMU MH(EKIMH B NpecTynHoi cpene. Heobxommumo
moguepkHyTh, uto BUY-nudekmus B cragun CIIM/]a
SIBUJIACh OCHOBHOM npu4unHON cMepTr 17,39% ymeprimx
B YUC Kpacuomapckoro kpas. Takum oOGpazom, npowu-
30110100% yBenuuenue yncia cmepreit or CIIMda B
cpaBaeHun ¢ 2015 1. mpu cHIKEHUH O0IIIETO TTOKa3aTems
cmeptHocTH Ha 1,43%.

Kpome toro, onpeznencto, uto B 2016 1. B prutnanax
OKVY3 MCY-23 ®CUH Poccun Ha 52,6% yBenuumioch
yucino BUY-uHpUIMPOBaHHBIX, COCTOSIINX HA JAHMCIaH-
cepHOM ydere. B HacTosiIee BpeMs X YUCII0 COCTaBUIIO
621 genoBex.

HemanoBaxHO, 9TO YHCIIO JIHI, TOMYYAIOUINX aH-
TUpeTpoBUpycHyIo Tepanuio (APBT), cormacHo kM-
YeckoMy MNpoTokony «HaruoHanbHbIE PEKOMEHIAlNH
10 AMCIIAHCEPHOMY HAOJIONCHHIO U JICYCHUIO OOJIBHBIX
BUY-undexnmeir», KITMHIYECKAX i IMMYHOJIOTHIECKIX
MIOKa3aHUH{, 3aKITI0OYEHHSI Bpada-NH(EKIIMOHICTa yBEIH-
yuitoch Ha 32,9% u cocraBmwiio 26% ot 00111ero yucia.

JlaHHbIE BHYTPUBEIOMCTBEHHBIX IMPOBEPOK, MpOBE-
JICHHBIX COTPYAHUKAMH (eAepabHOrO Ka3eHHOTO YUpeK-
JICHUsT 3/1paBoOXpaHeHus «MenuKo-CaHuTapHasi 4acTb
Ne 23 ®enepanpHO# CcIy>KOBI HCIIOTHEHHST HaKa3aHUID»
C HAllUM y4YacTHEM M YIPABJICHUS OpPTaHW3aLUH MEAU-
KO-CaHUTApHOTO obecrieucHuss DeaepanbHOR  CITyKObI
WCIIOJTHEHUsI HaKa3aHWM II0Ka3ald, YTO 3HAYHUTEIbHBIHA
notok BUY-nHUIMpOBaHHBIX, NPEOBIBAIOIINX B YIO-
JIOBHO-UCIIOHUTENbHBIE yupexaeHus KpacHomapckoro
kpast u PecryOnmmkn Azpirest U yOBIBAIOIINX B TEUCHHUE
KOPOTKOTO BPEMEHH B APYTH€ TEppPUTOpUAIbHBIE Opra-
HBI, HE MO3BOJISIET B MOJIHOI Mepe KOHTPOJIMPOBATH IIPH-
eM, HazHaueHHBIX APBT-npenaparoB, n ucnomb3oBarh
JIAHHbIE, BBIITOJHEHHBIX JUATHOCTHYECKUX HCCIICI0Ba-
HUHA. DTO CBHIETEIBCTBYET O HEOOXOAMMOCTH CO3JaHUS
Ha 0a3e MpOrpaMMHO-TEXHHUYECKOTO KOMIUIEKCa aBTOMa-
TU3UPOBAHHOTO KApPTOTEYHOIO y4eTa CIEeLKOHTHHICHTA
€IMHON CHUCTEMbI aBTOMATHU3MPOBAHHOIO JIEKTPOHHOTO
JIOKYMEHT0000pOTa MEITUIMHCKOH JIOKYMEHTAIMH MEX-
JIy BCEMH MEIHMKO-CAaHUTAPHBIMH HacTsIMU (eaepantbHOH
CITy>kOBbI NCTIONIHEHUSI HaKa3aHWH, YTO TO3BOJIMIIO OBl HE
TOJIBKO CHU3UTB 3aTpaThl HA JIEKapCTBEHHOE 00eCIeueHNE
BUY-ununmpoBaHHbX, BBUIY HEOOOCHOBAHHOTO Ha-
3HayeHus: APBT-npenaparoB, HO U CHU3UTB YUCIIO OOJIb-
HBIX C BBIPQKCHHOMH JICKAPCTBEHHON YCTOHYMBOCTBIO.

J10o HaCTOAIIETO BpEMEHH OCTACTCSl HEPEILICHHBIM BO-
[IPOC O MIPOBEJAEHUH BCEM BHOBb BbIsABIEHHBIM BIY-1n-
(UIMPOBaHHBIM B paMKaX KOMIUIEKCHOTO MMMYHOJIO-
rHYecKoro oOcienoBaHusi uccienoBanust amwtenu 5701
JI0OKyca B — rm1aBHOro KOMIUIEKca THCTOCOBMECTHMOCTH
yenoseka (HLA B*5701) nnis onpezneneHus peakijuu ru-
MIEPUyBCTBUTEILHOCTH K a0aKaBHPY, YTO MO3BOJIMIIO OBI
CHHM3MTh KOJIMYECTBO JICHEXKHBIX 3aTpaTr Ha JEKapPCTBEH-
HBIE Mperaparsl Py UX He0OOCHOBAHHOM PHUMEHEHUH.

OmHO# W3 HEMAaJOBAXKHBIX MPOOJIEM OCTAeTCsl OTKA3
OOBHHSIEMBIX, TIOJICJIC/ICTBEHHBIX U OCYK/ICHHBIX OT PH-

ema APBT-npenapaToB OTe4eCTBEHHBIX NPOU3BOAUTE-
JIel BBUY OTCYTCTBHS Y CIICIIKOHTHHI€HTa HH(POPMAIIUU
O POCCHICKMX aHaJlorax IIUPOKO M3BECTHBIX 3apyOeik-
HBIX JICKApCTBEHHBIX IpernaparoB. [loatomy HeoOxonm-
MO TIOCTOSHHOE TIpEJCTaBlIeHNE (hapManeBTHIeCKUMHU
paboTHHKaMH MH(OPMAIUU O HAJTMYUH JIEKAPCTBEHHBIX
[IPenaparoB B aNTeKe YUYPEKACHHS M BO3MOKHOCTH HX
CUHOHMMHYECKOW 3aMEHBbl Ul Bpauei-CrenuaIncToB,
OTBETCTBEHHBIX 3a paboty ¢ BUU-nHpumpoBaHHEIMY.

Anamm3 ¢unHaHCOBOrO obecmeueHnss MO mokasain,
gro B 2016 . puHaHCHpOBaHWe OBUIO yBenmueHo. [Ipu
3TOM BO3POCIH PACcXofbl 1Mo cTarbsim «IIpoune ycmyru
(munensupoBanre U 00yYeHHE MEIAUIIMHCKUX PabOTHU-
koB)» Ha 370,52% u «Ycayru 1o copepKaHuio UMYyIIe-
cTBa (PEMOHT U 00CITy)KUBaHUE MEIMIIMHCKON TEXHHKH )»
Ha 362,33%. OxHako Ha MEIUIIMHCKOE 00€ECIIEUEHHE T10-
crynmwio Toibpko 9,01% neHexHBIX CPENCTB, a PACXO/IbI
Ha MPUOOPETEHUE JIEKAPCTBEHHBIX CPEICTB COCTaBHIIH
56,61% ot 3TO¥ CyMMBL.

B xome wuccienoBaHust OBUIO YCTAHOBJIEHO, 4TO
o coctosHuio Ha Havyano 2017 r. B ¢mmmanax OKVY3
MCU-23 ®CHUH Poccun HaXOAMWIHUCH JIEKAPCTBEHHbIC
npenaparsl 1 MEAUIMHCKUE U3/IeNUs Ha CyMMy Ooree 92
MJIH. pyOueii.

Onpeneneno, uro B 2016 . B MEUIIMHCKON OpraHu-
3allMM HCIIONIB30BAINCH 16 MEXIyHapomHBIX HEMaTeH-
toBaHHbIX HaumMeHoBauuit (MHH) JIIT u 23 toproBeix
nanmenosanus (TH) APBT — mpemaparos u3 81 TH,
3aperucTpupoBaHHbIX Ha Tepputopun Poccuiickoit de-
Jepaiuu 6e3 yduera (opM BhIITyCKa U JO3UPOBOK.

Bwmecre ¢ tem, B yupexxaenusax YUC ucnons3yercs
Tonmbko 5 kimaccoB APBT nexapCTBEHHBIX MperapaToB
n3 10 kiaccoB, mpencTaBIeHHBIX HA poccuiickoMm (ap-
MaleBTUYeCKOM pbIHKe. Hanbonblnee KomuuecTBo Jie-
KapCTBEHHBIX IPENaparoB, MCHONb3yEeMbIX B NEHUTCH-
LUAPHOM MEIUIMHCKONH OpraHu3aluy ISl MPOBEACHHS
APBT-tepanun, otHOCUTCs K KiaccaM «Hykieo3uansie
UHrUOUTOpH! 00parHoit Tpanckpunrtassy (HUOT/NRTI)
—8 MHH, npencrasnennsix 13 TH u « UHruGuTopsI mpo-
teas3p» — 5 MHH, Brimouarorux 6 TH, 4o 00ycioBieHO
MIPUMEHEHHEM JITAaHHBIX JIEKapCTBEHHBIX CPEJICTB B Mpe-
MOYTHUTENBHBIX cXeMax Jieuenus: 1-ro pspa BUY-undu-
nupoBaHHbIX. OctanbHble kiaccsl APBT nexapcrsen-
HBIX IpEnaparoB IpeacTaBieHbl Tobko onHuM MHH
(panrerpaBup, SHGYBUPTHJL, STPABUPHH), BCIEICTBUE UX
UCIIONIb30BaHMs B KAUECTBE IPENapaToB pe3epsa.

Amnanmu3 ¢popM Beltycka ucroib3yeMsix JIIT mokasai,
YTO BCE TOPTOBBIC HAMMEHOBAHUSI IIPETIAPATOB IIPE/ICTaB-
JICHBI B aCCOPTUMEHTE MEJUIIMHCKON OpraHU3alny B Je-
KapCTBEHHOH (opMme I MepoparbHOTO MPUMEHEHNUS, U
JIb oxHo Hanmenosanwue JIIT (hy3eoH) MOKET HCIIONb-
30BaThCs IS IAPEHTEPAILHOTO (BHY TPUBEHHOI0) BBEJIE-
nust. HanGorp1ee KoJM4ecTBO TOPrOBBIX HAMMEHOBAHUH
JIC npencraBneno B Buze Tabnerok (17 HauMeHOBaHUN
nin 68%), B BHJIE KaIICyJT BBITYCKaeTCst 6 HaMEHOBaHH
nin 24%, B Bujie pacTBoOpa Juisi HH(Y3Uii 1 pacTBOpa s
npuemMa BHYTphb 1o 1 HanmeHnoBanuto wiu 1o 4%.

YcraHOBIIEHO, YTO HAaOOJIbIIee KOJIMYECTBO JieKap-
CTBEHHBIX IIPENaparoB B €ANHHUIAX N3MEPEHUS, TOCTaB-
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neHabix B 2016 . B MO, npuxoaurcss Ha KOMOHHAIIUIO
sumoBynuHa ¢ gamuByauHoM (TH nmsaBepokc u 3mia-
kom0) 2845 ymakoBok u mamuByauH (TH amuBupeH B
nosuposkax 150 mr u 300 mr) 1910 u 534 ymakosku co-
OTBEeTCTBEHHO. [Ipu aHasM3e CTOMMOCTH JIEKapCTBEHHBIX
[penaparoB, YCTaHOBJICHO, YTO HANOOJbILAsi CTOUMOCTb
oxuo# Tabnetku — 220,54 py6. y JIIT panterpasup (uceH-
tpecc 400 mr), a Hanmenbias y JIIT naMuByniH (aMHUBH-
per 150 mr) — 3,96 py6. OxHako, 1ieHa OJHOM TaOJIeTKH
amuBupeHa B 1o3upoBke 300 mr Bhiiie B 4 pa3a u cocTas-
et 16,23 py6. Haubosbliiee KOJIMYECTBO ACHEKHBIX
CPEJICTB, MCIOJIBb30BaHHbBIX Ha 3akynky APBT mns MO B
2016 r., 6110 3aTpaueno Ha JIIT MHH napynasup (24%)
u supoynud (11%), a HamMeHblliee Ha HEBUpANUH W
KOMOMHAIHIO JIOMHHABHPA ¢ pUTOHABUPOM (MeHee 1%0).

B xozie aHanM3a TOBapHBIX OCTATKOB OMPEIENICHO,
yTto GonmpmmHCTBO HamMeHoBanuit APBT JIII, mpume-
usiembix B MO — 58% poccuiickoro npousBoactsa. Ha
nomo umnoptaeix JIIT npuxoantest 42%. Cpenu Hux
Hanbonbmmit ynenbHbIi Bec (15%) 3anmmarot JIIT mpo-
u3BoncTBa Muanu; mo 8% mpuxomurcs Ha JII1, Beimycka-
embie B Utanuu u CIIA; 7% JIIT npousBoastcs B Benu-
koOpuranuu u 4% — B ['epmanun.

AHanu3 y4eTHbIX JOKyMEHTOB rokasai, 4ro B 2016
I. Haubonee BocTpeboBaHHbIMH OKazamuch JIIT n3 kmacca
HYKJICO3UIHbIE HHTHOUTOPHI OOpaTHOM TpaHCKPHIITA-
3bl, KOTOPbIE B KOJINUECTBEHHOM OTHOIICHHH COCTaBHJIH
58% ot wm3spacxonoBanHbix B MO. WMHrudurops! mpo-

Tea3bl coctaBmin 12%, KOMOMHMPOBaHHbBIE MHIMOWTO-
psl mporeassl — 13%, uHruOuTopsl nHTErpassl — 11%,
KOMOWHHMPOBaHHbIE HHIHOUTOPBI HHTErpasbl — 6%. [Ipu
9TOM Haumbosee 4acto ucrnonbdyemMbiMu JIIT oxazammch
Omurua, tabmetku 300 mr; Kanerpa, Tabmerku 200
Mr+50 mr, 1 AMuBupeH, Tabiaetku 150 Mmr.

Heo0xonmumo momg4epKkHyTh, YTO B HACTOSIIEE Bpe-
Msl 00ECIEUYCHHOCTh JICKAPCTBCHHBIMU IperaparaMu
st nposeacuus APBT BUY-unduiupoBaHHbIX U Jie-
4yeHust OonbHBIX TyOepkynezom cocrasisier 100%, yro
00YCJIOBJICHO MOCTYIICHUEM 3THX MIPEMApaToB B paMKax
LIEHTPAJIN30BaHHOTO CcHaOXeHus. Bmecte ¢ Tem, o0e-
CIICUYCHHOCTh MPOYMMH JICKAPCTBCHHBIMU IMperaparaMu
cocTaBiigeT TobKo 95%, a ux 3amaca XBaTUJIO JIMIIG 10
xoHma nepsoro kBapraia 2017 r. [IpuBeaeHHbIC CBee-
HUSl TIOAYCPKHUBAIOT HEOOXOAMMOCTh yBEIWYCHUS (u-
HAHCHPOBaHU MeHUTEHIMapHBIX MO.

B xome ananmza y4eTHBIX OyXTalTepCKUX IOKY-
MeHTOB (0OOpOTHBIE BEIOMOCTH, HPUXOIHBIE OpJEpPa)
ycranoiieHo, uto B 2016 r. B MO nocrymwio JIIT mst
neuenns BUY-undexnun, Tybepkynesa, rematuta C Ha
cymmy 67 muH. pyOneit. JleTanbHbI aHaIW3 yYCTHOM
JOKyMeHTaluu (KypHaJl ydera OIepaldil pacyeToB C
MMOCTABIIMKAMH U TOAPSAYHUKAMH, OTUCTHI O JBUKCHUHU
JIEKAPCTBEHHBIX CPEJCTB) MMO3BOJIMIT BBIABUTH OCHOBHBIX
MMOCTABIIUKOB JICKAPCTBCHHBIX MpPEHapaToB M OIMpeje-
JIUTh UX CTPYKTYPY MPH [ECHTPATA30BAHHBIX MMOCTABKaX
B MO (puc. 1).

1,21

5,13 3901
‘78(/:

1,09 46,06

31,92

H AO " HanimoHanmpHAsE IMMYHOOHOJIOTHYECKAs
KoMMaHus "

HAO "P-®apm"

H AO "®apmacunres"

#OAOQO "®apmcrangapt”

000 "Kocmodapm"

000 "MEJJUITAJI-OHKO"

4 000 "TIpodapm"

Pucynok 1 — Cmpykmypa yenmpanu3o8aHHbIX HOCMAGOK JIEKAPCMEEHHBIX NPENAPAMO8
6 meouyuHckyro opeanuzayuio ¢ 2016 2., %

Kak mokazaHo Ha pucyHke 1, HamGojbliee Ko-
JINYECTBO JIEKAPCTBEHHBIX INPENapaToB IS JCUCHUS
BUY-unadexmunu, Tydepkynesa, renatuta C B 2016 r.
owu10 moctaBineno AO «HanuoHanpHass UMMYHOOHO-
noruueckas kommnanus» (46,06%) u AO «P-Dapm»
(31,92%), 000 «IIpopapm»
(1,09%).

Crour ormeruth, 4yrto B 2016 1. B ®PKY3 MCU-23

a HauMCHbIICC —
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@®CUH Poccun B pamkax IrocyJapCTBEHHBIX MOCTaBOK
MuHHCTEpCTBAa  3APABOOXPAHEHUS M BHYTPUBEIOM-
CTBEHHOT'O IIEPEMEIICHUS MOCTYNIIO 5 KIIacCOB aHTH-
PETPOBUPYCHBIX JICKAPCTBEHHBIX IMpenapartoB. M3 Hux
57% cocraBuiM HyKJI€O3HMIHbIE HHIMOUTOPBI 0OpaTHOM
tpanckpunrassl (HUOT/NRTI), 25% Hykieo3uaHbie
WHTAOUTOPBI 00paTHOM TpaHCKPUNTA3bl B KOMOMHAIINA,
16% unruburopsr nporeasst (UI1/PIS), HHruOUTOPHI HH-
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Terpasbl 1 KOMOMHHUPOBaHHBIC MHTHOWTOPHI MPOTEa3bl
cocraBuin 2% OT MMOCTaBOK.

Jnst paroHanbHOro (POPMHUPOBAHUS ACCOPTHMEHTA
u ToBapHoro ocratka APBT mpenaparoB meHuTeHInap-
HOW MEIUIIMHCKON OpraHn3aui He0OOXOIUMO YUHUTHIBATh
HE TOJIBKO MOTPEOHOCTH MPOIUIBIX JIET, HO M KOIMYECTBO
OONBHBIX, MOTYYAIOMINX OMPE/ICICHHBIC CXEMBI JICUCHNS.

OpHoi M3 HEMaJTOBaKHBIX TPOOJIEM OCTAaeTCs MaTe-
pHaTbHO-TEXHUYECKast 0a3a anTeK (UINaioB U COCTOS-
HHUE TIOMELICHUH, 3aHUMAEMBbIX AlITEKaMU. YCTAHOBJIEHO,
yro ®KY3 MCU-23 ®CUH Poccun 3aHumaer mnome-
menns B yupexxaeHusax YUC KpacHomapckoro kpas u
Pecry6nmuku Azpirest B COOTBETCTBUH C ITPaBOM 0€3B0O3-
ME3IHOM apeH[ipl, NpeayCMaTpUBAIOLIEH BO3JIOXKECHHUE
00s13aHHOCTEH 10 MOAIEP)KAHUIO TIOMEIICHUH B padoueM
COCTOSIHUM U IIPOBEACHUIO PEMOHTOB HENOCPEICTBEHHO
Ha YTOJIOBHO-HCIIONHHUTENbHBIE yupexkaeHus. OmHaxko
yupexkaenuss YVC He UMEIOT (MHAHCOBBIX CPEACTB Ha
JTAHHBIC MEPOIPHUATHS B COOTBETCTBHH C TPEOOBAHUAMU
HOPMAaTHUBHOM TOKYMEHTAIIUH. JTO MPUBOINT K CIIydasiMm
HapyLIeHMs] IPaBWJI XpaHEHUs JIEKapCTBEHHBIX Ipernapa-
TOB B MaTepHajbHBIX KOMHATaX arTeK.

B mocnennue rogpl oTMedaeTcst ocTpas HeoOXoau-
MocTh co3nanusi B cTpykrype ®KY3 MCU-23 ®CHUH
Poccun neHTpanbHOM anTeyHol opraHu3ainuu, co CTpo-
HTENBCTBOM THIIOBBIX TIOMENICHHUH, COOTBETCTBYIOIINX
JIEUCTBYIOLLEMY 3aKOHOAATEIbCTBY JIsl XpAaHEHUSI U pac-
npenenerus JIIT n MeAMIMHCKUX M3ETHH 110 (huiinanam
MEIUIMHCKON OpraHu3aluu.

Taxum 00Opa3oMm, B XOIe HCCICIOBAHUS BBISBICHBI
OCHOBHBIC MPOOJIEMBI B 00ECIICYCHUN JIEKaPCTBCHHBIMH
npenapatamMu BUY-nHOUIMPOBAHHBIX JIUI] B NTEHUTEH-
LHAPHBIX YUPESKIACHUAK, TPEOYIONIHe MEePBOOYEPETHOTO
peLeHust:

JlexapcTBeHHbIE Mpenaparsl JUIsl JIEYEHUs! COLUab-
HO-3HAYUMbIX MH(EKIMOHHBIX 3a00JI€BaHUN MOCTaBIIS-
torcss B YUC B pamkax HEHTPaJTU30BAHHBIX MOCTABOK,
omHako B Hactosmee Bpemst B YUC Kybanu ucmonb3y-
torcst Tonbko 5 kiaccoB APBT JIIT u3 10 knaccos, npen-
CTaBJICHHBIX Ha OTEYECTBEHHOM (hapMaleBTHUYECKOM
PBIHKE, BBULY HEOCTATOYHOCTH (PMHAHCHUPOBAHUS UME-
etcst ocTperid aeuuut JIIT 1711 neyeHns onmopTyHUCTH-
YECKUX MHQEKITUH.

JlomycKkaroTesl CyIIeCTBEHHbIE OMMUOKA U HETOUHO-
CTH TIPU BEJCHWU MEIMIMHCKON IOKyMeHTamuu. Tak,
HE YKa3bIBalOTCS JO3UPOBKU U KpaTrHOCTH npuema JIII,
Ha3HAa4YEHHBIX COMIACHO cxeMaM Jieuenust BUY-unpunn-
POBaHHBIX.

OTCyTCTBYET eAMHas CHCTEMa KOMITBIOTEPHOTO y4e-
ta JIII 1 MenMIMHCKUX MU3/ENIUN, YTO 3aTpyAHSIET Ore-
patuBHYIO paboTy 10 y4eTy MaTepHaIbHbIX 3aIlacOB Me-

JUIMHCKOM OpTraHU3aIlM M UX MepepacrpenciaeHus 1o
¢bunnanam.

HecBoeBpeMeHHO HH(DOPMHPYIOTCS Bpauu-CIELH-
ANHUCTBl O HOMEHKJAType JICKapCTBEHHBIX IPEraparoB
B anTeke, M MO3TOMY Y CIEHKOHTHHICHTA OTCYTCTBYET
nHpopmMalusa 00 0TEeYeCTBEHHBIX aHAJIOraxX IMIMPOKO H3-
BECTHBIX 3apYOeKHBIX JIEKapCTBEHHBIX MPEMapaToB.

MartepuaiabHO-TEXHUYECKas 0a3a anTek He B TOTHOM
Mepe obecrieunBaeT coxpanHocTh JIII ¢ yuerom HOpMa-
TUBHOM JTOKYMCHTAIIUH.

OTCYyTCTBYeT IEHTpalbHAs anTedyHas OpraHU3aIus
TeppuTopuansHoro oprana YUC.

OTMmeuaeTcss HeIOCTaTOYHOCTh (PUHAHCHPOBAHUS Ha
OKa3aHHE CBOCBPEMEHHOM M Ka4eCTBEHHOH JEKapCTBEH-
Hol Teparnuu BUY-uHQUIMPOBAHHBIX JIUI| B MEHUTCH-
LUAPHBIX YIPESIKICHUAX.

Jns pemennst 0603Ha4YCHHBIX MTPOOIEM, IO HaIIEMy
MHEHHIO, CIIEAYeT HCIONb30BaTh CIEAYIOMNE IMyTH HX
pereHus:

[enecoobpazno 00s3aTeNbHOE BBIMOIHEHUE MPH
KOMIUIEKCHOM HMMYHOJIOTHYECKOM O00CIEeIOBaHUM HC-
CITCOBAHUSI THCTOCOBMECTUMOCTH uemoBeka (HLA
B*5701) mist CHWKEHMS JEHEKHBIX 3aTpar Ha JieKap-
CTBEHHBIE Tpemaparsl IpH HEOOOCHOBAHHOM INPHUMEHE-
HUH.

HeoGxonnmo co3manme Ha 6a3e MpOrpaMMHO-TEX-
HHUYECKOTO KOMIUIEKCA aBTOMAaTH3UPOBAHHOTO KapTOTEU-
HOTO ydYeTa CHENKOHTHHIEHTa €JUHOI CHCTEMBI aBTO-
MaTH3MPOBAHHOTO JOKYMEHTO000pOTa, MEIUIINHCKOM
nokyMeHTaruu Mexay Bcemu MCU @CHUH Poccum aiis
000CHOBaHHOM JIEKapCTBEHHOH TepaIuy, BEICHHU MU~
LIMHCKOW U YYETHON JOKYMEHTALUH.

[Tonroroska mposuzopamu antek YUC Ha perynsp-
HOH ocHoBe nH(popmanuu o Hammuuu JIIT 1 Bo3MOKHO-
CTSIM MIX CHHOHUMHYCCKOH 3aMEeHBI [T Bpauell crenua-
JIUCTOB M, OMTOCPETOBAHHO, JJIS CTIELIKOHTHHICHTA.

Coznanue TEHTPaTbHOW AaNnTeYHOHW OpraHu3alyuu
TeppuTopuansHoro oprana YUC.

W3pIckaHne JOTTOTHUTENBHBIX (PUHAHCOBBIX CPEICTB
JUIS YAy4IICHUS MaTepHaIbHO-TEXHUIECKON 0a3bl anTek
1 JIGKAPCTBEHHOTO 00eCIeyeHNs CIICIIKOHTHHTCHTA.

3akiaioyenue. B HacTosmee BpeMs 00ycioBJIeHa
OCTpasi HEOOXOIMMOCTh CO3/IaHUS B TEHUTCHIMAPHBIX
MEIUIUHCKUX OPTaHU3alMAX LEHTPAJIbHBIX alTeuHBIX
OpraHu3allfi, a TakkKe BHEAPCHHE I[CHTPATU30BAHHBIX
CHCTEM ydYeTa JIGKapCTBEHHBIX TMPEnapaToB U MEIHUIINH-
CKHX M3JeNUii, COBEPIIEHCTBOBAHNE MPOIIecCca BEICHU
MEIUIIUHCKON JOKYMEHTALlMU U YBEJIWYEHHE O00BEMOB
(MHAHCHPOBAHUSI HA 3aKYIIKY JICKAPCTBEHHBIX Mperiapa-
TOB JUIsl OKA3aHUsl KaUE€CTBEHHOM JIEKapCTBEHHOM ITOMO-
M CHICIIKOHTUHTEHTY .

Introduction. Currently, the intensification of HIV
infection in Eastern Europe and Central Asia requires
efforts to counter the disease and its consequences
[1-4]. The feature of this disease is the development of
opportunistic diseases among the HIV-infected [5-8].
The struggle against opportunistic infections is one of
the major challenges in treating HIV in prison health

care conditions [9-12]. The cases of HIV-infection are
associated with tuberculosis and viral hepatitis in the
criminal executive system (CES) and account for more
than half of the total number of diseases [13]. Hereby
HIV reduces the effectiveness of tuberculosis treatment
and impacts on its progression [14-17]. In 1991 in
the South of Russia the outbreaks of nosocomial HIV
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infection were recorded [18]. Most of the HIV-positive
in the Russian Federation were men [19, 20]. Most were
infected by injecting drugs [19, 21].

The aim of the study is the investigation of the
problems in drug supply of HIV-infected people in
penitentiary institutions of Krasnodar region and search
for their solutions.

Materials and methods. For this investigation
were used methods of statistical and system analysis,
comparison and grouping of indicators. The materials
consisted of reports on activities of Federal state healthcare
institution “Medical unit No. 23 of the Federal criminal-
executive system” of the Russian Federal for the period of
2015-2016; financial statements; reports on the morbidity
and mortality of the inmates in the regional prison medical
organization for 2015-2016; the data of on-site inspections
of Healthcare regulation territorial bodies across Krasnodar
region and Republic of Adygeya.

Results and discussion. During the course of our
investigations we found out that medical care of the
suspects, accused and convicted persons, detained in
the institutions of the penal correction system of the
Krasnodar territory, employees of management of
Federal service of execution of punishments (FSEP) of
Russia for Krasnodar Krai (KK) and FSEP in Republic
of Adygeya (RA) conduct 25 branches of the Federal
Treasury Healthcare “Medical unit No. 23 of the
Federal criminal-executive system “ on the basis of the
licenses, issued by the Territorial bodies of Healthcare
regulation department on the right of using medical
and pharmacological activities, as well as licenses for
activities with opiates, psychoactive substances, their
precursors, to fostering drugcontaining plants.

It was revealed that the activities of the branches was
carried out in accordance with the Charter, legislative and
other legal acts, orders of Ministry of justice and Russian
Federal penitentiary service, normative acts and orders of
the Ministry of healthcare, Ministry of internal Affairs and
other Federal Executive bodies, regulations on branches.
To prevent the failure in achieving goals set for prison
medical organization (MO) all activities are compiled with
semi-annual plans approved by the head of the institution.

Itis positive, that problems of interaction of “Medical
and sanitary unit No. 23 of the Federal criminal executive
system “ of the Russian FSEP for Krasnodar region
and the Federal penitentiary service in the Republic
of Adygea are regulated by cooperation agreement.
Hereby the organization of branches activities is based
on a number of approved commissions dealing with
the problems of deaths among the suspected, accused
and convicted persons in the institutions, as well as
procurement, accounting policies, labor protection, work
of the medical commissions, storage, accounting and
expending of medicines and medical devices.

It was determined that the duties of the employees
are regulated by the job descriptions approved by the
head of Federal state healthcare institution “Medical and
sanitary unit No. 23 of the Federal criminal executive
system” of Russia and signed by the staff. However, the
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job descriptions do not fully reflect the characteristics
of the work in prison health care organizations, which,
in turn, leads to violations of labor discipline. Quality
control of medical care in branches is carried out during
scheduled and unscheduled inspections conducted by the
leadership of Federal state healthcare institution medical
unit No. 23 of the Federal penitentiary service of Russia
in accordance with the quarterly scheduled visits to the
institution curators for the activities, approved by the
order of territorial criminal-executive system.

During the investigation it was determined that due
to insufficient staffing positions of health workers and
lack of medical organizations in the centralized software
package for automatization of activities providing health
care, both — outpatient and inpatient health workers —
do not always indicate complaints, detailed anamnestic
data on previous illnesses, injuries, transactions, do
not describe the objective status and diagnosis code
according to ICD-10 due to their high load.

It should be emphasized that no exact dosage or
frequency of medication is indicated, there are only
diagnosis and treatment scheme of the patient, as well as
the data of laboratory and instrumental studies. It should
be noted that the programs established in the branches for
accounting drugs and medical devices are not integrated
into a single system, which greatly impairs the work
with the inventory in MO and does not allow their rapid
deployment to branches.

It was established that on 16.01.2017 in Federal
state healthcare institution “Medical and sanitary unit
No. 23 of the Federal criminal-executive system” of
the Russian Federal, penitentiary service was equipped
with only 89.6% of posts of medical workers, due to an
acute shortage of personnel in the regional market and
low wages, compared with the average for the region for
these categories of workers.

According to the decree of the Government of the
Russian Federation dated 06.02.2004, No. 54 “On
medical examination of prisoners, represented to release
from serving of punishment in connection with illness”,
in 2016 there were 95% more released people than in
2014. The main reason for the release of suspects and
remand prisoners were HIV infection, diabetes mellitus,
pathology of the circulatory system, the consequences of
spinal injuries and acute strokes.

According to the analyzed medical reports (Form
HIV-23), the number of HIV-infected criminals in insti-
tutions of criminal-executive system of Krasnodar region
in 2014-2016 is presented in Table 1.

As it can be seen in Table 1, the number of HIV-in-
fected criminals in institutions of criminal-executive
system of Krasnodar region increased from 2014 up to
80.6%, indicating the rapid spread of infection in the
criminal world. It must be emphasized that HIV in the
stage of AIDS was the leading cause of death in 17.39%
in prisons of Krasnodar region. Thus, there occurred
100% increase in the number of AIDS-related deaths in
comparison with 2015 by reducing the overall mortality
rate to 1.43%.
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Table 1 — The number of-HIV-infected criminals in institutions of criminal-executive system of Krasnodar region

Year 2014 2015 2016
g The average |\ o of HIV- The average Number of HIV- The average Number of
= number of in- . number of . number of | HIV-infected,
< infected, % . infected, % . 0
= mates inmates inmates. %
c
. 14980 2.44 14725 2.76 15188 4.09
Identified 44.53 50.61 36.55
new cases, %

Besides, it was determined that in 2016 in branches
of Federal state healthcare institution medical unit No. 23
there was a 52.6% increase in the number of HIV-infected,
linked to care. Currently, their number amounted to 621
people.

It is important that, according to the clinical Protocol
“National guidelines for dispensary observation and
treatment of HIV-infected patients”, the number of
people receiving antiretroviral therapy (ART), clinical
and immunological indications, the conclusions of the
Infectious Disease Physician increased by 32.9% and
amounted to 26% of the total number.

Internal data audits conducted by the employees of
the Federal State health care institution “Medical and
sanitary unit No. 23 of the Federal criminal-executive
system” with our participation and management of health
Federal service of execution of punishments has shown
that a significant influx of HIV-infected people staying
in the penitentiary institutions of Krasnodar region and
Republic of Adygea and departing within a short time in
other territorial authorities does not allow the authorities
to fully control the prescription of anti-retroviral drugs
and to use the data of the performed diagnostic tests.

This demonstrates the necessity for the creation of
program-technical complex of automated filing of the
inmates account in the integrated system of automated
electronic document management of medical records
within all health parts of the Federal service of execution
of punishments, which would not only reduce the cost of
drug coverage for HIV-infected, due to the unreasonable
prescription of ART drugs, but also to reduce the number
of severe drug-resistant patients.

Still the problem of conducting all newly identified
HIV-positive patients is not resolved in the framework of
a comprehensive immunological survey of studying 5701
allele of locus-B in major histocompatibility complex in
humans (HLA B*5701) to determine a hypersensitivity
reaction to abacavir, which would reduce the amount of
cash costs on medicines in their unreasonable use.

One of the most important problems is the refusal
of accused, remand and convicted prisoners to take ARV
drugs of native producers because of the absence of the
inmates information about the Russian analogues of
well-known foreign pharmaceuticals.

So, it is necessity to give information representing
the availability of medicines in pharmacy institutions
and their synonymic replacement. It should be done by
pharmaceutical professionals or medical specialists,
responsible for work with HIV-infected people.

The analysis of financial provision of MO showed
that in 2016 the funding was increased. With the increased
expenditures related to “other services (licensing and
training of health workers)” (370.52%) and “Services for
the maintenance of the property (repair and maintenance
of medical equipment)” (362.33%). But the healthcare
provision received only 9.01% cash and the acquisition
costs of medicines made up 56.61% of this amount.

During the investigation it was found out that at the
beginning of 2017 in the branches of the Federal State
health care “Medical and sanitary unit No. 23 of the
Federal criminal-executive system” there were medicines
and medical products for over 92 million rubles.

It was determined that in 2016 in the medical
organization there were used 16 nonproprietary names
and 23 commercial names of ARV drugs from 81
trade names registered on the territory of the Russian
Federation without taking into account the forms of
production and dosages. However, in prisons only 5
classes of ART drugs of the 10 classes represented on
the Russian pharmaceutical market are used. The greatest
number of drugs used in prison health care organizations
to conduct ART therapy are classified as “Nucleoside
reverse transcriptase inhibitors” (NNRTI/NRTI) - 8
INN, 13 TN and “Protease Inhibitors” — 5 INN with 6
TN, due to the use of these medicines in the preferred
regimens of the 1st range of HIV-infected patients. The
other classes of ART drugs are represented by only one
MNN (raltegravir, enfuvirtide, etravirine), due to their
use as drugs of reserve.

The analysis of the forms of production used by the
PL showed that all trade names of drugs are available in
the range of medical organizations in the pharmaceutical
form for oral taking, and only one name, PL (fusion) can
be used for parenteral (intravenous) injections.

The largest number of trade names of drugs are
presented in the form of tablets (17 titles, or 68%); 6
titles, or 24% are produced in the form of capsules, in the
form of solution for infusion — 1 title and 1 in the form
of solution 1 for oral administration, or 4% each form.

It was established that the greatest number of drugs
in the units set in 2016 in MO, is a combination of
zidovudine with lamivudine (TN disaperes and silacomb)
— 2845 packages, and lamivudine (TN leveren in dosages
of 150 mg and 300 mg) — 1910 and 534 packages,
respectively.

When analyzing the cost of drugs, it was found out
that the greatest cost of one tablet is — 220.54 RUB, PL
raltegravir (400 mg Isentress) and the smallest cost is that
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of lamivudine (150 mg leveren) — 3.96 RUB. However,
the price of one pill of emivirine at the dosage of 300
mg is up to 4 times higher and it is 16,23 RUB. The
Greatest amount of cash used for the purchase of ARVs
for MO in 2016 was spent on the medicinal preparations
of INN darunavir — 24% and ZDV - 11%, and the lowest
for nevirapine and the combination of lopinavir with
ritonavir(less than 1%).

During the analysis of the inventory it was determined
that most types of ART medicinal preparations used in
MO - 58% - are of Russian production. The share of
imported PL is 42%. Among them, the largest share
(15%) are LP made in India; 8% are produced in ltaly
and the United States; 7% are produced in the UK and
4% in Germany.

The analysis of records showed that in 2016 the
most popular medicinal preparation from the class of
nucleoside reverse transcriptase inhibitors, which are
quantitatively accounted for 58% of the spent in MO
protease inhibitors accounted for 12%, a combination
of protease inhibitors was 13%, integrase inhibitors

accounted for 11%, combined integrase inhibitors — 6%.
The most frequently used medicinal preparations were
Olitid, tablets 300 mg; Kaletra, tablets 200mg+50mg,
and Amuirin, tablets 150 mg.

It should be emphasized that currently, the
availability of medicines for antiretroviral treatment of
HIV-infected and TB patients is 100% due to the receipt
of these products under centralized supply. However, the
availability of other drugs is only 95%, and their stock
is enough only until the end of the first quarter of 2017.
This data emphasizes the necessity of increasing funding
for prison MO.

In the analysis of accounting documents (balance
sheet, receipt voucher) it was found out that in 2016
in MO drugs used for treatment of HIV infection,
tuberculosis, hepatitis C, the cost was $ 67 million.

A detailed analysis of the records (the log records of
transactions settlements with suppliers and contractors,
reports on the movement of medicines) allowed to
identify the main suppliers of medicines and to determine
their structure when delivered centralized in MO (Fig. 1).
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Figure 1 — Structure of the centralized medical supplies in 2016, %

As shown in Figure 1, the largest number of drugs
for treatment of HIV infection, tuberculosis, hepatitis C in
2016. itwere delivered by JSC “National immunobiological
company” (46.06%) and JSC “R-Pharm” (31.92%) and
the least — by JSC “Profarm” (1.09%).

It should be noted that in 2016 in the Federal
State health care “Medical and sanitary unit No. 23 of
the Federal criminal-executive system” of Russia in
the framework of public procurement of the Ministry
of health and internal displacement 5 classes of
antiretroviral drugs were-.delivered. 57% of these were
nucleoside reverse transcriptase inhibitors (NNRTI/
NRTI), 25% of nucleoside reverse transcriptase inhibitors
were in combination, 16% of protease inhibitors (PI/
Pls), integrase inhibitors and a combination of protease
inhibitors was 2% of the supply.
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For the rational formation of assortment and
commodity balance of ART drugs in prison health care
organizations it is necessary to consider not only the
demand of previous years, but the number of patients
receiving certain regimens.

One of the most important problems remains the
material and technical base of pharmacies of branches,
the state of healthcare institutions and premises occupied
by medical units.

It was established that the Federal State health care
institution “Medical and sanitary unit No. 23 of the
Federal criminal-executive system” of Russia occupies
the premises in prisons in Krasnodar region and Republic
of Adygea in accordance with the laws of the lease,
providing for the imposition of duties to maintain the
premises in good order and repair directly to prison.
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But criminal-executive agencies, however, do not
have financial resources for these activities in accordance
with regulatory requirements. This leads to cases of
infringement of rules of storage of medicines in the
material rooms of pharmacies.

In recent years there has been an acute necessity to
establish a Central pharmacy organization in Unit 23
with the construction of the model spaces that comply
with current legislation for the storage and distribution
of pharmaceuticals and medical products for the medical
branches of the organization.

Thus, our study has identified the main problems in
providing drugs to HIV-infected criminals in penitentiary
institutions that require urgent solutions:

The drugs used for treatment of socially significant
infectious diseases are delivered in prisons under
centrall supply, however, currently, Kuban UIS Penal
Enforcement System uses only 5 classes of ART medicinal
preparations out of the 10 classes represented in the native
pharmaceutical market, due to lack of funding, there is an
acute shortage of drugs for opportunistic infections.

There are significant errors and inaccuracies made in
medical records. So, they do not specify the dosage and
frequency reception of medicinal preparations assigned
according to the treatment regimens of HIV-infected
people.

There is no integrated computer accounting
system of pharmaceuticals and medical devices, which
complicates the operational work of accounting material
stocks of medical organizations and their redistribution
to the branches.

Late informing of medical specialists about the
range of medicines in a drugstore and, therefore, they
lack information about native analogues of well-known
foreign pharmaceuticals.

Materials and technical base of pharmacies do not
fully ensure the safety of medicinal preparations, given
by the normative documentation.

Lack of Central pharmacy on the territorial body of
UIS Penal Enforcement System. There isa lack of funding
for the provision of timely and quality medical treatment
for HIV infected persons in penitentiary institutions.

To solve these problems we offer the following:

It is advisable to conduct a mandatory compliance
with comprehensive immunological survey research of
human histocompatibility (HLA B*5701) to reduce the
cash cost of drugs in case of unreasonable use.

It is necessary to create an integrated system of
electronic document management, medical records
among all medical units of the Federal penitentiary service
of Russia for reasonable drug therapy, management of
medical and accounting documentation on the basis of
program-technical complex for automated filing of the
account of inmates.

Preparing information on the availability of
medicinal preparations and synonymic replacements
for doctors and, indirectly, for the special contingent by
pharmacists for pharmacies UIS on a regular basis.

The establishment of the Central pharmacy of the
territorial body of UIS Penal Enforcement System.

Finding additional funds to improve the materi-
al-technical base of pharmacies and drug supply of in-
mates.

Conclusion. Currently due to an urgent need of or-
ganizing penitentiary medical institutions of the Central
medical organizations, and introduction of centralized
systems of accounting of pharmaceuticals and medical
devices, improving the process of medical records and
increase in funding for purchasing medicines for the pro-
vision of quality pharmaceutical care to the inmates.
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