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OB30P KIMHUYECKUX UCCNEAOBAHUIN NPOTUBOPAKOBOW
AKTUBHOCTU NPOU3BOAHbLIX APTEMUSIUHUHA

J.A. Konosanos', A.A. Xamunonos', O.M. Illesuyx®, JI.A. Jlozéunenxo?

[Tamueopckuil meduxo-papmayesmuueckuti uncmumym — guauan Bonel MY Munzopasa Poccuu
E-mail: d.a.konovalov@pmedpharm.ru
2@edepanvroe cocyoapcmeernoe 6r00cemuoe yupesicoenue Hayku « Opoena Tpyoosoco Kpacrnoeo 3namenu
Huxumcxui bomanuueckuii cad — Hayuonanvuvii nayuniii yenmp PAH»
nem. Huxuma, Pecnyonuxa Kpoim
E-mail: oksana_shevchuk1970@mail.ru

Apmemusunun — cecKeUmMepneHosblll IAKMOH, 8bl0ENeHHbIN U3 HAO3EMHOU Yacmu NOAbIHU 0OHONemHel (Artemisia
annua L.) 6 70-x 2o0ax XX eexa. Ha ocnose e20 npou3g00Hbix cO30aHbl U WUPOKO UCHONB3YIOMCS camble IhdekmusHbie
JleKapcmeenHble cpeocmea OIS ledeHusi Mansapuu. 3a nocieonue 08a oecsimuiemus npoedeHbl MHO2OUUCTEHHbLe in
Vitro u in vivo uccie0o6anus, nokasasuiue npomueopaKogyo aKmusHOCHb SMux NPenapamos 6 OMHOUeHUY HeKOMo-
pbIx TUHUL pakosvix kiemok. Llenvto uccnedosanusn s6151cs 0030p HayUHOU UHGOPMAYUU NO U3YYEHUIO KTUHUYECKUX
caydaes u pe3ynomamos OCyujecmeieHHblx KIUHUYECKUX UCHbIMAHULL C UCHONb308AHUEM JIeKAPCMBEHHBIX CPEOCmE
Ha OcHo8e NPOoU3BOOHLIX apmemusununa. Mamepuansl u memoosl. Hccinedosanue nposoounocs ¢ UCHOAb308aHUEM
ungopmayuonno-nouckosvix (PubMed, ScholarGoogle,) u bubnuomeunvix 6as oannvix (eLibrary, Cyberleninca), a
makaice npunodxcenust ResearchGate ons cemanmuueckozo noucka. Pesynomamaut u o6cysncoenue. Ycmarnoeneno, umo
Haubobulee KOTUYECmB0 U3BECHHbIX KAUHUYECKUX CTYYAes U 6bINOIHEHHbIX KAUHUYECKUX UCCTe008AHULL CBA3AHO C
uzyueHuem npomueoparKo6oll AKMuUSHOCMU 00HO20 U3 NPOU3BOOHBIX apmeMusuHuna — apmecyrnama. Jlannvle, nomy-
YeHHble PA3TULHLIMU UCCTE008AMENbCKUMU 2PYNNAMYU NOKA He NO360IAI0M 2080PUMb O SAPKO BbIPAICEHHOU AKMUBHO-
cmu nocieonezo. OOHAKO YCMAaHO8eHbl Pakmuvl RPOOLEHUS HCUSHU DONBHBIX, YIYUUEHUS eé Kauecmed, NOGbIUEeHUS
KOHmponsa Hao 3aboneeanuem. 3akniouenue. Onyonukogannvie 0aHHble KIUHUYECKUX CYYAEe8 U KIUHUYECKUX Ucce-
0osanuil, nposedénnvix 3a nepuood ¢ 2001 2. no 2016 2., scensirom coepuHcaHublil ONMUMUIM RO HOBOOY NEPCHEKMUBDL
UCNONb306AHUSL NPENAPAMOB HA OCHOBE HEKOMOPIX NPOU3EOOHBIX APMEMUSUHUHA 8 OHKOLOZUU.

Kntouegvie cnosa: ceckeumepnenogule 1aKMOHbl, ApMeMU3UHUH, APMeCyHam, apmesmep, apmememep, paKogsle
3abonesanus

A REVIEW OF CLINICAL STUDIES OF ANTICANCER ACTIVITY
OF ARTEMISININ DERIVATIVE

D.A. Konovalov', A.A. Khamilonov', O.M. Shevchuk? L.A. Logvinenko?

'Pyatigorsk Medical and Pharmaceutical Institute — branch of Volgograd State
Medical University of the Ministry of Health of Russia, Pyatigorsk, Russia
E-mail: d.a.konovalovi@pmedpharm.ru
’Nikitsky Botanic Garden, Nikita, Republic of Crimea
E-mail: oksana_shevchukl1970@mail.ru

Artemisinin is a sesquiterpene lactone isolated from the aerial part of sweet wormwood (Artemisia annua L.) in
the 1970s. Based on its derivatives, the most effective medicines for the treatment of malaria have been created and
are widely used. Over the past two decades, numerous in vitro and in vivo studies have been performed. They have
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shown the anticancer activity of these drugs in relation to certain cancer cell lines. The aim of the study is the review
the scientific information on the clinical cases and the results of clinical trials carried out using drugs based on ar-
temisinin derivatives. Material and methods. The study was conducted with the use of information search (PubMed,
ScholarGoogle,) and library databases (Cochrane, eLibrary, Cyberleninca), as well as ResearchGate application for
semantic search. Results and discussion. It has been established that the largest number of known clinical cases and
completed clinical studies is associated with the study of the anticancer activity of one of the artemisinin derivatives -
artesunate. The data obtained by various research groups do not yet allow us to speak of a pronounced activity of the
latter. However, the facts of prolonging the life of patients, improving its quality, increasing control over the disease
have been established. Conclusion. The published data of clinical cases and clinical studies performed for the period
from 2001 to 2016, instill restrained optimism about the prospect of using drugs based on some artemisinin derivatives

in oncology.

Keywords: sesquiterpene lactones, artemisinin, artesunate, arteether, artemether, cancers

BBEJIEHHME. Pak sBisercsa Beaylied NTpUYUHON
cMepTHOCTH BO BceM mupe. B 2018 rony oxxunaercs 9,6
MUJUIMOHA CMEpTei OT 3toro 3abosieBanus. [06aIbHO
oJHa U3 6 cMmepTel o0ycioBicHa pakoM [1]. B TeueHue
OmKalIInX JABYX NECSATUICTHH OXKHUAACTCS yBEIMYCHUE
yycia 3a00JIeBIINX pakoM mpuMepHo Ha 70%. Haubonee
pacIpoCTpaHEeHHBIMH OHKOJIOTMUYECKUMH 3a00J1eBaHH-
SIMU SIBIISIFOTCS: pak Jjierkux (1,76 mmnona cmepreii),
pak nedenu (782 000 cmepreii), KOIOPEKTAIbHBIA paK
(862 000 cmepreit), pak xemynka (783 000 cmepreid) u
pak MoouHoU xene3sl (627 000 cmepreit).

[Tpuponubie coeMHEHUs TPUMEHSIOTCS B XUMHOTE-
parnuu paka 6onee 50 et [2—6]. Y3 175 HHU3KOMOIIEKY-
JISIPHBIX MPOTHUBOOITYXOJIEBBIX IPENapaTroB, BBEICHHBIX
B TEpaIvio B 3allaJHbIX CTpaHaX B TEYCHHE MOCIIECIHUX
70 net, oxono 49% OBUTH MOY4YeHBI HETIOCPEICTBEHHO
W3 NPUPOJHBIX COENUHEHHH JHOO0 MPOM3BOJAHBIX HA HX
ocHoBe [7].

B mocnemHue roasl mpoBeneHO OOJbLIOE KOJIMUe-
CTBO HUCCJIEIOBAHUM 110 U3YUEHUIO in Vitro U in vivo mpo-
THUBOOITYXOJICBOM aKTMBHOCTH apTEeMU3WHHUHA U €ro Tpo-
W3BOJIHBIX, HA OCHOBE KOTOPBIX CO3/1aHbI JIEKAPCTBEHHBIC
npenaparsl [8—14].

ApTEeMHU3UHHHBI MPOSIBIISIIOT CUIIBHBIN POTHBOOITY-
X0J1eBbIi AP (EeKT B OTHOIIEHUN Pa3HBIX JIMHUNA PAKOBBIX
KJIETOK 4enoBeka. OIHaKO MEXaHW3M 13TOW aKTHBHOCTH
IO KOHIIa He ToHsAT [15, 16].

ApTeMU3UHUH — MPUPOIHBIA CECKBUTEPIIEHOBBIN
naktoH ¢ 1,2,4-TpuokcaHoBoil cucremoit kojel. Paszpy-
LIEHHE SHAONEPOKCUAHOTO (hparMeHTa B ero CTpyKType
U, KaK CJIeICTBHE, 00pa3oBaHNe CBOOOIHBIX PaJNKaJIOB
00yCNIaBIMBAIOT HE TOJBKO €ro IMPOTHBOMAISIPUITHOE
JeiicTBUe, HO U MIPOTUBOOIYXONEBYI0 aKTUBHOCTH [17].
[Murorokcnueckuid 3((GeKT apTeMU3MHWHA BKIIOYAET
€ro CBSI3b C HOHAMHU XKeJjle3a. A IMOCKOJIbKY OOJBIIMHCTBO
PaKOBBIX KJIETOK (B CPaBHEHUH C HOPMaJIbHBIMHU ) UMEIOT
Oosiee BHICOKYIO KOHIIEHTPALIMIO PELeNTOPOB TpaHChep-
pHHA Ha CBOEH TMOBEPXHOCTH, TO MMEHHO 3TO B3aWMO-
JICWCTBHE HCCIIEJOBATENI XapaKTePH3YIOT KaK BayKHBIH
KOMIIOHEHT €ro MeXaHH3Ma IPOTHBOOITYXOJIEBOTO JIEeH-
ctBus [18].

CyIIecTBeHHBIM HEJOCTaTKOM apTeMH3MHUHA, Kak
(hapmareBTHUECKOM CyOCTaHIMHU, SIBISIETCS €ro Iioxas
pacTBOPUMOCTH B Bojie M JIMIIOMMIBHBIX cpenax [19].

AprecyHat, apTeMeTep M Apyrue IpOU3BOAHBIC ap-
TEeMHU3WHHUHA 00JIaJIAt0T JIyYIlel pacTBOPUMOCTBIO U, KaK

CJIE/ICTBHE, JIydIlled OMOAOCTYITHOCTBIO B CHUCTEMaX in
vitro v in vivo [20].

HecMmoTpst Ha MHOTOYHCIICHHBIC UCCIICIOBAHUS TIPO-
THUBOOITYXOJICBOW aKTUBHOCTH ApTEMH3MHHUHOB, JI0 Ha-
CTOSIIIIETO BPEMEHH COOOIIATIOCh JIMIIb O HEOOJIBIIOM
KOJIMUCCTBE KJIMHUYCCKUX HUCIBITAHUA M OTICIBHBIX
KIMHUYCCKUX CiTydasx (Tabmura 1).

HEJIb UCCIEAOBAHMUS — 0630p Hay4HOH HH-
(dbopManuu Mo M3yYCHHUIO KIMHHYCCKUX CIIyYyacB U pe-
3yJBTATOB OCYIICCTBICHHBIX KIMHHYCCKUX HCIIBITAHUI
C WCIIOJIb30BAHUEM JIEKAPCTBEHHBIX CPEJICTB HA OCHOBE
MIPOU3BOHBIX APTCMH3UHHHA.

MATEPHUAJIBI U METOABbI. Hccnenosanue
MIPOBOJIIIIOCH C HCIOJIh30BaHUEM HH(POPMAIHOHHO-TIO-
nckoBbix (PubMed, ScholarGoogle,) u 6ubmOTEUHBIX
0a3 nannbIx (eLibrary, Cyberleninca), a Tak:xe mpuoxe-
nust ResearchGate /1715t ceMaHTHYeCKOTO MOUCKA.

PE3VYJIBTATBI U OBCYKAEHME. YactoTra BO3-
HUKHOBCHUS paKa TOPTaHH COCTaBISICT mpuMepHo 45%
OT U3BECTHBIX BUJIOB KapIIMHOMBI TOJIOBBI U 1ien [21].
Be3 sedenus 0obHBIC PAKOM TOPTaHH YMHPAIOT B CPEI-
HeM B TeueHue 12 mecsien. JledueHne manueHToB CTpa-
JIAIOIUX MJIOCKOKJIETOYHOH KapIIMHOMOI TOpTaHU — 3TO
MICPBBII OMMMCAHHBIN CITydail KITMHUYCCKOTO IIPUMCHCHUS
apTecyHara, BOJI0pacTBOPHMOTO IIPOU3BOJAHOTO apTEMH-
3uHMHA [22].

Wubeknuy pacTBOpOM apTecyHara ¢ MOCIeAyOIIM
MIPUMCHCHHUEM €r0 TabJICTUPOBAHHOMN ()OPMBI B TCUCHUC
JICBSITH MECSIIIEB CYIIIECTBCHHO YMCHBIIIIN pa3Mep OIy-
XOJIU Y 75-JI€THETO MY)KUUHBI C JJIUTEILHON UCTOpHE
JKeBaHMsl U KypeHus Tabaka. KimHuyeckoe oOcienoa-
HUE M0Ka3aJI0, YTO TOCJIe Ha3HA4YeHUsl Ipenapara mei-
HbIC JIUM(PATUICCKUE Y3IbI YMCHBINWINCH. JleueHue
apTecyHaToOM HPOJIMIO BpeMsl M YIYYIIHJIO KayeCTBO
KHU3HU OONBHOTO. [lalMeHT MPOXKHII MOYTH OJMH TOJ
U BOCEMb MECSIIEB (0 €ro CMEpPTU M3-3a MTHCBMOHUH),
XOTSI JIeYeHUE OBLIO MPEKPAIICHO Yepe3 JIEBIATh MECSIICB
MocJIe HaJaja.

Hukaknx BUIUMBIX HEOJArOMPHUSITHBIX MOOOYHBIX
3¢ GeKTOB HE HAOIIONATOCH, CBUICTEIBCTBYS O TOM, YTO
apTecyHar MOXET ObITh 3(p()EeKTUBHBIM SKOHOMUYHBIM
AJBTCPHATUBHBIM IPETIApPaTOM IS JICUCHHS pakKa, 0COo-
OCHHO B CJIy4asx IMO3JHErO €ro BBIABJICHUS, KOTJa JO-
CTYITHBIC METObI JICUCHHsI OTpaHNYEHBI [22].

3110Ka4eCTBEHHBIE MEIAaHOMBI COCTaBAIOT 1-3%
BCEX 3JIOKAYCCTBCHHBIX OIyXOJICH, HO MHPOBasi TCHJICH-
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Pucynok 1 — Xumuueckue cmpyKkmypol apmemMu3uHuHa U €20 RPOU3E0OHbIX

st 3a00J1€BaEMOCTH ATUM BHJIOM PaKa CBHJICTEIILCTBYET
0 PE3KOM POCTe ATOH maroyoruu 10 6—7% B roxa. 3abo-
JIEBaeMOCTh MEJaHOMOM IpOJIOJKAET pacTH ObIcTpee,
YeM JIIOOBIM JIPYTUM BHJIOM paka, 0COOCHHO Y MY>KUUH
crapuie 50 ner [23].

T.G. Berger ¢ xomteramu [24] ucnonabs3oBainu ap-
TECyHAaT COBMECTHO C JPYTUMH XMMHOTEparneBTHYE-
CKHMU CPEJCTBAMH JUISl JICYCHUSI ABYX IAlMECHTOB B
MO3JHEN CTaJuu yBeaJbHOU MelaHOMBI. JleueHue xo-
pOILIO NEepPEeHOCHIIOCHh MAalMEeHTaMH, HE O0HapyKUBas
mo0ouHbIx pdexToB. [locie geyeHust OAUH MaUEHT
MPOXKHI B TeueHue 24 MecsieB, BTOPOH — B TEUCHHE
47 MecseB.

AneHombl runodusza — 100poKadecTBEHHBIE HOBO-
00pa3oBaHMs. XOTS CMEPTHOCTh OT TaKHX OITyXOJIeH
HU3Ka (aJleHOMBI TMno¢gu3a OOBIYHO MEIUIEHHO PacTyT
Y HE METacTa3upyoT), OHU MOTYT BBI3bIBATh BTOPHYHBIC
TIaTOJIOTUH BBUJLY JIABJICHUS WIIK CKATHS dKM3HEHHO BaXK-
HBIX CTPYKTYp TOJIOBHOTO MO3ra, HalpUMep, 3pHUTEIb-
HBIX HEPBOB.
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Aptemerep B TeueHue 12 MecdleB HCHOIb30BaICA
JUIA JIe4eHUs! 75-JIeTHETO MYXYMHBI C MaKpOaJeHOMOI
runoduza. CUMITOMBI M pa3Mepbl OIYXOJIH OCTaBAJIUCh
0e3 M3MEHEHU, HO e€ MJIOTHOCTh yMEeHbIIMIack. Jleue-
HHUE apTeMETEepOM OBUIO TOJIE3HBIM M C TOYKH 3pEHHS
yAy4IIEeHHUs KaueCTBa KU3HU MaIeHTa.

ApremeTep ObUT BHIOpAH JUIsl JICUEHHUS, TOTOMY YTO
OH JIETKO MTPEO0JI0JIeBaeT reMarosHuedannieckuii 6apbep
U UMeeT JUIUTENIbHBIN NMepuo/] BBIBEACHUS U3 OpraHu3Ma
[25]. ABTOpBI cAenanu BBIBOA O TOM, YTO 3Ta MHOT0O-
Oeraromasi HoBasi Tepanus MOXKET CTaTh 0e30MacHON |
3¢ EeKTUBHON aIbTEpPHATHBOH NMPUMEHSIEMBIM B HACTOS-
1ee BpeMs METO/IaM JICYCHHUS] MaKpOaJeHOMBI THTIO(hH3a
U IpyTUX BHIOB pakKa.

Hawubonee pacrpocTpaHeHHBIMU IPHYMHAMH CMeEp-
TH OT paka y MYXXYHH SIBJISIFOTCSI paKoBbIe 3a00JIeBaHUs
JIETKUX, MpeACTaTeabHOI *Kenae3bl U MPAMON KHUILIKH; Y
KEHIIUH — paK JIeTKUX, TpyAu (MOJIOYHOH JKeJie3bl) W
MpsIMOM KHUIIKU. JTH 4 TUMA paka o0yciaaBiuBarT 46%
BCEX CMEPTEH OHKOJIOTHUECKUX OONBHBIX [22].
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Knunnueckoe uccnenopanue Z.Y. Zhang ¢ coaBropa-
MU CTaBWJIO OJIHOM M3 11esel cpaBHeHUE 3(D(EKTUBHOCTH
Y TOKCUYHOCTH XUMHOTEPAIHH C UCIOIb30BaHUEM apTe-
CyHara B COYETaHWHU C BUHOPEJIOMHOM M IIHCIUIATHHOM B
JICYEHUH TIPOTPECCUPYIOIIET0 HEMEIKOKIETOUHOTO paKa
nerkoro [26]. Cto nBajanaTe MalMEHTOB C HEMEJKOKJIE-
TOYHBIM PAKOM JIETKUX CIIy4aiiHbIM 00pa3oM pa3/esuiin
Ha JiBe rpyninbl. OnHa u3 rpymni (KOHTposbHast, 60 nanm-
€HTOB) MoJTyyasa OOBIYHYI0 XUMHOTEPAIINIO, BTOpast (Hc-
ciietyemas rpyrma, 60 nanueHToB) — KOMOMHHPOBAHHYIO
C HCITIOJIb30BAaHUEM apTecyHaTa.

[TaumeHTOB B KOHTPOJIBHOM TpyIHIE JICUMIH BUHO-
penOuHOM (BHYTPUBEHHAss WHBEKIHS) M LUCIUIATHHOM
(BHyTpHBeHHO, KanenbHO). IlaneHTOB B MCciaemxyeMoit
rpymIe — ¢ MCIOJIb30BaHHEM 0a30BOH Tepamuu (UaeH-
TUYHON KOHTPOJILHOHM Tpymre) u aprecyHara (120 mr
B JIeHb, OJJHOKpaTHas BHYTPHBEHHAsi MHBEKIMS). Bbuto
MIPOBEZICHO /Ba 2 1-THEBHBIX Kypca JICYeHUsL.

ABTOpBI CTaThbdl B 3aKJIIOYEHHE COOOIIMIN, YTO HE
OBLIO CYIIECTBEHHBIX Pa3IMYUid B KPaTKOCPOUHOH, Cpel-
HECPOYHOW BBDKMBAEMOCTH U BBDKHBAEMOCTH B TEUCHUE
1 Toma MexIy uccieayeMOoi U KOHTPOJIBHOM IpyInaMy.
INokazarenu ypoBHs KOHTpouyisi 3aboneBanus (88,2%)
U BpEMEHHU ero pemuccuu (24 Hemenu) B HCCIEAyeMOi
rpyImie ObUIH BhILIE, YeM B KOHTPOJbHOM (72,7%, 20 He-
nenb) (p <0,05). He Obito 0OHApY»KEHO CYIECTBEHHOM
Pa3HMIBI B TOKCHYHOCTH (MHEIIOCYIIPECCUS M PEaKkInu
CO CTOPOHBI CHCTEMBI IHUILIEBAPECHUS) HCIIOIb3yEMBIX
JBYMsI TpyTIaMu JIEKapCTBEHHBIX cpeacTB (p> 0,05).

Takum 00pazoM, aBTOPBI HCCIEIOBaHUS CIETaIH
BBIBOJI, YTO apTECYHAT MOXKET UCIIOIb30BaThCS ISl JIeyue-
HUSI HEMEJIKOKJICTOYHOTO paka JIETKOro. DTOT mIperapar
BMECTE C XUMHOTEPAIIEBTHIECKUMH CPEICTBAMH MOXET
MOBBICUTH KPAaTKOCPOYHYIO BBDKMBAEMOCTh OOJIBHBIX H
MIPO/UTUTH BpPEMsI PEMHUCCHU 03 JOTONHHUTENBHBIX TO-
604HBIX 3(D(PEKTOB.

ApreHumon-R  (muruppoapTreMU3HNHA CyKIIMHAT)
MIPE/CTaBIsIET Co00M NMNOMUIBHOE NPOU3BOIHOE ap-
TeMu3nHMHA. B pamkax peanmsanum Developmental
Therapeutics Program (IIporpamma pa3BuTusi Tepanun)
HarmmonaneHoro uacTHTyTa paka (CILIA) ycTaHoBICHO,
YTO 3TO COEAWHEHUE MPOSBISET BHICOKYIO IUTOTOKCHY-
HOCTb B OTHOIIEHHHU BCEX MCCIIECIOBAHHBIX JIMHUI paKo-
BBIX KJIETOK uejoBeka [27].

28-THEBHOE JICYEHHE apTeHNMOJIOM-R mpuBoImiio k
KIIMHUYECKOM PEMUCCHH JUTUTEIBHOCTHIO OKOJIO 6 Mecsi-
1eB y Bcex nanuentos. [llects n3 10 manueHToB ¢ 1mo3u-
Hel crajueli 3a0osieBaHus IPOKUIK Oostee 2 et [28].

ABTOpBI NIPHILTH K BBIBOLY, YTO OUEBHIHBIH 3P deKT
WCYE3HOBEHHUSI CUMIITOMOB M yBEJIWYEHHE BBDKHBAEMO-
CTH OOJIEHBIX TPEOYIOT OONBIIMX PaHIOMH3MPOBAHHBIX
KOHTPOJIMPYEMBIX HCCIICIOBAaHUH C HCIIOJIb30BaHUEM
MTPOJOIDKUTENILHOTO 1, BO3MOXKHO, HEPEPHIBHOTO TIEPH-
0712 BBEJICHUS JICKAPCTBEHHOTO CPECTRA.

Pax rpynu (Mono4HOI jkene3sr), 6e3yCIIOBHO, SBIIS-
eTcsl HanboJee YacThIM OHK03a00JIeBaHUEM CpPENU KEH-
LIMH U COCTaBIIsieT IPUMEPHO 25% BceX HOBBIX CITydYacB
paka, 3apeTUCTPUPOBAHHBIX BO BceM Mupe [29].

[Mockonbky 3¢ddexTHBHOCTD J1eueHus OOJBHBIX pa-
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KOM MOJIOYHOM KEJIe3bl, MONyYaroliX XUMHOTEPAIIHIO,
cocTaBiseT Toibko 50—-70%, akTyalieH TOUCK HOBBIX Jie-
KapcTBEHHBIX cpeacTB [30].

Uccnenosanue Th. Ericsson u ero xosurer [31] cBoeit
LIEJTBIO OITPEIEIISIIIO BO3MOXKHOCTh 0XapaKTepU30BaTh MO-
MYJSIHOHHYI0 (PapMaKOKMHETHKY apTecyHara (1o Ipo-
JIYKTY €ro MeTadoyin3Ma — JUTHAPOAPTEeMU3UHUHY) BO
BpEMs1 JUTUTEIBHOTO JICYCHHMSI MTAIINEHTOB C MeTacTaTnye-
CKUM PaKOM MOJIOYHOH JKeJIe3bl ¥ OLIEHUTh MOTCHIINAIb-
HYIO 3aBUCHMOCTH (hapMaKOKHHETHUECKUX MapaMeTpoB
OT BpEMEHH. DT JIaHHbIE OBbIJIM MOJYUYESHBI P JICYCHUH
23 manuenTtoB, nomydaBmmx aprecyHar (100, 150 wmu
200 mr per os). IlepBas rpymnmna nanueHToB (6 marueH-
ToB) npuHumana 100 mr aprecynara. J[Be apyrue rpyim-
el osryyanu 6o 150 mr (7 maruenToB), 6o 200 mMr
(10 manMeHToOB) apTecyHara OJIMH pa3 B JICHb.

B pesynbrare, mocne JUMTENbHOTO (> 3 HENeElb)
€KETHEBHOTO IEpOpabHOTO BBEJCHUS apTecyHaTra y
O0NBHBIX HaONroNaI0Ch yBenuueHue (Ha 24,9%) snumu-
HallW JUTHAPOAPTEMU3NHHUHA, YTO, IO MHEHHIO aBTO-
POB HCCIIeIOBaHHs, YKa3bIBAJIO Ha MMOTEHIWAN ayTOMH-
JOYKIUHM MeTabonu3Ma. bt Takoke clienian BBIBOJ O TOM,
410 HabIoaeMast KOppessLus MeK1y KOHIIEHTPausIMH
JUTHIPOAPTEMHU3VHIHA B CIIOHE W B IUIa3Me Ipesro-
JlaraeT BO3MO)KHOE HCIIOJIb30BaHUE OTOOpa CIIOHBI PU
(hapMaKOKMHETHYECKUX HccienoBanusx [31].

Jns nccnenoBanust 0€30MaCHOCTH apTecyHara (BIu-
SIHUSI Ha CITyX) B 9TOM MCCIIEIOBAaHHU TIPOBOAMIACH ay-
JMOJIOTHYECKasi OLIEHKAa KaXJIOTO MallMeHTa JI0 TpHeMa
aprecyHara u nocie 4 Henenb tepanuu [32, 33]. Heo6-
XOJJMMOCTB JTOTO M3y4eHHs Obljla BbI3BaHA T€M, YTO Ha
9Tare TEeCTUPOBAHUS Y YEThIPEX MalIEHTOB OTMEYaINCh
poOJIEMBI CO CIIyXOM, BO3MOXKHO, CBSI3aHHBIE C IPHMe-
HeHueM aprecyHara. OIHaKO HU OAWMH M3 3THX (haKTOB
He OB KiacCH(UIMPOBAaH Kak TsDKeJoe HeOliaromnpu-
STHOE COOBITHE W HE TpeOOBal NMpEpbIBaHHS JICUCHHS.
VY 4eThIpex MalMeHTOB OBUTH OTMEUEeHbI MOOOYHBIE SIB-
JICHUS1, CBSI3aHHBIE C BECTUOYJISIPHON CHCTEMOH, OJTHO M3
KOTOPBIX OBUIO KJIaCCH(HUIIMPOBAHO KaK TshKENoe Heba-
ronpuatHoe coObiTre. [Ipu 3TOM 0OHO OBUTO TIOITHOCTHIO
YCTpaHEeHO Iocie NPeKpalleHHs] BBEJCHUS apTecyHara.

Takum o0pa3oM, HM OAMH M3 OONBHBIX TOCHE Ye-
TBIPEXHENIENIFHOM Tepanuy apTecyHaToM HE Xapakre-
PHU30BAJICS CHMITOMaMH KaKoOH-IMOO J/10303aBUCUMOM
TOKCUYHOCTH Ha OpraH ciyxa. Tem He MeHee, aBTODEHI
MIPUILIHA K BBIBOJY, YTO JIOCTOBEPHBIIT MOHUTOPHHT TIPH
JaTbHEHIINX KIMHUYECKUX HMCCIIEOBAHUSX C JJIUTEIb-
HBIM TIEpOpaIbHBIM MPHUMEHEHUEM apTecyHaTa B J103aX
1o 200 mr exenHeBHO omnpasnaH [32].

Fr.-W. Michaelsen ¢ coaBropamu [34] coolOurui o
nanpenre 80 JeT, CTpajaroIieM NporpecCHpyOIIeH omy-
XOJIBIO TIPEJICTATEIBLHON JKEJIE3bl, YTO MOATBEPIKICHO pa-
JIMOJIOTHYECKMMH U MMMYHOTHCTOXHMHYECKUMH METO-
namu. [lanmeHTt ObUT TOCIUTANIN3UPOBAH BBHUY OCTPOM
3aJIeP>KKU MOYH.

VYpoBeHb  IpOCTaT-CHEUU(PHUYECKOTO  aHTHUTEeHA
(ITICA) mossnnancs 1o > 800 mkr/mn. [TanueHnT nomyyan
50 mr (cyrouHas jo3a) Oukamroramuzaa 14 mueit. Omy-
X0JIb OblJTa OXapakTepu3oBaHa kak craausi pT3bN1MI1 co
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3HadyeHueM 8§ mo mkane Gleason. Ananu3 mokasan pac-
IIUPEHHBIN KOCTHBIN METAcTas.

[NanmenTy Ha3HAYMIIM IPHEM KOHIIEHTpaTa Artemisia
annua (xarncynsl o 50 Mr) aBa pa3a B JIeHb, 3aTeM Jede-
HUE MIPOJOIIKAIH, YBEIUYUB 103y /0 MATH Karcyll B I€Hb
(tabmuua 1). Camxenne nokazarenst [ICA u perpeccus
OITYXOJIM, KaK ObLJIO yCTaHOBJICHO C MOMOIIbIO MarHHT-
HO-pE30HaHCHO ToMOorpaduu, HaOIIONAIUCH B TIpOIIecce
JICYEHUS, a 3aTeM ellE B TeUCHUE HECKOJIBKUX MECSALIEB.

TeM He MeHee, OTHAs PErpeccus OMyXOIu He Obula
nocturayra. Cemb MecdaueB crnycTd yposeHb IICA u
0CTa3 yBEJIUYMINCh, YTO YKA3bIBAJIO Ha PELUIUB OIY-
XOIIM M METacTa3bl B CKeJET. 3aMEHMB NMPHEM KarCyl C
Artemisia annua UHBEKIUAMHU apTecyHara (2 X 150 mr
JIBa pa3a B HEIETIO BHYTPUBEHHO), MPEKPATUTh PELIUIUB
OIyXOJIH He ynanock. Tem He MeHee, aBTOPbI UCCIEO0-
BaHUS CJeNlaJld BBIBOJ, UTO JaHHAS TEpaIus MO3BOJIMIA
CHHU3HUTH YPOBEHb METACTa3UPOBAHUS OIyXOJIU U MOBBI-
CHUTb KOHTPOJIb HaJl 3(P()EKTUBHOCTHIO JICUCHHS.

S. Krishna 1 xoyuiern npoJeMOHCTPUPOBAIN PE3YJIb-
TaThl OTHOIIEHTPOBOTO, JIBOMHOTO CIIETIOTO 1a1e00-KOH-
TPOJIUPYEMOT0 HCCIIEIOBaHUsA CO CcOaaHCHUPOBAaHHOM
pannoMuzanueit naruenTos (1:1), mposenenHoro B JIoH-
noHckoM yHuBepcurere CB. I'eoprust, BenkoOpuranuu
u St. George’s Healthcare NHS Trust.

[TanmenTtsl, npuHUMarOIUE TaOJNETKH C apTecyHa-
TOM B JIOTIOJTHEHHE K CTaHAAPTHOM Tepamnuu, UMelH mpe-
HUMYIIECTBO B BEDKUBAaHUU [35].

[lepBuuHO# XapakTeprcTHKOW 3(D(PEKTUBHOCTH Jie-
yeHHs Obla J0Js OMyXOJEBBIX KJIETOK, NMOJBEPIIIUXCS
arnonTo3y. BTopuuHble MMMYHOTHCTOXMMHYECKHE pe-
3yJBTaThI OLIEHUBAJIN 110 OMyXoieBbIM MapkepaM: VEGEF,
EGFR, ¢-MYC, CD31, Ki67 u p53 u KIMHAYCSCKUM pe-
3yJaBTaTaM.

ApTecyHaT He CHIIKAJ alloNTO3 OMYXOJIEBBIX KJIETOK
B 9TOM HCCJIEJOBAaHUH, & CKOPEe YMEHbIIAN SKCIPECCHIO
Ki67 — BaxxHOTO Mapkepa MPOrHO3a MPH KOJIOPEKTAIlb-
HOM DaKe.

OTH JaHHBIE COIIACYIOTCS C HAONIONCHUSAMHU, Clie-
JIAHHBIMH TIPH JICYCHUU OOJIbHBIX, CTPAJAIOIINX PAKOM
ek Matku [28]. ABTOPBI HCCIICAOBaHUS OOHAPYKITH
MEHBIIIYI0 BEPOSTHOCTh PELIUMBOB JaHHOTO BUJA OIy-
X0 uepe3 42 Mecsa nocie JeYeHHs apTeCyHaToOM.

[epBoe uccienoBanue Ha CONUIHON OMYXOIH OBLIO
nposeneno J.F. Deeken c¢ coaBropamu [36]. ABTOpHI
YKa3bIBAIOT, YTO CPEAU BO3MOXKHBIX MEXaHHU3MOB IPO-
TUBOPAKOBOW aKTHUBHOCTH MPOU3BOJHOTO apTEeMHU3UHU-
Ha — apTecyHara paccMarpuBaiuch nospexaenue JJHK,
nHrubuposanue anruorenesa, TRAIL-onocpenoBaHHbIH
aronTo3 W WHrUOMpOBaHHWE CUTHAJBHBIX ITyTed. Bbuto
BBINOJIHEHO HccienoBanue (aspl | i ompexeneHus
MaKCHMaJbHON NEpeHOCUMOH 03Bl U J0303aBUCHUMOIL
TOKCUYHOCTH apTecyHara Py BHYTPUBEHHOM BBEJCHUU.

[ManmenTtsl nmomyyanu pasHbele 103bl Ipenapara (8, 12,
18, 25, 34 u 45 Mmr/kr) B TeueHue 21-THEBHOTO IHKIIA.
U3 19 nauneHToB, y4acTBOBAaBIIMX B UCCIICJOBAHUH, pe-
3ynbTaThl 18 ObLIM POAHAIM3UPOBAHEI HA TOKCUYHOCTH,
a 15 — na s¢pdexruBHOCTh. J0303aBHCHMAsT TOKCHY-
HOCTB OIPEJEIIAch IPU BBOAUMBIX J03ax 12 mr/kr (1
n3 6 manuenToB), 18 mr/kr (1 u3 6), 25 mr/kr (2 u3 2) u
MIPOSIBIISIIACH B HEHTPOIIEHMYECKOW JINXOPaKE, PEaKIIUH
THIEPYYBCTBUTCILHOCTH, HAPYIICHUH (DYHKIMH TTCUCHU
W ToUIHOTe. MakcuMalbHO JIomycTHMas (TiepeHocumast)
JIO3MPOBKa ObUIa ompezencHa kKak 18 mr/kr. dapmako-
KMHETHYECKHUE MapaMeTphl apTecyHara U ero akTHBHOTO
MeTadoJINTa JUTHAPOAPTEMHU3MHNHA KOPPEIUPOBAIH C
no30i. [Ipu aToM Habmoanach ymMmepeHHast KITMHUYECKast
aKTHBHOCTb, T.€. 3a00JIEBaHUSI HaXOIWJIOCh B CTaOMIIb-
HOM KOHTpOJIMpyeMoM cocTosiHud. OTcyTcTBHE Oonee
3HAYUTENILHBIX A(PEKTOB Ha BBEJCHHUE IIpenapara ObuIo
Pa304apoBBIBAIOIINM, C TOYKH 3PEHUSI HCCIIE0BATENb-
CKOH TpyHIbl, 0COOCHHO C y4YETOM HaJIeKHBIX DPE3ylb-
TaTOB JIBYX MPEIBITYIIUX NCCITUICTUN JOKIMHUICCKIX
uccuenoBanuil. Mcnonb3oBaHHbIE TO3UPOBKU apTeCyHa-
Ta He TI03BOJIMIIM JOCTHYb TOH KOHIIEHTPAIMH ITpernapara
B KPOBH MAI[MEHTOB, KOTOPBIC CPABHUMBI ¢ 3()(HEeKTHBHBI-
MH JI03aMHU [IPH UCCIIEI0BaHUX in vivo. [109TOMy aBTOpEI
CUUTAIOT, YTO JAJIbHEHIINE KIMHUYECKHE HCCIIE0BaHMS
9TOTO COEMHEHHMS C MCIONB30BaHUEM aJBTEPHATHBHBIX
rpaduKoB JTO3MPOBAHMS OIPABIAHEL.

3AKJIFOYEHME. 3a nocneanue aBa AeCATUICTUS
OIMKCAH PsIJT KIMHUYCCKUX CIIYYaeB U MPOBEACHBI KIIMHU-
YeCcKHe MCCIIeJOBaHMs ITPenaparoB Ha OCHOBE IPOU3BO-
JTHBIX apTCMHU3MHUHA, UCTIOJIb30BABIIUXCS MPH JICUCHUU
OOJIBHBIX pa3HBIMU BHJIAMH pPaKa.

YcTaHOBIIEHO, YTO HaWOOJbIEEe KOJMYECTBO OITy-
OJIMKOBAHHBIX JaHHBIX XapaKTCPU3YeT Pe3yJIbTaThl H3y-
YEHUsI TPOTUBOPAKOBOH aKTUBHOCTH BOJIOPACTBOPUMOTIO
MIPOM3BOTHOTO apTEMHM3MHWHA — apTecyHara. JlaHHbIe,
MOJTyYEHHBIE PA3IMYHBIMU HCCIIEOBATEIILCKIMHU TPYII-
MamMH, TI0Ka HE TTO3BOJISIOT TOBOPHUTH O SIPKO BBIPayKCH-
HOW aKTUBHOCTH mocieaHero. OJIHAKO yCTaHOBIECHBI
(hakThl TPOJUICHUS KU3HU OOJBHBIX, YIyUIICHUS ¢¢ Ka-
YeCTBa, OBBIIICHHS KOHTPOJIS HaJl 3a00JIEBAHUEM.

C ToukHu 3peHHs] HEKOTOPBIX HUCCIIEAOBAaTENeH KOM-
OMHalus apTecyHaTa ¢ KJIacCHYECKHMMHU XMMHUOTeparieB-
THYECKUMHU CPEJICTBAMH OCOOCHHO IMEPCHEKTUBHA, TaK
Kak apTecyHaT o0OecCleuMBaeT HE3aBUCHMBIH MEXaHH3M,
YCUJIMBAIONIMH POTHBOPAKOBYIO aKTHBHOCTB 0€3 TIOBBI-
[ICHUS TOKCHYHOCTH.

KomOuHaIonHast tepanusi ¢ MCIOJIb30BaHUEM H3-
BECTHBIX XUMHUOTEPATICBTUYCCKUX CPEJCTB B COYCTAHUU
C HCKOTOPHIMU IMPOU3BOJHBIMH apTCMU3MHUHA, MOXKCT
criocoOcTBOBaTh paspaborke Oosee 3(hhexTHBHON, Me-
HEe TOKCUYHOHN M HETOPOTOH XUMHUOTEPAITUU HEKOTOPBIX
OHKOJIOTHUYECKHX 3a00JICBaHU.

INTRODUCTION. Cancer is the leading cause of
death globally. 9.6 million deaths from this disease are
expected in 2018. Globally, nearly 1 in 6 deaths is due to
cancer [1]. The number of new cases is expected to rise
by about 70% over the next 2 decades. The most common

causes of cancer death are cancers of: lung (1.76 million
deaths), colorectal (862 000 deaths), stomach (783 000
deaths), liver (782 000 deaths), breast (627 000 deaths).
Natural products have played a major beneficial role
in cancer chemotherapy for over 50 years [2—6]. Thus,
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out of a total of 175 small-molecule anticancer drugs in-
troduced into therapy in Western countries over an ap-
proximately 70-year period, about 49% have been either
obtained from natural compounds directly or derived
from natural products [7].

Last years, a great many of researches were carried
out on studying anticancer activity in vitro and in vivo of
an artemisinin and its derivatives [8—14].

Artemisinins exhibit a strong antitumor effect on dif-
ferent lines of human cancer cells. However, the mecha-
nism of this activity is not fully understood [15-16].

Artemisinin is a natural sesquiterpene lactone with
1,2,4-trioxane system of rings. The destruction of the
endoperoxide fragment in its structure and, as a conse-
quence, the formation of free radicals cause not only its
antimalarial effect, but also antitumor activity [17]. The
cytotoxic effect of artemisinin includes its bond with iron
ions. Since the majority of cancer cells (compared to nor-
mal) have a higher concentration of transferrin receptors
on their surface, the researchers characterize this inter-
action as an important component of its mechanism of
antitumor action [18].

Artemisinin

Dihydroartemisinin

2 3
MeO
Artemether Arteether
O
OH
@)
Artesunate

Figure 1 — Chemical structures of artemisinin and its derivatives

A significant drawback of artemisinin as a pharma-
ceutical substance is its poor solubility in water and lipo-
philic mediums [19].

The artesunate, artemether and other derivative arte-
misinins have the best solubility and, as consequence, the

410

best bioavailability in vitro and in vivo systems [20]. De-
spite numerous in vitro and in vivo studies of the antitu-
mor activity of artemisinins, to date, only a small number
of clinical trials and individual clinical cases have been
reported (Table 1).
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THE AIM of study is to review the scientific infor-
mation on the clinical cases and the results of clinical
trials carried out using drugs based on artemisinin de-
rivatives.

MATERIAL AND METHODS. The study was
conducted with the use of information search (PubMed,
ScholarGoogle,) and library databases (Cochrane, eLi-
brary, Cyberleninca), as well as ResearchGate applica-
tion for semantic search.

RESULTS AND DISCUSSION. The incidence of
laryngeal cancer is approximately 45% of the known
types of head and neck carcinomas [21]. Without treat-
ment, laryngeal cancer patients die within an average of
12 months. The treatment of a laryngeal squamous cell
carcinoma patient with a water-soluble artemisinin an-
alog, artesunate, is the first report on the use of a daily
dose of artesunate for cancer treatment [22].

Injections with artesunate solution followed by the
use of its tablet form for nine months significantly re-
duced the size of the tumor in a 72-year-old man with a
long history of chewing and smoking tobacco. Clinical
examination showed that after the appointment of the
drug, the cervical lymph nodes decreased. Artesunate
treatment extended the time and improved the patient’s
quality of life. The patient lived for almost one year and
eight months (before his death due to pneumonia), al-
though the treatment was discontinued nine months after
the start.

No visible adverse side effects were observed, sug-
gesting that artesunate can be an effective, cost-effective
alternative for cancer treatment, especially in cases of
late detection, when available treatment methods are lim-
ited [22].

Malignant melanomas constitute 1-3% of all malig-
nant tumors, but the global incidence is rising dramati-
cally at the rate of 6-7% per year. The incidence of mel-
anoma continues to grow faster than any other type of
cancer, especially in men older than 50 years [23].

T.G. Berger et al. used artesunate together with other
chemotherapeutic agents to treat two patients in the late
stage of uveal melanoma. The treatment was well toler-
ated by patients without detecting side effects. After the
treatment, one patient lived for 24 months, the second for
47 months.

Pituitary adenomas are benign neoplasms. Although
the mortality from such tumors is low (pituitary adeno-
mas usually grow slowly and do not metastasize), they
can cause secondary pathologies due to pressure or con-
traction of vital brain structures, such as the optic nerves.

The artemether within 12 months was used for treat-
ment of a male 75-year-old patient with a pituitary mac-
roadenoma. The symptoms and the size of a tumour re-
mained without changes, but its density decreased. The
artemether treatment was beneficial in improving the
patient’s quality of life.

The artemether has been chosen for treatment be-
cause it easily crosses a hematoencephalic barrier and
has a longer half-life [25]. The authors have drawn a con-
clusion that this promising new artemether therapy may

provide a safe and effective alternative to currently used
treatments for pituitary and other cancers.

The most common causes of cancer death are can-
cers of the lung and bronchus, prostate and colorectum
in men and lung and bronchus, breast and colorectum in
women. These 4 cancers account for 46% of all cancer
deaths [26].

The clinical study of Z.Y. Zhang et al. was designed
to compare the efficacy and toxicity of artesunate com-
bined with chemotherapy by vinorelbine and cisplatin
in the treatment of advanced non-small cell lung cancer
[27]. One hundred and twenty cases of advanced non-
small cell lung cancer were randomly divided into sim-
ple chemotherapy group (control group, 60 patients) and
combined artesunare with chemotherapy group (trial
group, 60 patients).

The patients in the control group were treated with
vinorelbine (intravenous injection) and cisplatin (intra-
venous drip). The patients in the trial group were treat-
ed with the background therapy (identical to the control
group) and artesunate (120 mg, once-a-day, intravenous
injection). Two 21-day-cycles of the treatment were per-
formed.

In the conclusion the authors of the article informed
that there had not been any significant differences in
the short-term, medium-term survival rate mean, and a
1-year survival rate between the trial group and the con-
trol group. The disease controlled rate of the trial group
(88.2%) was significantly higher than that of the con-
trol group (72.7%) (P<0.05), and the trial group’s time
to progression (24 weeks) was significantly longer than
that of the control group (20 weeks) (P<0.05). No signif-
icant difference was found in toxicity between the two
groups, such as myelosuppression and digestion reaction
(P>0.05).

Thus, the artesunate can be used in the treatment of
advanced non-small cell lung cancer. Artesunate com-
bined with chemotherapeutic agents can elevate a short-
term survival rate and prolong the time to progression of
patients with advanced non-small cell lung cancer with-
out extra side effects [27].

Artenimol-R (succinate ester of artenimol) is a
low-molecular lipophilic compound of plant origin. This
molecule has been shown to display high cytotoxicity
against all human tumor cell lines of the Developmental
Therapeutics Program of the National Cancer Institute
(USA) [28].

A 28-day treatment of artenimol-R led to clinical re-
mission of about 6 months in all patients treated. Six of
the 10 late-stage patients survived after 2 years [29].

The authors have concluded that the apparent effect
of the symptom disappearance and a prolonged survival
warrant larger randomized controlled trials using a pro-
longed and possibly continuous period of drug adminis-
tration.

Breast cancer is by far the most frequent cancer
among women, accounting for approximately 25% of all
new female cancers reported worldwide [30]. Since the
effectiveness of the treatment of breast cancer patients
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receiving chemotherapy is only 50-70%, the search for
new medicines is actual [31].

The study of Th. Ericsson et al. [32] aimed at the
possibility to characterize the population pharmaco-
kinetics of artesunate and dihydroartemisinin during
a longterm daily artesunate administration in patients
with metastatic breast cancer and to evaluate potential
time dependency in pharmacokinetic parameters. Drug
concentration-time data from 23 patients, receiving ar-
tesunate (100, 150, or 200 mg per os), was analyzed.
The first group of patients (6 patients) took on 100 mg
artesunate. Two other groups received either 150 mg
(7 patients) or 200 mg (10 patients) artesunate once
daily.

Thus, a 24.9% increase in apparent elimination
clearance of dihydroartemisinin was observed after a
long-term (>3 weeks) daily treatment with oral artesu-
nate, suggesting a potential for autoinduction of metabo-
lism. The authors have also drawn a conclusion that the
observed correlation between salivary and plasma dihy-
droartemisinin concentrations suggests a possible use of
saliva sampling in pharmacokinetic investigations [32].

To exclude the ototoxic effect of artesunate and
confirm its safety for hearing, the audiological assess-
ment was performed with each patient before the in-
take of artesunate and after 4 weeks of therapy [33, 34].
During the test phase, four patients had adverse events
of the auditory system possibly related to the intake of
artesunate. However, none of these adverse events was
classified as severe, and they did not require treatment
interruption. Four patients had adverse events concern-
ing the vestibular system during the test phase, one of
which was classified as a severe adverse event. Howev-
er, that event was fully reversible after discontinuation
of artesunate.

Thus, none of the audiological results after 4 weeks
of therapy with artesunate showed any dose-limiting au-
ditory toxicity. However, the authors have concluded that
audiological monitoring in further clinical studies with
prolonged use of oral artesunate in doses up to 200 mg
daily is warranted [33].

Fr.-W. Michaelsen et al. [35] have reported about the
patient of 80 years old, suffering of a progressing tumour
of a prostate, which has been confirmed by radiological
and immunohistochemical methods. The patient has been
hospitalized because of an acute urine failure. The pros-
tate specific antigen (PSA) level was elevated to >800
pg/l. The patient obtained 50 mg (daily dose) bicalut-
amide for 14 days. The tumor was staged as pT3bN1M1
and graded with Gleason score 8. The analysis showed
extended bone metastasis.

Then the patient obtained capsules with Artemisia
annua concentrate (50 mg) twice per day, later the treat-
ment was continued with five capsules per day (Table 1).
He decrease of the tumor marker and the regression of
tumor as analyzed by magnetic resonance tomography
(MRT) was observed upon Artemisia annua treatment
followed by a several months. However, the tumor re-
gression was not reached by treatment with Artemisia
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annua alone. Seven months later, PSA and ostase levels
increased, indicating tumor recurrence and skeletal me-
tastases. Substituting Artemisia annua capsules by arte-
sunate injections (2 X 150 mg twice weekly intravenous-
ly) did not prohibit tumor recurrence. Nevertheless, the
authors of the study concluded that this therapy allowed
to reduce the level of tumor metastasis and to increase
control over the effectiveness of the treatment.

S. Krishna et al. demonstrated the results of a sin-
gle-centre, double-blind, placebo-controlled trial with
balanced randomisation of patients (1:1) conducted at
St. George’s University of London, UK and St. George’s
Healthcare NHS Trust.

The patients taking artesunate tablets in addition
to standard therapy had a survival advantage [36]. The
primary outcome measure was the proportion of tumour
cells undergoing apoptosis. Secondary immunohisto-
chemical outcomes assessed these tumour markers:
VEGF, EGFR, ¢c-MYC, CD31, Ki67 and p53, and clin-
ical responses. Artesunate does not decreased apopto-
sis in tumour cells in our study, but rather reduced the
expression of a Ki67, an important marker of progno-
sis in colorectal cancer. These data are consistent with
uncontrolled observations made in cervical cancer [29].
The authors of the research found a trend to higher re-
currence-free survival probability at 42 months of fol-
low-up after artesunate treatment.

The first study of the anticancer activity of artemis-
inin derivatives on a solid tumor was conducted by J.F.
Deeken et al. [37]. The authors indicate that among the
possible mechanisms of anticancer activity of artemis-
inin derivative, artesunate, DNA damage, angiogenesis
inhibition, TRAIL-mediated apoptosis and inhibition of
signaling pathways were considered. A study of Phase
I was performed to determine the maximum tolerated
dose and the dose-dependent toxicity of artesunate when
administered intravenously. The patients received dif-
ferent doses of the drug (8, 12, 18, 25, 34 and 45 mg/kg)
during the 21-day cycle. 18 patients of 19 who partici-
pated in the study, were analyzed for toxicity, and 15 for
effectiveness. The dose-dependent toxicity was deter-
mined with injected doses of 12 mg/kg (1 of 6 patients),
18 mg / kg (1 of 6), 25 mg/kg (2 of 2) and manifested
in neutropenic fever, hypersensitivity reactions, abnor-
mal liver function and nausea. The maximum allowable
dosage was 18 mg/kg. The pharmacokinetic parameters
of artesunate and its active metabolite dihydroartemisi-
nin correlated with the dose. At the same time, moderate
clinical activity was observed, i.c. the disecase was in
a stable, controlled state. The lack of more significant
effects after the drug administration was disappointing
in terms of the research team. The lack of more signifi-
cant effects after drug administration was disappointing
in terms of the research team, especially after the reli-
able results of the two previous decades of preclinical
research. The used dosages of artesunate did not allow
to achieve the concentration of the drug in the blood of
patients that are comparable with the effective doses in
in vivo studies. Therefore, the authors believe that fur-
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ther clinical studies of this compound using alternative
dosing schedules are justified.

CONCLUSION. Over the past two decades, a num-
ber of clinical cases have been described and clinical stud-
ies have been carried out on artemisinin derivatives used
in the treatment of patients with various types of cancer.

It has been established that the largest amount of the
published data characterizes the results of studying the
anticancer activity of a water-soluble artemisinin deriva-
tive — artesunate. The data obtained by various research
groups do not yet allow us to speak about its pronounced
anti-cancer activity. However, the facts of prolonging the

life of patients, improving its quality, increasing control
over the disease have been established.

From the point of view of some researchers, the
combination of artesunate with classical chemothera-
peutic agents is particularly promising, since artesunate
provides an independent mechanism that enhances anti-
cancer activity without increasing toxicity.

Combination therapy using known chemotherapeu-
tic agents in combination with some artemisinin deriva-
tives may contribute to the development of more effec-
tive, less toxic and inexpensive chemotherapy for some
oncological diseases.
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BUOJTOT'NMYECKAA AKTUBHOCTb KOMIMOHEHTOB
NYEZIUHOIO MATOYHOIO MOJIOYKA U NYEZTUHOIO AAA

C.I'. Mapoannwt*?, B.B. Ilomazanoé'?, B.A. Kucenesa', AI.b. Heckopoooe?

'OV BO MO «Iocydapcmeennplii 2yMaHUMAPHO-MEXHOLOSUYECKULL YHUBEPCUMEN,
142600 Mockosckas obx., 2. Opexogo-3yeso, yn. 3enenas, 22.
2340 «DKOnaby. 142530. Mocrosckas o61., dnekmpozopck, yi. Byoéunoeo, o. 1.
E-mail: NeskorodovYB@gmail.com

Kax camu npodyxmel nuenoeoocmea, max u ux KOMOUHAYUU, UWUPOKO NPEOCMABIeHbl Ha OMe4ecmeeHHOM gapma-
Yesmueckom poinKe, OOHAKO, COBPEMEHHBIX IKCHEPUMEHMATLHBIX UCCLE008AHUI OUOTOSULECKOU AKIMUSHOCHIU IMUX
CoeOuHeHUll Mano, d 80 MHOUX UMEIOWUXCA NYOTUKAYUAX AGTNOPLI ONUCHIBAIOT UPE3ELIYAUHO WUPOKULL U NPOmu-
gopeuusvlll cnekmp mepanesmuyeckux d¢@exmos. Llens uccnedoeanus — npogecmu anaiu3 IKCNEPUMEeHMAaAnbHLIX
pabom no ucciedosanuo OUOI02UYECKOU AKMUSHOCMU NPOOYKMos8 nueiosoocmea. Mamepuansl u memoowt. Vccie-
dosanue nPoBOOULOCH € UCNONBL30BAHUEM NOUCKOBO-UHpopmayuonnblx (eLibrary, PubMed, CyberLeninka, Research-
Gate) u oubnuomeunwvix 6a3 oannvix (Poccuiickas eocyoapcmeennasn 6ubnuomexa, LlenmpanbHas HAYUHA CelbCKO-
xosaiicmseennas oubnuomexa). B 0003HauenHbIxX 6a3aX OAHHBIX NPOBOOULCA NOUCK NYOTUKAYULI O MAKUM MEPMUHAM
KaK «OUON02UYeCcKds aKMUGHOCbY, «NUEIUHOe MAMOYHOe MOLOYKO» U M.0. [1yOuHa noucka He 02panuyu8andch.
Pesynomamut u oocyscoenue. Ananus onyoruko8anHvlx pabom noKazuléaen, Ymo IKCHePUMEHMAIbHO NOOMEePIC-
0EnHOIl ObUON02UHECKOU AKMUBHOCMbIO 001adalom maxue cyocmanyuu, Kax n4enunvlil 10 u nueiuHoe MamoyHoe Mo-
souko. Kax ¢ o0nom, max u Opyzom ciyuae 6viiu onucanvl 0elucmseyoujue 8ewecmed i NPposeoéH 0030p Ux u3eeCmHoll
ouonoeuueckou akmugHocmu. Aemopuel npeononazarom, 4mo npu ompadomre Memooa 1a6opamopHo20 CuHmesa Oe-
YEHOBbIX KUCTION, CIAHEN 803MONCHbIM UX MACUMAOHOe OOKIUHUYECKOe UCCTe008aHUe, KOMOPOe MOXCen Cmamy
OCHOBOIL 6 CO30AHUU KAKO20-TUDO JIeKAPCMEEHHO20 CPeOCmBa C U30UpamenbHblM 0eticmeuem.

Kniouesvie cnosa: buonocuveckas akmugHocmy, 10 NYEIUHbIL, NUEIUHOE MAMOUHOE MOLOYKO, 0elyerogble Kuc-
J0mul

BIOLOGICAL ACTIVITY OF THE COMPONENTS
OF ROYAL JELLY AND BEE VENOM

SS.G. Mardanly'?, V.V. Pomazanov'?, V.A. Kiseleva', Ya.B. Neskorodov’

! State University of Humanities and Technology,
22, Zelenaya Str., Orekhovo-Zuyevo, Moscow region, Russia, 142600
2 CJSC “Ecolab”. 1, Budenny Str, Elektrogorsk, Moscow region, Russia, 142530
E-mail: NeskorodovYB@gmail.com

Both bee products themselves and their combinations are widely represented in the domestic pharmaceutical
market, however, modern experimental studies of the biological activity of these compounds are few, and in many of
the existing publications the authors describe an extremely wide and controversial range of therapeutic effects. The
aim of the study is to analyze the experimental works on the study of biological activity of bee products. Materials and
methods. The study was conducted using search and information (eLibrary, PubMed, CyberLeninka, ResearchGate)
and library databases (Russian State Library, Central Scientific Agricultural Library). In the designated databases,
publications were searched by such terms as “biological activity”, “royal jelly”, etc. The depth of the search was
not limited. Results and discussion. The analysis of the published works shows that such substances as bee venom
and royal jelly have experimentally confirmed their biological activity. In both cases, the active substances have been
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described and a review of their detected biological activity has been carried out. Conclusion. The authors suggest that
when developing the method of laboratory synthesis of decene acids, it can be possible to carry out their large-scale
preclinical research, which may become the basis for the creation of a drug with a selective effect.

Keywords: biological activity, bee venom, royal jelly, decene acids

BBEJEHME. ITouck u aHaau3 OHMOJOTHYECKH aK-
THUBHBIX BELIECTB SIBJISIETCSI BAKHOM U CIIOKHOM 3aaa4eil.
CymecTByeT MHOJKECTBO TTOJIXO/IOB K €€ peann3aiun, Ko-
TOpbIe 0a3MPYIOTCSl HA UCIIOIB30BAHUU OTIACIBHBIX MO-
JEKYISPHBIX KOMIIOHEHTOB KJIETOK, CAMHX KJIETOK pa3-
JMYHOTO THTIA ¥ B3POCIBIX OPraHn3MoOB [1].

D¢ PEKTHBHOCT TAKOTO MOMCKA MPH MPOCTOM TIepe-
6ope ocraércst oueHb HU3KOH [2]. HakommieHHBIi OMBIT SM-
mprdeckoil MemunuHbl (Medicina gentilitia) MoxeT OBITh
XOPOIINM OPHEHTHPOM TPH MPOBEACHUH TOO0HOTO poia
HCCIIEZIOBAHNH, TIO3BOJISIS 3HAYUTEIBHO CY3HUTh CIIEKTP TIep-
BOHAYaIBbHOI BRIOOPKH MOJEKYI. B 3TOM KOHTEKcTe upes-
BBIYAHO MHTEPECHBIMU BBIIIIAT allMIIPETIapaThl, IIPOU3-
BOZIUTENH KOTOPHIX MH(POPMUPYIOT HACEIEHHE O TOM, UTO
WX TIperaparsl 00IaJaloT aHTUMHUKPOOHOH aKTHBHOCTEIO,
CTIOCOOHBI CHIDKATh KPOBSIHOE JABJICHUE, PACIIUPSTH KPO-
BEHOCHBIE COCY/IbI, TIOBBIIIATH yCTOWYMBOCTD OPraHNU3Ma K
WHQEKIWSM, TMOBBIIIAaTh IMMYHHTET U T.IL [3], omgHaKo, B
TIOJIABIISFOIIEM OOJBIIMHCTBE CITy9YaeB OCTAFOTCS HESCHBI-
MU HCTOYHUKH JAHHBIX 00 OMMChIBaeMBIX dpdekTax. boree
TOTO, TIPY YTCHUH COBPEMEHHBIX OTCUECTBEHHBIX ITyOIMKa-
WA 10 TAHHOM TemaThke, oOpamaer Ha ceOs BHUMAaHHE
MaKCHMaJIbHasl Pa3MbITOCTh OITMCAHHBIX OHOJOTHYECKHX
3 }EKTOB M OTCYTCTBHE B HUX HETaTHBHOTO CIIEKTpPa, YTO
MOKET yKa3bIBaThb Ha HEAOCTATOYHOCTH IKCIEPUMEHTANb-
HBIX UCCIIEN0BAHMUI B OTON 00JIaCTH.

CHmucoK MNpPOAYKTOB MUYENOBOJACTBA JOCTATOYHO
OOIMMpEeH W BKIIOYACT B ceOS TaKUe CIIOKHBIC CMECH
BEIIECTB, KaK BOCK, MarOYHOE MOJIOYKO, MEM, Mepra,
TIenrHast OOHOXKKA, MPOTIOJIHC, MUEIUHBIA ITOAMOp, MTue-
JIMHBIN ]I, TMYMHOYHBINA romoreHar U T.1. [Ipakruuecku
BCE MPOAYKTHI MMUETOBOACTBA TOJIBb3YIOTCSI BEICOKUM JI0-
BEPUEM y HACEJICHHS, KOTOPOE HA/IENISET X Pa3INIHBIMU
TepaneBTUIECKIMHU cBoiicTBamMu. C OTHOM CTOPOHEI, Ta-
KOE€ OTHOIICHHE 0a3upyercst Ha TPAJULIUH, a C APYTOH —
MIOAJCP>)KUBACTCS] PEKJIAMHBIMH KOMIAHUSIMH, B paMKax
KOTOPBIX TIPOXYKTBI MUYEJIOBOJCTBA ITO3UIMOHUPYIOTCS
HCKJIFOUUTENBHO C MTOJIOKUTEIBHON CTOPOHBI.

W3 Bcero crekTpa MpOAyKTOB MTYETOBOACTBA HANOO-
Jee M3yYCHHBIMH SBISIOTCS MMUEITHHBIA 7 ¥ MAaTOYHOE
MOJIOUKO (MaTOYHOE MOJIOUKO 3aperucTpupoBano B Poc-
cuH Kak (hapmarieBTH4YecKas CyOCTaHIHWs (amujiax JHO-
(bUMM3UPOBAHHEIN) U BBITyCKAeTCS B THOMUIN3HPOBAH-
HOM BHIE ¢ 1973 rona.

HEJBIO nacrosmero o630pa SBIAETCS aHAIN3
OITyOJIMKOBAaHHBIX 3KCHEPHMEHTAIBHBIX JAHHBIX, OIH-
CBHIBAIOIINX OMOJOTMYECKYI0 aKTHBHOCTh KOMIIOHEHTOB
ITYETMHOTO MaTOYHOTO MOJIOUKA U ITYETMHOTO S/a.

MATEPHAJIBI WU METO/BI. Hccnenosanue
MIPOBOJIMIIOCE C HCIIONB30BAHUEM ITOMCKOBO-HH(OPMA-
nnoHHBIX cucteM (eLibrary, PubMed, CyberLeninka,
ResearchGate) n 6ubamoreunsix 6a3 maHHbIX (Poccuii-
CKas ToCymapcTBeHHas OmbOnmoreka, lleHTpambHas Ha-
ydHasl CeNbCKOXO03sicTBeHHast 6ubnmmoTeka). B o6o3Ha-
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YEHHBIX 0a3ax AaHHBIX MTPOBOIMICS TTOMCK ITyONMKAIIIH
10 TAKMM TEPMHUHAM KaK «OHOIOTHYeCcKast aKTHBHOCTBY,
«ITYETMHOE MaTOYHOE MOJOUKO» M T.A. [IryOuHa momcka
HE OrpaHMYMBAIACh: aBTOPHI IUIAHUPOBAIH OXBATUThH
MaKCHMaJIbHOE KOJIMYIECTBO PabOT MO JaHHOI TeMaTHKe.
[Ipu mpoBeneHNy aHaNMM3a OMOIOTHYECKOW aKTUBHOCTH
KaKOH-1100 IpyIbI BEIIECTB YIUTHIBAJIOCH, UTO B OIIpe-
JENEHHBIX YCIOBHUSX TAKyl0 aKTHBHOCTH MOTYT JIEMOH-
CTpUpOBaTh Jaxke OiaropomHble rasel [4], 9To co3maér
HEOOXOANMOCTh YUUTHIBATH yCIOBHSI, IPH KOTOPBIX OCY-
IIECTBIISUIOCh N3YYEHUE BO3/EHCTBHUSI TOTO WM HHOTO
BemectBa. [Ipu orbope craTeil s HaCTOsIIETO 0030pa
aBTOPBI YUUTHIBAIH 3TOT (DAKT, M NCIIOIB30BAIN TOIHKO
T€ CTaThH, B KOTOPBIX OBIIM OMHCAHBI METOAMKU JKCIIE-
PUMEHTAIBHOI paboTHI.

PE3YIIBTATbBI U OBCYXIAEHME. buonoru-
YyecKass aKTHBHOCTh ITYEIMHOTO MAaTOYHOTO MOJIOYKA
(ITMM) ObuIa omMHMCcaHa TOCTAaTOYHO JABHO [5], HO 9KC-
MIEPUMEHTAIIBHO 3TH HAOIIOAECHUS OBIIM MOATBEPIKICHBI
3HAYUTENLHO To3aHee [6, 7]. MaTodHOe MOJIOYKO MMUENT
HMEET CIIOKHBIII MHOTOKOMIIOHEHTHBIN COCTaB, KOTOPBII
M3MeHseTcs pH XpaHeHuH [§, 9] u ero ppakium obnana-
0T Pa3IMYHON OMOJIOTHYECKON aKTHBHOCTBIO.

Anmubakmepuanbhas aKmMueHOCMb

AnTnGakTepuangbHas aKTUBHOCTh MAaTOYHOTO MO-
J0o4Ka OblIa SKCHEPHMEHTAIbHO MOATBEPXKICHA €IIé B
1939 romgy — OHO HHTHOMPOBAJIO POCT KaK TPaMIIOIOKHU-
TEJIBHBIX, TAK ¥ TPAMOTPHLIATENILHBIX OAKTEPHi, OJJHAKO,
B OTHOIICHWH TPAaMIIONOKUTEIHHBIX OaKTepuil BO3ICH-
CTBHE OKa3ajoch 3(ddexkruBHee B 1Ba pasza [10]. Yera-
HOBJIGHO TAaK)Ke, YTO aHTHOAaKTepualbHas aKTUBHOCTD
MaToO4YHOTO MOJIOYKA YMEHBIIAETCS! MPOIOPIHOHATIBHO
BpeMeHH ero xpaneHus [11].

BriepBeie peonoKeHHEe O TOM, YTO IMEHHO JKHP-
HBIE KHCJIOTBI MOTYT OTBEYATh 3a HAJIMYNE aHTHOAKTEpH-
QJIBHBIX CBOWCTB MOTOYHOTO MOJIOUKA, OBLIO BBICKa3aHO
B pabote 1945 roma [12], B KoTOpOW aBTOPHI OMHCATH
WHTHOHpYIOee ACWCTBHE ITHX COSNWHCHWH Ha POCT
CTPENITOKOKKOB M CTA()MJIIOKOKKOB B KOHLEHTPALUH
1/1000. TIpenmonoXuUTENpHO, NaJbHEHIIEe WCCIeno-
BaHWE AHTHOAKTEPHAIBbHBIX KOMIIOHEHTOB IIPOTYKTOB
MaTOYHOTO MOJIOYKA MO3BOJHT B OyayIieM pa3paboTarh
HOBBIE KOHCEPBAHTBHI IS MUILEBBIX TIPOAYKTOB.

Hpyroii rpymmoii nccnenosareneii B 1959 rony 0110
JIOKa3aHO, 9YTO aHTHOAKTEPHAIBHBIM d(PQeKToM 00ana-
et 10-runpokcu-A2-nenenoBas kuciora [13], xoTopas
SIBISIETCSI OCHOBHBIM KOMITOHEHTOM JKHPOBOW (ppakunu
MaTO4YHOTO MOJIOYKA. DKCIIEPUMEHT MOKa3as, 4YTO 3TO
BEIIECTBO B YETHIPE pa3a yCcTyHaeT NEHUIMUINHY T10 aK-
TUBHOCTH B OTHOILIEHUH Micrococcus pyogenes U B IATh
pa3 ciabee, YeM XJIOPTETPALUKINH ITPU BO3ACHCTBUH Ha
Escherichia coli [14]. ATopsl ycTaHoBWIH, 9TO 10-TH-
IpokcHu-A2-menieHoBass KUCIOTa 3aMeUIIeT poCT Tpuda
Neurospora sitophila, ipu 3TOM OTMEYCHO, YTO COJH
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9TOM KHCIIOTHI 00JIa/IAl0T MOHMKEHHON aKTHBHOCTBIO B
CPaBHEHHUH C CAMHM BEI[ECTBOM.

B 1957 romy wuccrnenoBarenun A. Butenandt wu
H. Rembold ommcamm xwupnyro kucnory (Tabmuua 1,
Nel) n moarBepannm e€ anTHOaKTEepHaNbHBIE CBOICTBA
[15]. B 1959 rony omucana CTpyKTypa 3TOrO COeIUHe-

Hust [16]. ABTOpBI OTMETWIM, YTO aHTHOAKTEpHalb-
HBIC CBOWCTBA IPOSIBISIIOT M APYTHE JXHPHBIE KHUCIIO-
Tol [17]: xanponosas (C.H COOH) [18], xampunosas
(C,H ,COOH) [19], xanpunosas (C,H, COOH) [20],
pru4éM KalpoHOBasi KMCJIOTa OKa3bIBaeT Hanbolee BbI-
paskeHHOE Bo3zeicTBUe Ha Salmonella enterica.

Taﬁﬂuua 1 — Buonozuuecku akmuenbvle KUC/I0MbL RUETUHO20 MANOUHO20 MOOUKA

=)

HaszBanue coenqnHeHus

CcblIKka

10-runpokcu-A2-neneHoas kuciora [21]

[14, 15, 25]

10-rusipokcu-aeneHoBas kuciora [22]

(8]

9-0kco-2E-nerieHoBoi KUCIOTHI [23]

[20]

9-kapOokcu-2E- HOHMIICHOBAsI KHCIIOTa

(8]

3,10-muruapokcuaexanoBas kuciora [51]

[8, 24]

3,12-puruapokcuexaHonas Kuciora [25]

(8]

3-ruIpOKCHICKaHOBAs KUCIOTA [26]

(8]

OO\]O‘\UIAU)N—‘Z

CebarnrHOBast KucinoTa [27]

(8]

BbisiBiIeHa NPOTMBOMMKPOOHAS aKTHMBHOCTH 9-OK-
co-2E-nenenoBoit kucnorsl (Tabmuua 1). B kauectse
9KCIIEPUMEHTAIBHOM MOJEIH aBTOPBI PabOTHI BHIOpAIH
MacCTUT KOPOB, UCXOJsl U3 JaHHBIX O ToM, uTo 80% Ma-
CTUTOB HMEIOT MHUKpOOHYI0 sTHONOrHI0 [28]. Pesynb-
Tarel pabOTHI TMOKa3aJld, YTO B ITAPEHXUMHOM MOJIOKE
MIPOUCXOAUT JUHAMHUYECKOE CHUIKEHUE KOHIIEHTPALUU
Streptococcus agalactiae IO CPaBHEHHIO C MCXOIHBIMH
JaHHBIMU. B mponecce sxcnepumMenTa npoBOIUIN CPaB-
Henue neiictBus 0,3%-Hol Ma3u 9-okco-2E-neneHoBoit
KHUCJIOTBI C TaKMMH IIpenaparaM KakK SpUTPOMHLUH
[29] u Macraspo30ip (CycreH3usi aHTHOMOTUKOB: OCH-
3WINEHUIWIINHA HaTpuesas conb [30], ctpenTomunu-
Ha cynbdar [31], Hopcynbdazon [32]). U3 pesynbraros
HCCIIEIOBaHU CIEIyeT, YTO 4Yepe3 IMATh JHEH JIeueHUus
¢ npumenenueM 0,3%-noil ma3u 9-okco-2E-nmeneno-
BOM KHUCIOTHI HaOJIIOAIOCh CHW)KCHHWE KOJIMYecTBa
Streptococcus agalactiae xak Ha MSICO-TIEITOHHOM arape,
TaK ¥ B Ma3Kax U3 MapeHXMMHOIO MOJIOKA, a yXkKe uepe3
JIeCSTh THEH NaHHBIM MUKPOOPraHM3M IepecTall Bblje-
JIAThCSL. DPUTPOMHLUH U MacTaspo3oib He MoKa3alu
TaKoro pesynsrara 1 yepes 30 qHell mpUMeHEeHNUsI.

Ilpomueoonyxoneséaa akmugnocmso

B 1959 rony Obutn ormyOnMKOBaHbl PE3ysIbTaThl UC-
clleloBaHMsl OMOJIOTMYECKOW aKTHMBHOCTH MAaTOYHOI'O
MOJIOUKA B YCJIOBHAX KCHEPUMEHTAIBHOHN JIEHKEMUU U
acuuTH4Yeckux omyxosneit [33, 34]. B pabore Oblm nc-
MOJIb30BaHbl TAaKWE KJIETO4YHbIC JuHUHU, kak 6C3HED
(ymHMS KieTok JauMdocapkomsbl), TA3 (JIMHUS KIIETOK
OITyXOJI MOJIOYHOMW JKeJIe3bl), JTMHUS KIETOK KapLUHO-
Mbl Opnuxa. [lomymsuuu U301MpPOBaHHBIX KIETOK CMe-
LIMBAJIK C MaTOYHBIM MOJIOYKOM U BBOAMIM IOJKOXKHO
Mblmam nopoast AKR. B akcnepumenTte ucnonb3oBaau
pas3yinuHble (PPAKIMA MaTOYHOTO MOJIOYKA, @ B KAYECTBE
KOHTPOJIsSL OBIIM HCIHOJNB30BaHBl PAcTBOPHI JIMMOHHOM
KHCJIOTBI ¥ CTaHAapTHbI (ocdarHbiii Oydep. B xaue-
cTBe KpuTepusi 3 (HEKTHBHOCTH B JAHHOM YKCIIEPUMEHTE
YUHUTHIBAIACh BBDKMBAEMOCTb KUBOTHBIX: KOHTPOJIbHBIC
MBIIIN THOJIM OT omyxoJjel uepes 14 nHeil. Mplmei skc-
NIepUMEHTaJIbHOM cepun Habmonanm emé 90 nHel mocie
ruOeIr KOHTPOJIBHBIX KMBOTHBIX, 3aT€M YMEPTBIISUIN U

MIPOBOJMIIN HEKPOICHIO. Pe3ynbraTsl SKCIepUMEHTa 10-
CTOBEPHO OKA3aJIM HAJIMYME MHIHOUPYIOIero s Qekra,
KOTOPBIN OKa3bIBAJI0 MAaTOYHOE MOJIOYKO HA MOMYJISLHIO
OITyXOJICBBIX KJIETOK B KoHIeHTpanuu 30 m 40 mr/mi.
AHaJIOTHYHBIM 110 Y3PPEKTHBHOCTH HHTUOUPYIOMIHAM 3()-
(exroMm obnanana ppakuus 3pUpopacTBOPUMBIX KHCIIOT.
ABTOpBI HCCIIEIOBAHNST OTMETHIIN, YTO HHTHOUPYIOMINM
JICWCTBHEM Ha IIOIYJISIIMKM OITYyXOJEBBIX KJIETOK o0ua-
nana 10-runpokcu-2-neneHoBas kuciora (Tabmmma 1)
npu HU3KUX 3HadeHusix pH (5,6-4,2). MntepecHo, 4ro
npu HedtpansHoM pH 10,2 TJK, naxke npu aByKpaTHOM
MOBBIIIEHUHN KOHLEHTPAIMH, COBEPILIEHHO HE MPOsBIIsLIa
MHrUOUpyIomuit 3G PeKT.

B KOHTpONBHBIE IPYNIBl KJIETOUHBIX CYCIIEH3UH HE
no6asistn 10,2 I'/IK, Ho monmxanu pH 1o HU3KUX ypoB-
Hei. Takast mpoueaypa He BIUsUIa HA KJICTOYHbIE KyIlb-
TYpBI, 1 UX MHBEKLUS MMPUBOAMIA K THOCIN >KUBOTHBIX
yepe3 14 anei. 1o vccnenoBaHUE MO3BOJIMIO CEIaTh
3aKJIFOYEHUE O TOM, YTO TOJIBKO HEAUCCOLUMPOBAHHAS
10-ruapoxcu-2-neneHoBasl KUCIOTa MPOSBISIET OINU-
CaHHYIO aKTUBHOCTB. YCTOIUMBOE MHTHOMpYIOIIee JeH-
crBue 10-runpoxcu-2-nenenoBoit kuciots! (10,2 /1K)
HaOJII0IAJIOCh TIPH KOHLEHTpauK 1 Mr/mir. MexaHusm
nerctBust 10-ruapoKCH-2-1€1I€HOBOM KHUCIOThI Ha TO-
MyJSIIUAI0 OIYXOJEBBIX KJIETOK B HACTOSIIEE BpeMs HE
M3BECTEH. bBBIIO MOKa3aHO, YTO MEPUOA BO3ACHCTBUS
10-ruapoxcu-2-1e1eHOBON KUCIOTHI 3aHUMAET OT 3 110 6
MUHYT. [IpoMbIBaHME MHTHOMPOBAHHBIX KIIETOK Oydep-
HBIM PacTBOPOM C HEWTpanbHBIM pH He BoccTaHaBIHBa-
eT mponudepaTHBHYI0 aKTHBHOCTh KJIETOK. DTO I0O3BO-
JIJIO MICCIIE/IOBATENSIM CJIeNIaTh BBIBOJL O TOM, 4TO JINOO
KHCJIOTA TIPOHHUKACT BHYTPb KJIETKH, TUO0 Ype3BbIUAHO
IIPOYHO CBSI3BIBAETCSI C €€ MOBEPXHOCTHIO, OTHAKO, METO-
JIOB JUIst OoJiee IeTabHOTO MCCIIeIOBAHHS B TOT MOMEHT
He ObLI0 [34].

Heckonbko mos:xe, B IPOJOIKEHHE TPOTUBOOITYXO-
JIEBOM aKTUBHOCTH KOMIIOHEHTOB IMYETMHOIO MAaTOYHOTO
MOJIOUKA aBTOPSI [35] MpeanpUHSIIN ONBITKY BBISICHUTh
B3aMMOCBSI3b MEXAY CTPYKTYpOHl MKHUPHBIX KHUCIOT U UX
IIPOTUBOOITYXO0JIEBOI aKTUBHOCTHIO. C 3TOH EIIbIO ObIIH
0TOOpaHbI PUPHI Psia MOHO- M JUKApOOHOBBIX KHCIIOT,
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a TaKKe COCAMHEHHUs, CTPYKTYpHO moxokue Ha 10-ru-
JPOKCHU-2-ICLIEHOBYIO KUCIIOTY. B sKkcriepuMenTe Oblu
HCIIOJB30BaHbl KJICTKU JICHKEMHUH MbIIeH. Pe3yasrarsl
paboThI TOKA3aJIM, YTO HAUOOJBIICH aKTUBHOCTBIO B OT-
HOIICHUH KJICTOK JICHKEMHUH MBbIIel o0nanaoT 3upsl
JMKapOOHOBBIX KHCIIOT, cojiepkarux ot 9 o 11 aromoB
yreposa, a 3pupbl MOHOKapOOHOBBIX KUCIIOT ITPOSIBIISIIH
MaKCHUMaJIbHYI0 aKTUBHOCTB MPH HAJIMYHHU B UX CTPYKTY-
pe ymepoanoii nenu ot § 1o 10 atoMoB yrepona.

IIpu wuccnenoBaHMu PpoOACTBEHHBIX  10-THApPOK-
CHU-2-JICIICHOBON KHUCJIOTE COCTUHCHUI OBLIO MOKa3aHo,
YTO BBEJICHHE B CTPYKTYPY MOJICKYJIBI KETO- MJIH aMHJI-
HOW Tpymmbl JM00 3HAUYUTEIBHO YMEHBINAET, JIMOO I10JI-
HOCTBIO YCTpPaHSET HPOTHBOOIYXOJEBYIO aKTHBHOCTB.
ABTOpBI 0C000 OTMEUAOT TOT (PAKT, YTO ATUIIOBBIH APUp
9-OKCHJICIICHOBOW KHCIIOTHI HE TPOSIBISICT aKTHBHOCTH.
3710 MOXET OBITh Ba)KHBIM HAONIONEHHEM B CBETE TOTO,
yro 9-okcuzaenenoBas kucnora (Tabmuma 1) sBusercs
OCHOBHBIM KOMITOHCHTOM, CEKPETHPYCMBIM MMUYCITHHOM
Markoil. Pe3ynbrarsl paboThl MO3BOJIMIIN CIENATh BHIBOJ
0 TOM, YTO TaKHE MaJIOTOKCHYHBIEC COCJMHEHHMSI, KaK Kap-
OOHOBBIE KHCIIOTHI CIIOCOOHBI MOAABISATH POCT CYCIICH-
3UM KJIETOK JISWKEMUU MbIlIel B koHIeHTparusax 0,1 mr
Ha mi [35].

[To3xe, B ycinoBusxX in vitro, Obljla TIOKa3aHa IMpo-
THUBOOITYXOJICBasi aKTUBHOCTh JICCSITH JKUPHBIX HCHACHI-
IIEHHBIX KHCJIOT, KOTOPbIE OBUTH CIIOCOOHBI TIOJTHOCTHIO
WHrUOMpPOBaTh POCT KJIETOK OIMyXoiu Jpauxa npu pH
4.0. ABTOpHI BBLACIWIN CIEAYIOIINUE COEAUHEHUS: CO-
pOuHOBasi, 2-HOHCHOBas, 2-ICIICHOBAs, 9-ICIICHOBAS,
10-yHneneHoBasi, TMHOJNEBAs U JIUHOJIEHOBAs KHUCIOTHI.
AHAJIOTUYHBIC pPe3yJbTaThl OBUIM IMOJYYCHBI MPU HC-
M0JIb30BaHUM KIIETOK JuMpocapkoMbl ['apanepa u TA3
[36]. Pe3ynbraThl SKCIIEpUMEHTa TTOKa3aIl 3aBUCUMOCTD
3G GEKTUBHOCTH BO3ICHCTBHS KHUCJIOTHI Ha KJICTKHA OT
KOHIICHTpaIuu BemtectB 1 pH cpeapl.

Topmononodoonwiit Ihpekm nuenunozo mamou-
HO20 MONOYUKA

[TyennHOE MaTOYHOE MOJIOYKO CHOCOOHO OKa3bl-
BaTh TOPMOHONOMOOHOE BO3ICHCTBHC HA OPraHU3M
MJICKOTIUTAIOIINX. B HacTosiiee Bpemst 3TOT 3PQeKT 10
KOHIIa el He SICEH M aKTMBHO M3Yy4YaeTcsl pa3IndHbIMU
Hay4HbIMU TpynmaMu. Dddekr Bo3aeicTBUS MaTOu-
HOTO MOJIOYKA WJIM €ro KOMITOHEHTOB 3aBHCHUT OT I10JIa
KHUBOTHOTO. Jl0oOaBlieHHE MaTOYHOTO MOJIOYKa (B J103€
200, 400 unu 800 Mr Ha OAMH KWJIOTpAaMM MaccChl Tela
JKUBOTHOT'0) B PALIMOH KPOJIMKOB, BHI3BAJIO MMOBBIIICHUC
YPOBHSI TECTOCTEPOHA Y CaMIIOB, YBEJIMUWIIO pa3Mep ce-
MEHHHUKOB ¥ TOABM)XHOCTB criepMaTto3ouioB [37]. B To
JKE BpEMsi, IPH BBEJICHUM MAaTOYHOTO MOJIOYKA B PAI[OH
KpBIC-CAMOK C YIaJIEHHBIME STHUHUKAMHK ObLiIa TIOKa3aHa
€ro CTPOTeHHast aKTUBHOCTS [38].

3aBUCHMOCTbH OT KOHIIEHTpAIIMH MaTOYHOTO MOJIOY-
Ka B pallMOHE KUBOTHBIX M YPOBHSI CBOOOJHOTO TECTO-
CTepoHa OblIa MOKa3aHa HKCIEPHUMEHTAIBHO B YCIIOBHSIX
JuuTensHoro kopmiieHus (12 Henenb). Pesynbrars pabo-
ThI MTOKA3aJIU, YTO BBeNCHNE B panuon [IMM uHruoupy-
€T BO3pacTHbIC N3MEHEHHST (PYHKINH CeMEHHHUKOB [39].

[Tozxke pesynbraThl AJIUTENBHOTO BO3JIEHCTBUSI Ma-
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TOYHOTO MOJIOYKA Ha OPTaHM3M MJICKOITUTAIOMINX OBbLIH
nzydensl noapobHee [40]. HeoOxomumocTs Takoro wuc-
CJICZIOBaHMS aBTOPBI paOOThl OOBSCHUIN TEM, YTO WH-
(dopMau 0 BO3MOXKHOM HETaTHBHOM BIIMSIHUM 3TOTO
MPOJYKTa Ha PEHPOAYKTHBHYIO CHUCTEMY MJICKOITUTAIO-
IIMX YPE3BBIYANHO Majio, B TO BpeMs KaK JK30TCHHBIC
9CTPOTEHBI CIIOCOOHBI BBI3BIBATH TAKHE OCIIOKHEHUS, KaK
KPHUIITOPXHU3M M CTPYKTYypHBIC aHOMAJIUM B CEMEHHHKAX
[38].

Bbbu1o oOHapykeHO, 4TO B IpymIe KpbIC, MOTydYaB-
KX OOJNBIIOE KOJMYECTBO MAaTOYHOTO MOJIOYKA, MPOH-
301110 U3MEHEHHUE B3BEIIUBAIOIINX KOA(D(UIIMEHTOB /115t
TKaHEeH M OpPraHoB, a MMEHHO: 3HAYUTEIILHO CHU3MJICS
KOO(QUIMEHT Ul TaKUX OPraHoB Kak TMIO(pH3 U ce-
MeHHUKH. Taroke ObUI0 OTMEUEHO, YTO Y 3TUX KMBOTHBIX
CHIDKAJIach KOHLIEHTPAIHs CIIEpPMaTO301/10B B CEMEHHOM
YKUJKOCTH. YPOBEHbB JIOTPONHHA U (POJUTUTPOITHHA B ChI-
BOPOTKE KPOBH IKCIIEPUMEHTAIILHO TPYIIITBI 3HAYUTEIb-
HO YMEHBILIWICS] B CPAaBHEHUH C KOHTPOJIBHOH TPyIIIION,
OJTHAKO KOHLIEHTPAIMS 3CTPAJH0Ia BEIpOCia U 3aBHcea
OT /1036l BBOJJUMOTO IMMYETHHOTO MaTOUHOTO MOJIOUKA.

[TpumeHsist METO/ OIIGHKU KOJIMYECTBa CIEPMaro30-
WJI0B, SIBIISIIONIMICS OJJHAM M3 CaMbIX 4yBCTBUTEIBHBIX
IIPY M3y4YEeHUH (aKTOPOB, BIUSIOIINX Ha CIIEPMaTOreHe3,
OBUTH TIPOBE/ICHBI UCCIIEA0BAHUS 110 BBISBICHHUIO Xapak-
Tepa BO3ACHUCTBUS MAaTOYHOTO MOJIOUKA HAa OPTaHU3M
Meleit [41]. Ha konnuecTBeHHBIE MOKa3aTeI 3TOTO Me-
TO/Ia CYIIECTBEHHBIM 00Pa30M BIHSIOT CHHTETHYECKHUE
aHaboJIMuecKue cTepoubl. B pamkax mpenioKeHHOH
9KCIIEPUMEHTAIILHOM MOJIENN, MBIIIN OBUIN pa3/elIeHbI
Ha TPYNIIBL: MepBast TPYIa — 3TO KOHTPOJIBHBIE MBIIIH,
KOTOpBIM B TedueHue 30 nHell BHyTph uepes xKelynouHbIi
30H]1 BBOAMIH 0,1 MJT (PU3MOJIOTHYECKOTO pacTBOpPa; BTO-
past rpyrmna — >KHBOTHBIE, MOTyYarol[ie TOIBKO OKCUMe-
TaJIOH B J103¢ 5 MI/KT B TedueHue 30 qHEH; TpeThs rpyr-
Ta ToJydana TOJAbKO MaTOUYHOE MOJIOYKO MEpOpajibHO B
noze 100 mr/kr B Teuenue 30 aueit. YerBépras rpymmna
— MBIIIN, KOTOPEIM B TeueHue 30 qHel BBOJMIN OKCHUMeE-
TAJIOH U MaTroO4HOE MOJIOYKO B 703¢ 5 MI/Kr u 100 mr/kr
COOTBETCTBEHHO.

OxcumeranoH [42] sBiseTCS CHHTETUYECKUM IIPO-
W3BOJIHBIM TECTOCTEPOHA U CIOCOOEH JI0CTOBEPHO CHH-
’)KaTh MHTEHCUBHOCTH criepMmaroreHesa y kpoic [43]. B
JTAHHOM SKCIIEPUMEHTE OBLIO TIOKa3aHO, YTO KOJIMYECTBO
CIIEpPMaTO30M/I0B 3HAUYUTEIBHO YMEHBIIWIOCH B TPYIIIE,
KOTOpasi Mojlydajla OKCMMETaJOH M HEMHOIO yBeJIU4u-
JIOCh B TpyMIe, KOTOpas Mojy4yala MaTOYHOE MOJIOUKO U
OKCHUMETAJIOH. Pa3nmiuuii B )KM3HECIOCOOHOCTH CIiepMa-
TO30MJIOB MEXKIY JBYMsI 9THMH TPYIIaMH BBISIBICHO HE
ObLII0.

Takoll BaHBI TIOKa3arellb, KakK ITOJBMKHOCTb
CIIEpPMaTO30M/I10B, OB BBIIIIE B TPYIIIIE MbIIICH, KOTOpast
MojIy4yajla OKCMMETaJOH M MaTOYHOE MOJIOYKO, OJHAKO
rpymmna, KoTopasl moiydaja TOJIbKO MAaTOYHOE MOJIOYKO
MPAKTUYECKH HE OTIWYaIach IO 3TOMY MapaMeTpy OT
KOHTPOJIBHOM.

[Toxa3zarens MeIIEHHOTO MPOrPECCHUBHOIO IBHKE-
HUSI BIIEPE]] HE OTIINYAJICS MEX/y KOHTPOJIBHON IPYIITOH
U TPYyNIoH, Monydaroied MaTO4HOE MOJIOYKO, OJIHAKO,
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rpyImia, noiyvaromas OKCHMETaloH, IoKasana Oolee
BBICOKHE 3HAUCHMS B CPAaBHEHHUHU C KOHTPOJBHOMN IpyI-
noil. IHTepecHo, 4TO Tpymma, MojyyaBlias U OKUMETa-
JIOH ¥ MaroYHOE MOJIOYKO, ObIIa XYK€ BCEX OCTaJbHBIX
110 JTaHHOMY ITOKa3aTelio.

[Tokazarenb OCTaTOYHOTO IBHIKCHUSI OBbII TPaKTH-
YECKU OAIMHAKOB y BCEX I'PYII, HO TPYyIIa, MOTydaBIIas
OKCHMETAJIOH M MAaTOYHOE MOJIOYKO, HE3HAYUTEIIBHO
MIPEBOCXOAMTIA 110 JAHHOMY MapaMeTpy BCe OCTAJIbHbBIC
TpYMIIBL, BKIIOYasi KOHTPOIBHYIO.

[Tokazarenb HEMOABMKHOCTU CIIEPMATO30UI0B OBLI
MPAKTUYECKH OJMHAKOB B IpyIMNax, MOJyYaBIIUX TOJb-
KO OKCHUMETAJIOH U Y *KMBOTHBIX, MOJy4aBIINX OKCHMe-
TAJIOH C MaTOYHBIM MoJioukoM. [Tokazaresns o0enx 3Tux
IpyI ObUI BBIIIE, YEM B KOHTPOJIBHOMW TPYIINE U B IPyTI-
Te, MoJTy4yaBIlell UCKIFOUUTEIbHO MAaTOYHOE MOJIOUKO.

YpoBeHb TECTOCTEPOHA CHU3WICA B TpyIe, MOy-
yaBIIell OKCHMETAJIOH IO CPAaBHEHHUIO C KOHTPOJIBHOI
TpYMIIO, OJTHAKO B IpyMIle, MOTy4aBIIe MaTOYHOE MO-
JIOYKO, YPOBEHb TECTOCTEPOHA ITPEBOCXOANI MOKA3aTeNIN
KOHTPOJIbHOM TPYIIIEL.

OxcumeTaoH o0naaaeT CrnocoOHOCTHIO 3HAYNTEIb-
HO YBEJIMYMBATh y )KUBOTHBIX JOJII0 OCTAaHOBUBIIHUXCS B
pa3BuTUM SMOpHOHOB. B npyrom mccnenoBanuu ObLIO
MOKAa3aHO AaHTarOHUCTHYECKOE [eiCTBUE MaTOYHOTO
MOJIOUKa K JJaHHOMY Ipemnapary [44]. ABTopsl mokasa-
JIU, YTO BHYTPUMBIIIEYHOE UM MEPOpaIbHOE BBEJCHUE
MaTOYHOTO MOJIOYKAa aKTUBUPOBAJIO PEAKIMM ICTpyca U
YBEJIMYHJIIO YAaCTOTY HACTYIJICHUSI OEPEMEHHOCTH.

AHanu3upys pe3ynbTaThl SKCIIEPUMEHTOB C OKCHMeE-
TaJOHOM MOXHO MPEIONIOKUTH, YTO MATOUHOE MOJIOUKO
JIOJDKHO 00J1a/iaTh BBIPQKEHHBIM ACTPOr€HONOI0OHBIM
9 EeKTOM, OTHAKO JIOTIOTHUTEIBHBIC HKCIIEPUMEHTHI HE
MOATBEPXKIAIOT ATy Tunote3y. B 2004 roqy rpynna uc-
ciefoBarenel u3ydajga JaHHBIA BOIPOC, UCHONB3YS B
Ka4ecTBe BellecTBa cpaBHeHUs Ouchenon A [45]. Dto
COEJMHEHHUE aKTUBHO UCIONb3yeTCd B XMMUYECKOH Mmpo-
MBIIIUIEHHOCTH U JIa’Ke MPU HU3KUX KOHI[EHTPALUAX CIO-
COOHO TPOSIBIIATH BBIPAKEHHYIO ACTPOTEHONOJ00HYIO
AKTHBHOCTb, MPOBOLMPYS Pa3BUTHE 3a00JCBaHUN SHY-
HUKOB W JIpyrue oTkjIoHeHus [46]. bucdenon A crnoco-
OcH BbI3BIBATH Mponudeparuio kietok MCF-7 (kinetku
paka MOJIOUHOM KeJe3bl) U BIAUSET Ha 3TU KIETKH J1030-
3aBUCHMO: T.€. IPH yBEINYEHHH KOHIEHTpauu bucde-
HOJIa A TIPOUCXOJIUT yBEIHYCHUE TPOITH(EpAIINU KIETOK
[47]. ABTOpBI HcCienOBaHUS MPEANOIOKUIN, YTO d(-
(beKT BO3/ICHCTBUS MAaTOYHOTO MOJIOYKA Ha KJIETKH JIU-
nun MCF-7 Oyner cxozieH ¢ TeM, Kakoi okasbiBaeT buc-
¢denon A. OHaKo, pe3ysbTaThl SKCIIEPUMEHTA TIOKa3allH,
YTO MaTOYHOE MOJIOYKO HE3HAUUTEIbHO WHTHOUpYeT
nponudepanuto kierok MCF-7. Habmromaemsrit 3¢ dext
aBTOPBI OOBSICHWIN BapHaTHBHOCTBIO COCTaBa MaToy-
HOTO MOJIOUKA, SIBJISIOUIETOCS MPHPOIHBIM CBHIPHEM.
OTMe4eHO, YTO IPU COBMECTHOM BHECEHHH MaTOYHOTO
MoJjiouka 1 bucenona A B nuTarenbHyIo cpey KIeTOK
MCF-7 npoucxoauT BbIpa)KEHHOE MHTHOWPOBAaHUE TIPO-
nmudeparyn. DPPEKT HHrHONPOBAHUS HAOIIONANICS TAXKE
B TOM CIIy4ae, €CIM MaTOYHOE MOJIOUKO MPEABAPUTEIHHO
MOJIBEPrajioch HArpeBy C LEIbI0 pa3pylICHUs TepMo3a-

BHUCHUMBIX KOMITOHCHTOB CMECH. DTO TI03BOJIUIIO CIICIATh
BBIBOJ O TEPMOCTA0MJIBHOCTH HHIHOUPYOIIETO KOM-
MMOHEHTA, a MPUYUHON MHTUOMPOBaHUS Mpoudepauu
KJICTOK SIBJIICTCSI HAJIMYKME B MAaTOYHOM MoJiouke 10-ru-
JPOKCH-2-JICIICHOBOM KHUCIIOTHI, OJIHAKO 3Ta Uies ObLia
OINPOBEPTHYTA IKCIICPUMCHTAIIBHO.

IToxazano, uro 10-ruapoKCU-2-EIIEHOBast KUCIIO-
Ta CrocoOHAa MHIHOUPOBATH AKTHBHOCTh MATPHUKCHBIX
METaJUIONpPOTeNHAa3: KojulareHasbl 1 u ctpomenusuna 1
[48]. BpickazaHO MHCHHE, YTO HAOJIOIACMOC WHTHUOM-
POBaHUEC MOXKET OBITh CBSI3aHHO CO CTPYKTYPHOM CXOXe-
CTBIO HEKOTOPBIX y4acTKOB 10-ruapokcu-2-aeneHoBon
KHUCIIOTBI ¢ MOJIEKyJaMH dCTporeHoB. [locne mpumene-
HUS 9-0OKCHJICIICHOBOW KUCIIOTHI BO BCEX OMBITHBIX TPYII-
Max KUBOTHBIX OTMEYAJIOCh YBCIMYCHUC KOHIICHTPAIUU
cnepmaro3zouioB B 1 mi (P>0,05) [49, 50].

WuTepecHble MaHHBIC OBLTH TONXYYEHBI MPH UCCIIC-
JIOBaHUM BIIUSHUSI TTUCIIMHOTO MATOYHOTO MOJIOYKA Ha
KPBIC C MHIYITUPOBAHHBIM CaxapHbIM AuadeToM. M3BecT-
HO, YTO Macca CEMCHHUKOB, KOJIMYECTBO CIICPMBI U IO~
BIDKHOCTB CIICPMATO30HUIOB 3HAUUTCIHFHO CHUXKACTCS Y
MAIMCHTOB ¢ caxapHbIM auaderom [51, 52]. Takxke mpo-
HCXOJUT CHIDKCHHE YPOBHSI TECTOCTEPOHA M OTMEYaeT-
Cs1 BaKyOJIM3AIUsI B CIICPMATOTOHUSIX M CIICPMATOIUTAX.
[IpoucxonuT yBETUYCHUE TONIIMHBI CTCHKH CEMEHHBIX
KaHAJIBLICB, UCTOIICHUE 3aPOJIBIIICBBIX KiIeToK. [Ipu ca-
XapHOM JuabeTe OMOICHS MOKA3bIBACT HAJIMUYUC BAaKyO-
nu3anuu kiaetok Cepronu siMuek Kak y venoBeka [53],
TaK ¥y OOJIbHBIX CaxapHbIM JnabeToM KpsbIc [54].

B omnwmceiBaeMoii paboTe ucciIeqOBaTCIN HHIYIU-
pOBaM CaxXapHbI JUA0ET Y KPbIC C MOMOIIBIO CTPEII-
To301MHA [55], KOTOPBIH BBOAWIN BHYTPUOPIOUIMHHO B
koH1eHTparmu 60 Mr/kr Beca xuBoTHoro [56]. Coriac-
HO JKCIIEPUMEHTAIBHOMY IUIaHY, KPBICHI MY>KCKOTO I10Jia
ObUTH CITy4ailHBIM 00pa3oM pasJiesieHbl Ha 3 TPYIIIbL:
repBas TpyIina Oblia KOHTPOJIEM, BTOpasi TpyIIna — Kpbl-
CBI C MHAYIIUPOBAHHBIM CTPEITO30IMHOM CaxapHBIM JIU-
abeToM, a B TPETHIO BOIIUTH KPBICHI, KOTOPHIC B JIOTOJI-
HCHHE K CTPEITO30IMHY S)KCITHCBHO TOTYYaIH C MUIICH
MMYCITUHOE MAaTOYHOE MOJIOUKO B KoHIeHTparmu 400 mr/
KT Beca )KHBOTHOTO. YCTaHOBIICHO, YTO IPH OTMCUCHHOM
CHIDKCHHMHU BECa KUBOTHBIX BO BTOPOH WM TPEThCH TPyII-
max, B TPETbEH TPYIIIE, IJIC )KUBOTHBIC MOIYYald Mue-
JINHOE MaTOYHOE MOJIOYKO, CHI)KEHHE Beca ObLIIO JOCTO-
BEPHO HHKE.

[lpu aHamu3e TUCTOJOTHYCCKUX CPE30B BBISBICHO,
YTO Yy KPBIC C MHIYIIUPOBAHHBIM JHMAa0CTOM OTMEYallach
Jerpajgaius CEMCHHBIX KaHAJbIEB. Y JKHBOTHBIX BTO-
POVi ¥ TPEThEH TPYyMITbl OTMEYAIOCh YMCHBIIICHUE YNCIIA
Morcena [57], oqHaKo, Y KPbIC, OMyYafONMAX TUCIHHOE
MAaTOYHOE MOJIOUKO, UncIo MoHceHa Gbio Bhimre. Ypo-
BEHb TECTOCTEPOHA B IKCIIEPUMEHTAILHBIX TPYIIIaX ObLI
HW)KE, YeM B KOHTPOJIbHOW Tpynme. Eciu B KOHTPOIIb-
HOW TPYIC KOHIEHTpAIMsS TCCTOCTEPOHA COCTaBHJIA
2,39 + 0,4 HI/MJI, TO B SKCIICPUMCHTAJIBHOIN TpyIie —
0,036 + 0,01 Hr/mi1, a B TpyTIE )KUBOTHBIX, ITOIYYaBIINX
MMUEIUHOE MAaTOYHOE MOI0UYKO — 0,046 £+ 0,01 ur/mi.

VYpoBeHb anonrTo3a B CEMCHHBIX KaHAbIaX OIMpe-
JIEJISUTA Yepe3 MOJCUET Kacmhas3bl-3-MO3UTUBHBIX KIIETOK.
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HWccrnenoBarenu mokasaid, 9YTO YPOBEHB aromnTo3a ObLT
3HAYUTEIILHO BBIIIC B IPYINAX ¢ HHIAYIIUPOBAHHBIM JHa-
0eToM, OJIHAKO MPH CPABHCHHUU TPEThEH U BTOPOI TpyI-
bl MEXKIY COOOH yIalloCh BBISIBUTH TO, YTO B TPYIIIC
KPBIC, KOTOPBIC MOJYYaJId MYSTUHOE MATOYHOE MOJIOYKO,
YPOBEHB arorTo3a ObLI HIDKE, YEM B TPYIIIC C KCIICPHU-
MEHTAJILHBIM CaXapHbIM THA0CTOM.

YpoBeHb Tponudepaln KICTOK B CEMEHHBIX Ka-
HaJbIaX ObUT 3HAYMTEIIBHO HUKE Y TPYIII C UHIYIIHPO-
BaHHBIM JHa0CTOM B CPAaBHCHHH C KOHTPOJBHOH TpyII-
moit. OHAKO y TPYIIIBI KPBIC, MONYYABIIUX MYCTHHOC
MaTOYHOE MOJIOYKO, YPOBEHB MpOouQepaIiu ObLI BHIIIIC,
YeM y SKCIICPUMCHTAIBHOM TPyl 0€3 ATOM T00aBKU.

ABTOPBI, HCCIIEYS KPBIC C YIATEHHBIMU SHYHUKAMH,
00paTIIi BHUMaHUE HA TO, YTO U3MCHEHUE MacChl Teja
U OPraHOB JKUBOTHBIX, MOJYYAOIIUX MAaTOYHOE MOJIOY-
KO, IPOUCXOUT IO IPYToil cxeme, ueM 3TO HaboaaeTcs
pu 00BIYHON OBapHeKTOMUH. Tak, eciii B CTAaHIAPTHOM
BapHaHTE OICpaIlysl BRI3bIBaIa YBEIMYCHUE O0IIEH Mac-
CBI JKUBOTHBIX, MTPOUCXONMIA aTPO(Usl MaTKU U pa3BU-
BaJICSI OCTCOINOPO3, TO MPH BBEJCHUU B PAIIMOH MaTOu-
HOTO MOJIOYKA MPOUCXOIUIO WHTHOMPOBAHHE TOTCPU
KocTHOU Macchl [58]. JlomogHUTENbHBIE UCCIEOBAHUS
in vitro IOKa3aju, 4YTO MAaTOYHOEC MOJIOYKO CIIOCOOCTBYET
HAKOTUICHHUIO KAJIBIUSI B KOCTHOM TKaHH.

N3yueHne MONEKYISIPHBIX MEXaHU3MOB 3CTPOTCHO-
MOJJOOHOTO BO3MCHCTBUS HECKOJNBKHUX JKUPHBIX KHCIOT
10,2 TK, cebanuHoBO# KuCIOTH U 3,10-muruapoxcu-
nexkanoBoi kucioTsl [59] uz IIMM [60]. [Tokazano, uTo
AHAITU3UPYEMBbIC )KUPHBIC KHCIOTHI CIIOCOOHBI BCTYIIATh
BO B3aMMOJICHCTBHE KaK C O, TaK U C [-perentopom
ACTPOTCHA, OKa3bIBasl BO3JCHCTBUC HA CHCTEMY PETYIisi-
LMY TCHOB, BOBJICYCHHBIX B MIPOIIECC OTBETA TIPU BO3/ICH-
CTBHUH 3CTPAJIUONIA.

ComocTaBiisisi  MOJIyYCHHBIC HKCIIEPUMEHTAILHBIC
JTAHHBIC U PE3yJIBTaThl MOJICIIUPOBAHUS B3aUMOICHCTBUS
HCCIIEIOBAaHHBIX BEIIECTB in silico, aBTOPHI BBIABUHYIIH
MPE/TIONIOKCHUE O TOM, YTO TCPCUUCIICHHBIC KHUPHBIC
KHCJIOTHI MATOYHOT'O MOJIOUKA CIIOCOOHBI K CBSI3BIBAHHIO
C KapMaHOM JIMTaHJ[a, KOHKYpUPYsI ¢ 3cTpaauosioM. Pac-
CUMTAHHBIC SHCPTHH B3aMMOJICHCTBUS MEKIY JIMTaH/a-
MU ¥ PELEHITOPOM MOKA3aJIH, YTO aHATU3UPYCMBbIC BEIlle-
CTBa yIaYHO KOHTAaKTUPYIOT C PEIEHTOPOM ICTPOICHA,
pacrosarasch B KapMaHe JIMTaH/Ia.

Anmuokcuoanmnas aKmugHOCHb MAmMo4H020 MO-
n0YKa

Jis u3ydyeHHsT aHTHOKCHJIAHTHON aKTUBHOCTH Ma-
TOYHOTO MOJIOYKA MPUMECHSIIH SKCIICPUMCHTAIBHYIO MO-
JIellb, B paMKaX KOTOPOU YKMBOTHBIX (CaMIIlbl KPBIC alib-
ounocoB Wistar) mojasepranu ramma-oOnydeHuro. J{is
OIICHKU BO3JICHCTBUSI MaTOYHOTO MOJIOYKA HA OpPTaHH3M
JKUBOTHBIX TPOBOJIMIM T€MATOJOTHUCCKOS, OMOXUMUYE-
CKOC U THCTOJIOTHYCCKOC HCCIICAOBAHUS. YCTaHOBIICHO,
YTO MATOYHOE MOJIOYKO MOJIOKUTEIILHO BIUSCT HA MHO-
rUe TOKa3aTein B YCJIOBUSAX ramma-oOnmyueHus. Tak,
HATpUMEp, B OIBITHOW TPYIIIE, MOJyYaBIIeld MaTOYHOE
MOJIOYKO, MPOUCXOIUIIO 3aMETHOC CHIIKCHUC KOHIICH-
Tpaluu COCNUHCHUN THOOApPOUTYPOBOW TPYIIBI, KOTO-
pBIC SIBIISFOTCSI MHAMKATOPAMH MEPEKHUCHOTO OKHUCIICHUS
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nunuaos [61]. Tlpu cpaBHeHHH OOMYYEHHBIX KpPbIC U
KPBIC, KOTOpBIE IMOJYYaJd MaTOYHOE MOJIOYKO B YCIIO-
BHUSIX Y-OOJydeHUsI, YCTaHOBJIEHO, YTO Ha (oHe nmpuéma
MaTO4YHOTO MOJIOYKa MPOMCXOAUT 3aMETHOE YIyYIlICHUE
BCEX IeMaToJIOTMYECKUX rokasaresnell. Takxke Obu1o MO-
Ka3aHo, 4TO Y TPYIIIIbI, MOTyYaBIIE MATOYHOE MOJIOUKO,
MIPOHMCXO/IUT YITyUIICHHE B CTPYKTypE CEpIeUHOIN MbIIII-
LBl ¥ HOpMaJTU3anust GyHKIUH KauIsipoB SHAOTENHS.
ABTOpBI /eI 3aKITI0UYEHHIE O TOM, YTO HAOIF0AaeMBbli
a¢deKT ObUT CBSI3aH C aHTUOKCUIAHTHON aKTHBHOCTHIO
MaTO4YHOT0 MOJIOuKa [62].

Buonozuueckan akmuenocmeo s0a nuenvl

SIn myensl TpeACTaBisSeT COOOM CIOKHYIO CMECh
0EJIKOB U IIENTH/IOB, KOTOpasi OKa3bIBACT PA3HOIMIAHOBOE
Bo3JeiicTBIe Ha opraHu3M. OCHOBHBIM KOMIIOHEHTOM
MTYESTMHOTO fAJa ABJsEeTCS MEIUTTUH [63], KOTOpBIN npu
BBICOKHMX KOHIIGHTPAIMSAX BBI3BIBACT JIN3UC KIETOYHBIX
MeMOpaH, a Mmpu CyOIMTHUECKMX — 00pa3yeT MOHHBIC
KaHallbl B JIMIHUJHOM OHCIIOE KIIETKH, JEMOHCTPHPYS
KaHATO(POPMEPHYIO aKTHBHOCTH [64]. JIpyruMu Komro-
HEHTaMHM ITYEIMHOTO sija siBisiforest anamul (PubChem
Compound Database; CID=90684471) [65], macTomapan
(PubChem Compound Database; CID=6324633) [66] u
¢dochonumnaza A2.

[epeuncieHHble KOMITIOHEHTBI 00JIaAal0T BBIPAXKEH-
HOU (papMaKoJIOTHYECKOH aKTUBHOCTBIO: TTOKa3aHa CIO-
COOHOCTBH THHA CHM)KATh KOJIMYECTBO MAPKEPOB MTOBPEIK-
JICHUSI TICYCHH IPHU IKCIIEPUMEHTAILHOM XOJAHTHTE H
ounmapHoM ¢Gudpose [67], a BHYTPHOPIONIMHHOE BBE/IC-
Hue ¢pochomumnazer A2 (KD 3.1.1.4) criocoOHO CHUXKATH
TEIJIOBYI0 U MEXaHMUYECKYIO JUIOJMHUIO y KPBIC B yC-
JIOBUSIX DKCIIEPUMEHTAJILHOTO BBEJICHHUS OKCAITUITIIATHHA
[68]. ABTOpBI pabOThI CUUTAIOT, YTO MEXAHU3M BO3JICH-
ctBus podosmnasel A2 Gazupyercs Ha aKTHBAIMH HOpa-
JPEHEePTHUYECKOM CHCTEMBI PETYJISIIIUH.

B ycnoBusix skcnepuMeHTaIbHOro (Gprdposa moyex
y MBIIIeH OBbIJIO TOKa3aHo, YTO MPU BHYTPUOPIOIIMHHOM
BBEJ/ICHUH MTUEIIMHOTO 51712 HAaOJII0/1aJI0Ch CHHYKEHHUE KOJIH-
yectBa Oenka TNF-o u nHTepielikuHa 1, KOTOpbIE SIBIISI-
I0TCSI MapKepaMH pa3BUTHUSI WHYIUPOBaHHOTO (prOpo3a
TIOYEK 1T0CIIE OJJHOCTOPOHHEH 0OCTPYKIIMH MOYETOUHUKA
[69]. YcraHOBIEHO TaKXke, YTO y IKCIEPUMEHTAIbHBIX
MBIIIEH TPOUCXOIUT 3HAYNTEIHHOE HHIMOMPOBAHUE IKC-
npeccun TGF-B 1 u pubponekTrHa. ABTOpPBI HCCIIe0Ba-
HUSI CJIeNIAlIU 3aKITIOUYEHHE O TOM, YTO WHBEKIMH MTYEIIH-
HOTO $1/1a CIOCOOHBI CHMYKaTh MHTCHCHBHOCThH PAa3BUTHS
¢hubpo3a moyek.

CoBpeMEHHOMY ITOHUMaHHIO MEXaHN3MOB IIPOTHBO-
BOCTIQJINTEIHHBIX CBOMCTB MUEINHOTO S/1a U €r0 KOMIIO-
HEHTOB TIpH JIeueHnU (hrudpo3a reyeHu, arepocKiieposa u
Oosie3Hel KoM MOCBSIIEH 0030p JIMTEpaTyphl, omyOIu-
KOBaHHBIW TPYIIION aBTOPOB M3 YHUBEPCHTETOB Tary u
Cunnes [70].

B 0030pe, MOCBSIMEHHOM BO3MOXHOCTH ITPUMEHE-
HUSI ITYEITMHOTO U OCHUHOTO SII0B YISl JISYEHHs U ipodu-
JIAKTUKU HEWpOoJlereHepaTHBHBIX 3a00J1eBaHMM, TpyIa
aBTOPOB PaccMOTpeia MOIXOAbI IPUMEHEHHUS MTYEINHOTO
sila K BO3MOYKHOCTH JICUCHUsI TaKUX 3a00JeBaHMM, Kak
Oone3nb AunblreiiMepa, Oone3ns [lapkuHcoHa, Smu-
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JIETICHSI, PACCEsSHHBIM CKJIepo3 U 00KOBOW amMuoTpodu-
yeckuil cknepos [71]. OTMeueHo, YTO BO3MOXKHOCTb HUC-
TIOJTb30BAHUS si1a IMUYET AJISL JICUCHHS OTHX 3a00JICBaHUM
TOJIEKO HauMHAET WU3Y4aThCsl, OJJHAKO IPEBAPUTEILHBIC
pe3yabTaThl MMO3BOJISIIOT MM HCIIBITHIBATH OCTOPOXKHBIN
OIITHMH3M.

OmyOnukoBaH 0030p 0 TepaneBTUUECKUX dPPeKTax
W MEXaHU3Max BO3/ICHCTBUS IMUYEIMHOTO si1a MpHU Jieye-
HUM MMMYHOJIOTHYECKMX M HEBPOJIOIMYECKHX 3aboire-
BaHMH [72]. ABTOpPBI MOJIAraroT, 4TO MUESIUHBIN 5171 00J1a-
JIaeT CHIIBHBIMH UMMYHOMOYJIHPYIOIIUMH CBOICTBaMH,
CIOCOOEH OKa3bIBaTh BO3/ICHCTBUE HA INTHAIBHBIC KIICTKH
Y HEHPOHBI IIEHTPAILHON HEPBHON CHUCTEMBI, IPU ITOM
OTMEYaIOT, YTO MHOT'ME MEXaHU3MbI BO3ICHCTBHUS eIlé
TOJIBKO TIPEJCTOUT yCTaHOBUTH. OTIEIBHO OTMEYACTCS
TOT (haKT, YTO MUEIUHBIN ST SBISETCS «O000II00CTPHIM
OpY)KHEM», KOTOPBIH IMPOSIBISIET KaK HOLMIIEHTHBHBIC,
TaK ¥ aHTH-HOIMIICNITUBHBIE CBOWCTBA U, B TOXE BPEMS,
SIBJISIETCS CUIIBHBIM QJIJIEPTEHOM.

BripaskeHHast Onoornueckast akTHBHOCTh TUEIIMHO-
TO sJa Ype3BBIYAHHO MPHUBJIEKATENbHA U SIBISIETCS MTPHU-
YHHOW MHOTOYHCIICHHBIX MOIBITOK €TI0 UCTIOIb30BaHMUS B
MeIuIrHe U BeTepuHapuu. Harpumep, Obuta npezioxe-
Ha CTparerys MOBBIIICHUS HMMYHHUTETa CBUHEH B yCJI0-
BHUSIX DKCIIEPUMEHTAILHOTO 3apayKeHUs] BUPYCOM Perpo-
JYKTUBHO-PECIIUPATOPHOro CUHIpoma [73].

Hecmotpst Ha TO, 4TO HKCIIEPUMEHTAIIBHO ObLiIa BbI-
SIBJICHA CIOCOOHOCTD MTUEITMHOTO s1J1a CHIYKATh KPOBSTHOE
naBneHue [74], mytem BO3JEHCTBUS Ha HHTEpOpelem-
TOpBI Cepilla U cOCynoB [75], MOBBIICHHEM MPOHUIIA-
€MOCTH HX CTEHOK ¥ BBI3bIBATh I'MCTAMHUHEPTHYECKUH
a¢ ekt [76], IeueHHEe ATUM TPOAYKTOM HE SBIISICTCS
YCTOSIBIIUMCSI B ME/IMIIMHCKOM MpakTuke. [1aBHOM mpu-
YHHOII 3TOMY SIBJISIETCS HEYCTOHUMBOE M MaJlo TpesicKa-
3yeMoe JIeHCTBHE MYEITMHOTO s1/1a Ha OPraHNu3M 4eJloBeKa
[75]. Hammpumep, B yCIOBUSX HEIOCTATOYHOCTH (DYHK-
UM CEPACYHOCOCYIMCTON CHUCTEMBbI, BBEIACHUE ITYEIIH-
HOTO 51712 MOXKET MPHUBOJMTH K TOIBEMY apTepUaILHOTO
JIABJICHYSI U YBEJIMUYCHHIO CEPJICYHOTO BBIOpOca [77].

Takoe monoxxeHue J1e1 03BOJISIET OoJIee OCTOPOIKHO
OLICHUTh TEPCIEKTHBBI B CO3aHHM KaKOTrO-THOO Mpe-
rapara HarpasJIeHHOTO JISHCTBHS Ha OCHOBE ITYEIINHO-
ro sna. CuTyanys OCJIOXKHSETCSI TEM, YTO COCTaB 3TOTO
MIPOJYKTa HEMOCTOSIHEH M 3aBUCHT OT MHOTHUX IEpEMEH-
HbIX [78], cOOp MYEIMHOTO sifa CIOKEH, a pecypcHas
0a3a orpaHMYCHa W TOJABEpIKECHA COKpaiicHuto [79]. 3a
JIECATHIIETHS] €r0 UCCIIEIOBAaHN OBIJIO OTKPBITO MHOXE-
CTBO MEXaHM3MOB M TIPOIECCOB OTBETa OpraHM3Ma Ha
BO3JICHCTBHE ITYEITMHOTO A/1a, YTO, 0€3yCIOBHO, TIOJIOXKH-
TENBHBIM 00pa30oM OTPa3HJIOCh Ha OOIIEM NMOHUMaHUH
MHOTHX OMOJIOTHYECKHX 3aKOHOMEpHOCTeH. OnHaKo 10-
CTaTOYHO CKPOMHBIC JOCTHXKEHUS B OOJACTH CO3aHUS
MEJUIIMHCKUX TPErapaToB Ha €ro OCHOBE IO3BOJISIOT
BBIJIBUHYTH ITPEATIOIOKEHUE O TOM, YTO U B JJalIbHEHIIIEM
ITYEJIMHBIN 517 OyAeT BBICTYNATh B POIIM J1abOPaTOPHOIo
CTpecc-TecTa, aHAJIOTHYHOTO THIlepOapuYeckoll OKCH-
TeHallNH, KOTOpasi, KCTaTH, TAKKe IIPHUMEHSIETCS] B ME/IU-
LIUHCKOM MPaKTHKE.

B cpaBHEHNU C TYETMHOM $I710M, TIEPCIIEKTHBEI pa3-

paboTKH mpernapara HalpaBIEHHOTO JIEHCTBHS Ha OC-
HOBE IMMYEJIMHOTO MAaTOYHOTO MOJIOYKa BBHINISIAT Ooliee
ONITHMUCTUYECKUMH. DTOMY CHOCOOCTBYET TO, YTO K
HacrosiimeMy MoMeHTy u3 [IMM yxe ObUIM BBIJIENCHBI
COE/IMHEHUsI, 00J1aJIaloNINe BEIPAKEHHBIM (hapMaKoJIOTH-
YECKHUM JICHCTBUEM.

[pencraBnenHpie B Tadiuie | KUCIOTHI 00JaiaroT
OTHOCHTEJIHO MPOCTON CTPYKTYPOH, UTO TIO3BOJIMIIO pa3-
paboTaTh TEXHOJOTHIO J1ab0pPaTOPHOTO CHHTE3a HEKOTO-
peix 3 HUX [80—83]. BO3MOXXHOCTH XMIMUYECKOTO MPOU3-
BOJICTBA aKTHUBHBIX KOMITIOHEHTOB ITYEIMHOTO MaTOYHOTO
MOJIOYKa OTKPBIBACT ITYTh K CO3[aHHIO JIEKAPCTBEHHOTO
cpencTBa ¥ M30aBiseT TPOM3BOAMTENSI OT HEOOXOANMO-
CTH OPHEHTHPOBATHCS HA TIPUPOHBIC NCTOYHHUKHU TIEPBO-
HavasbHOM cyOcTanuuu. C 3T0H TOUYKM 3peHus MUeINHOe
MaTo4yHOE MOJIOYKO BBITOHO OTIMYACTCSl OT MUEIHHOTO
sina, Yy KOTOpOTO JICWCTBYIOIIMMH KOMITOHEHTaMH SIBJISI-
10TCST (DEPMEHTBI CO CIIOKHOW TPEXMEPHOH CTPYKTYpPOH,
CHHTE3 KOTOPBIX YPE3BBIYANHO CIIOKEH.

Hecomuennsiv npeumymectsom 10,2 TJIK u 9-ok-
co-2E-nenenoBoii kucnotsl (9-OJIK) sBisiercst To, 4TO K
HaCTOSIIIEMY MOMEHTY YK€ CYIECTBYIOT PE/ICTABICHHS
00 MX MOTEHIIMAILHON MUIIICHH: 0L ¥ B-pEeIeNTOPBI ACTPO-
reHa. OpUEHTUPYSICh HA CTPYKTYPY ITHX KHCIOT MOXKHO
IIPOBECTH TMOUCK JIMT'AH/IOB, KOTOPBIE C MaKCHMAaJbHOM
9 PEKTUBHOCTBIO OyIyT CBSI3BIBATHCS C BBIOPAHHBIMH
MHUILEHSIMH, a MOCICAYIOIAs XUMUYECKast MO (HKAIHS
9THX MOJIEKYJI ITO3BOJIUT OTOOPATH TOT TUII CTPYKTYP, KO-
TOPBI HauOOJBIIMM 00pa3oM OyJeT COOTBETCTBOBATH
MIOCTABJICHHOM 3aj1aue.

B cBoeM 0030pe MBI OcTaBMIIN O€3 BHUMAHUS IpyTHe
MIPOJYKTHI IMYETOBOJCTBA (BOCK, MEN, MEPTy, MYCITHHYIO
OOHOKKY, TIPOIIOJIMC, MYETUHBIA MTOAMOp, JIHUNHOYHBIH
TOMOTeHAaT) U TakoMy H30MpareJIbHOMY MOJAXOAY €CTh
TIPUYHHBIL.

Hannuue Ononorndeckoil akKTUBHOCTH Y CIIOKHBIX
MIPUPOJHBIX CMeceil (HarmpuMmep, TaKnuX, KaK MUeIUHBIH
si) OazupyeTcs Ha JUIMTEIBHOM JBOJIOLMOHHOM ITyTH,
KOTOpBIN ompenensiercss UX (pyHKIHOHAIBHOCTBIO. DTO
O3HAUaeT, YTO KakK ITYEJIMHOE MAaTOYHOE MOJIOYKO, TaK
W IMYEJIMHBIA s TPOUUIM MHOXXECTBO CTaJMHU 3BOJIO-
LIMOHHOW MOIM(UKAINK, PE3ylIbTaTOM KOTOPBIX CTaja
UMEHHO HaOmofaemMasi OHMOJIOTHYECKass aKTHBHOCTB,
Ipe/iHa3HaYeHHasl B OJJHOM CIly4ae CIIY>KUTb IS 3alllu-
THI, @ B JIPYT'OM — PETYJIMPOBaTh MPOIECC JIMINHOUYHOTO
Mopdorenesa [84, 85]. Kak B nmepBoM, Tak U BO BTOPOM
BapUaHTE — ITO CJIOXKHBIE OMONIOTHUECKHe (DYHKIINH, BbI-
TIOJTHEHHE KOTOPBIX HE 00ECIIeYNBACTCS KAKMM-TO OTHUM
KOMITOHEHTOM. B HacTosiiemM 0030pe upe3BbI4aiiHO MaJio
OBUIO y/IeNIEHO BHUMAaHHMsI OEIIKOBOMY COCTaBY MUEIIMHO-
rO MaroOYHOTO MOJIOYKA, HEKOTOPbIE KOMIIOHEHTHI KOTO-
poro o0JIaJar0T CBOCH BBIPAKEHHON OMOJIOTHYECKON aK-
THUBHOCTBIO. J[eTabHO JaHHBIH BOIPOC OBLT pacCMOTPEH
B 0030pe 2018 rona [86].

WHTEepecHO OTMETHUTB, YTO MTPAKTUYECKH BCE MPOYK-
THI TYEJIOBOJICTBA IOJIB3YIOTCS MOMY/ISIPHOCTBIO U JI0BE-
pHeM y HaceseHHs (BKIIIoUast CaMUX MEPTBBIX HACEKOMBIX
— TaK Ha3bIBAEMBIH «ITYEIUHBIN TOIMOP»). YPOBEHBb 9TOTO
TIOJIOKUTETEHOTO BOCIIPHSTHS CTOJIb BEJIMK, YTO OHO pac-
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MIPOCTpPAHSIETCsl JIakKe Ha CMEXHBIE NPOXYKThL. Harpu-
Mep, B MPOJake MOXKHO YBHJIETh SKCKPEMEHTBI OOJIBIIOMH
BoCKOBO# Moiu (Galleria mellonella), koTopbie 6€3 BCSIKO-
IO SKCIIEPUMEHTAILHOTO 000CHOBAHUSI TAKKE HAJIEIISIOT-
st OOMMPHBIMU (hapMaKoJIOrHueckuMu cBoiictBamu. [1o-
JOOHOE TOJNOKEHHE CO3MaET TIOPOYHBIH KPYT, B KOTOPOM
MIPON3BOIUTEIN TIPETIApaToOB IKCILTYaTHPYIOT B KOMMEp-
YECKHUX LIEJISIX BHICOKOE JIOBEPHE HACEICHHS K MPOIYKTaM
ITYEJIOBOJICTBA, & HACEJICHHE TOJy4aeT IOJATBEPIKICHUE
HaJIM4YMsl MHUMBIX (PapMaKoOJIOTMUECKUX CBOWCTB, OIMpa-
SICh B CBOMX CYIKJICHUSIX Ha PEKJIAMHBIE MTOCBLITBI TPOU3BO-
mureneil. Takast cuTyaiusi cepbe3HbIM 00pa30M KOMIIPO-
METHpyeT BCE HalpaBiIeHHE aluTeparny, co3aBas Taxe
B Hay4YHBIX Kpyrax crenupuieckyro armocgepy BOCTop-
YKEHHOCTH TIPOJTyKTaMH ITYEJIOBOJICTBA.

AHanu3 myOnuKaIyii o JaHHOW TEME MOKa3bIBaCT,
YTO MOJABJISIONIee OOJBIIMHCTBO HCCIENOBATEICH HE
MO/IBEPraloT COMHEHHIO caM (akT Haau4us (apmMaxoso-
THUECKUX CBOMCTB y amumpenapartoB. bonee Toro, onu-
caHre OMOJIOTMYECKOH aKTMBHOCTH TPOAYKTOB IT4EJIO-
BOJICTBA BEJETCS C MO3UIMU WX MMO3UTUBHOTO BIMSHUS
U TOJIBKO M3PE/IKa, U BCKOJIb3b YITOMHHAIOTCS HETaTHB-
Hble (axThl (Hauboliee YacTo — pa3BUTHE ajiepruye-
CKO peakiuu). Takod MOAXOM CTaBUT TOJ] COMHEHHE
CYIIECTBOBAaHUS KakoW-TMOO0 onpenenéHHON Onoioru-
YeCKOW aKTUBHOCTH, TaK KaK 3TO CHIILHO KOHTPaCTUPYET
C DKCIEPUMEHTAJIBHBIMU JAaHHBIMH, TOJYYSHHBIMH JIJISI
JpYrHuX BeuiecTB. Hampumep, eciim 0CHOBBIBAsICh Ha IIy-
OJIMKaIMAX, TIPOBECTH OTOOP MPOAYKTOB ITUEIIOBO/ICTBA,
KOTOpBIE TIpeJUIaraeTcst HCIoIb30BaTh B MEAUIIUHE (Me]l,
BUIBLIA, TIEpPTa, IPOIIOJINC) U CPABHUTH ONHMCAHNE UX aK-

TUBHOCTHU C TAKMMH MPUPOJHBIMU OHOJIOTHYECKH aKTHB-
HBIMH BEIIECTBAMH, KaK, HarnpumMep, ButamMuusl A n C,
TO MOYKHO OOHApPYXHTh, YTO JJIsl BATAMHHOB CyII[ECTBY-
eT KaK MUHHMallbHasi, TaK MaKCUMaJbHasi JOMyCTHMast
71032, OTpe/iesIeHbl CHMITOMBI aBUTAMUHO3a M THUIIEPBHU-
TAaMHMHO3a KaK Y KUBOTHBIX, TaK M Y JIIOJICH, pOBeIeHa
BO3pacTHasl Ipajialiis JOIyCTUMOCTH CYTOYHOH HOPMBI
W MHOTOE JIpyroe, YTo IMpsSIMO CJIEIYET M3 IKCIIEPUMEH-
TaJBHO OMPEICIEHHON OMOTOrMYCCKOM aKTUBHOCTHU ITHX
BemiecTB. OHAKO ISl TAKMX HPOAYKTOB KaK MPOIIOJIHC,
repra u T.JI. TaKuX paboT MpOBEACHO HE ObUIO, XOTSI HC-
CJIC/IOBaHMS B 3TOM HAIPaBICHUH ITPOBOMSTCS yIKE MHO-
T'He TOJbl U HEKOTOPBIEC U3 ATHX BELIECTB MPEIaraloTcs
JUISL MCTIOJIB30BaHMS B MEANIIMHCKOM MPaKTHKE.

3AK/JIFIOYEHHME. Pesynpratsl  HpOBEAEHHOTO
HCCIIeIOBaHUS TIOKa3ajM, 4YTO JajbHEHIlee H3ydeHue
BBISIBJICHHBIX OMOJIOTMYECKH AaKTUBHBIX KOMITIOHEHTOB
(IeIIeHOBBIX KHMCJIOT) MAaTOYHOIO MOJIOYKa IYEN mpen-
CTaBJISIETCSI YPE3BBIYANHO MTEPCIICKTUBHBIM.

JlenieHOBBIE KHCIIOTHI JIEMOHCTPHPYIOT BBIPAaXKEH-
HYI0 OMOJIOTHUECKYI0 aKTHBHOCThH CJIOKHOTO CHEKTpa:
aHTUOAKTEPHAIBbHYIO, aHTUIPOIU(PEPATUBHYIO, TOPMO-
HOTOZOOHYI0, aHTHOKCHJIAaHTHYI0. DTH 3()(PEeKThl ObLIH
MOKa3aHbl Ha Pa3JIMYHBIX KUBOTHBIX MOJIEISX: MBIIIaX,
KpbICax, KPOJIMKaxX M OBIAX.

MO’KHO HaJesThCs Ha TO, YTO TIPH OTPabOTKE METO-
Ja 71abopaTopHOrO CHUHTE3a ITUX COCAMHEHWH, CTaHeT
BO3MOYKHBIM MX MaciiTaOHOE JIOKJIMHUYECKOE HCCIe/0-
BaHUE, KOTOPOE MOXET CTaTh OCHOBOM TP CO3/1aHUM Ka-
KOTO-JTM00 JIEKapCTBEHHOTO CPEACTBA C M30MpaTEeIbHBIM
JeiicTBueM.

INTRODUCTION. Search and analysis of
biologically active substances is an important and
challenging task. There are many approaches to its
implementation, which are based on the use of individual
molecular components of cells, the cells themselves of
various types and adult organisms [1]. The efficiency of
such a search on the basis of a simple search remains
very low [2]. The accumulated experience of empirical
medicine (Medicina gentilitia) can be a good reference
point for conducting this kind of research, allowing us to
significantly narrow the spectrum of the initial sample of
molecules. In this context, as the manufacturers inform the
public, the apipreparations having antimicrobial activity,
can lower blood pressure, dilate blood vessels, increase
the body’s resistance to infections, improve immunity,
etc., appear to be very interesting. [3]. However, in the
overwhelming majority of cases, the sources of data on
the described effects remain unclear. Moreover, when
reading modern domestic publications on this subject,
the attention is drawn to the maximum grey area of
the described biological effects and the absence of a
negative spectrum in them, which may indicate a lack of
experimental research in this area.

The list of honey products is quite broad-gauge and
includes such complex mixtures of substances as wax,
royal jelly, honey, beebread, bee pollen, propolis, «pche-
linyj podmor» (dead bees), bee venom, brood homoge-
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nate, etc. Almost all bee products are highly trusted by
the population, which endues them with various thera-
peutic properties. On the one hand, this attitude is based
on tradition, and on the other hand, it is supported by
advertising campaigns, in which bee products are posi-
tioned exclusively from the point of the silver lining.

From the whole spectrum of honey products, bee
venom and royal jelly are the most studied. Royal jelly is
registered in Russia as a pharmaceutical substance (apilak
lyophilized) and has been produced in the lyophilized
form since 1973.

THE AIM of this review is to analyze the published
experimental data describing the biological activity of
the components of royal jelly and bee venom.

MATERAILLS AND METHODS. The study has
been conducted using search and information systems
(eLibrary, PubMed, CyberLeninka, ResearchGate)
and library databases (Russian State Library, Central
Scientific Agricultural Library). In the designated
databases, publications were searched by such terms as
“biological activity”, “bee royal jelly”, etc. The depth of
the search was not limited: the authors planned to cover
the maximum amount of works on this topic.

When analyzing the biological activity of any group
of substances, it was taken into account that under certain
conditions even noble gases can demonstrate such an
activity [4], which makes it necessary to take into account
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the conditions under which the effects of a particular
substance were studied. When selecting articles for this
review, the authors took this fact into account and used
only the articles in which experimental work methods
were described.

RESULTS AND DISCUSSION. The biological
activity of royal jelly (RJ) was described quite long ago
[5], but experimentally these observations were confirmed
much later[6, 7]. Royal jelly has acomplex multicomponent
composition, which changes during storage [8, 9] and its
fractions have different biological activity.

Antibacterial activity

The antibacterial activity of royal jelly was
experimentally confirmed as far back as 1939 [10]: it
inhibited the growth of both gram-positive and gram-
negative bacteria, however, with respect to gram-positive
bacteria, the effect was twice as effective. It was also
established that the antibacterial activity of royal jelly
decreases proportionally to its storage time [11].

For the first time the assumption that it is fatty acids
that can be responsible for the presence of Royal jelly
antibacterial properties, was made in 1945 [12]. Then the
authors described the inhibitory effect of these compounds
on the growth of streptococci and staphylococci in the

concentration of 1/1000. The authors suggested that
further research of antibacterial components of Royal
jelly products would make it possible to develop new
preservatives for food products in the future.

In 1959 another group of researchers proved that
the antibacterial effect is provided by 10-hydroxy-A2-
decenoic acid [13], which is the main component of
the fat fraction of royal jelly. The experiment showed
that this substance is four times less effective than
penicillin in activity against Micrococcus pyogenes and
five times weaker than chlortetracycline when exposed
to Escherichia coli [14]. The authors found out that
10-hydroxy-A2-decenoic acid slows down the growth of
the fungus Neurospora sitophila, and hereby the authors
note that the salts of this acid have a reduced activity
compared to the substance itself.

In 1957, researchers A. Butenandt and H. Rembold
described a fatty acid (Table 1, No 1) and confirmed its
antibacterial properties [15]. In 1959, the structure of this
compound was described [16]. The authors noted that
other fatty acids also exhibit antibacterial properties [17]:
caproic (C,H,,COOH) [18], caprylic (C_.H,,.COOH) [19],
capric (C,;H,,COOH) ones [20], hereby caproic acid has
the most pronounced effect on Salmonella enterica.

Table 1 — Biologically active acids of royal jelly

No The name of compound Link

1 10-hydroxy-A2-decenoic acid [21] [14, 15, 25]
3 9-o0x0-2E-decenoic acid [23] [20]

4 9- carboxy-2E-nonylenic acid [8]

5 3,10-dihydroxydecanoic acid [51] [8,24]

6 3,12-dihydroxydecanoic acid [25] [8]

7 3-hydroxydecanoic acid [26] [8]

8 Sebic acid [27] [8]

The antimicrobial activity of 9-oxo-2E-decenoic
acid was detected (Table 1). As an experimental model,
the authors chose cow mastitis, based on the data that
80% of mastitis have a microbial etiology [28]. The
results showed that in the parenchymal milk there is a
dynamic decrease in the concentration of Streptococcus
agalactiae in comparison with the initial data. During the
experiment, the effect of 0.3% ointment of 9-oxo-2E-de-
cenoic acid was compared with such drugs as erythro-
mycin [29] and Mastaerosol (suspension of antibiotics:
benzylpenicillin sodium salt [30], streptomycin sulfate
[31], norsulfazole [32]).

From the results of the study it follows that after
five days of treatment with the use of 0.3% ointment
of 9-0x0-2E-decenoic acid, a decrease in the amount of
Streptococcus agalactiae was observed both on meat-pep-
tone agar and in smears from parenchymal milk, and after
ten days this microorganism ceased to discharge. Eryth-
romycin and Mastaerosol did not show such a result even
after 30 days of use.

Antitumoral activity

In 1959, the results of the study of royal jelly biolog-
ical activity under the conditions of experimental leuke-

mia and ascitic tumors were published [33, 34]. Such cell
lines as 6C3HED (lymphosarcoma cell line), TA3 (breast
tumor cell line), Ehrlich carcinoma cell line were used.
Populations of the isolated cells were mixed with royal
jelly and injected subcutaneously into AKR mice. Vari-
ous fractions of royal jelly were used in the experiment,
and citric acid solutions and standard phosphate buffer
were used as controls. As a criterion of effectiveness, in
this experiment the survival of animals was taken into ac-
count: control mice died from tumors after 14 days. Mice
of the experimental series were observed for 90 more
days after the death of the control animals, then they were
killed and necropsy was performed. The experimental re-
sults reliably showed the presence of an inhibitory effect,
which royal jelly had on the population of tumor cells at
the concentration of 30 and 40 mg / ml. The fraction of
ester-soluble acids had the same action on the inhibitory
effect. The research authors noted that 10-hydroxy-2-de-
cenoic acid had the inhibitory effect on tumor cell pop-
ulations (Table 1) at low pH values pH (5.6-4.2). It is
noteworthy that at neutral pH of 10.2, 10-hydroxy-2-de-
cenoic acid even with a twofold increase in concentra-
tion, did not show an inhibitory effect at all.
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No 10-hydroxy-2-decenoic acid was not added to
the control groups of cell suspensions, but the pH was
reduced to low levels. This procedure did not affect
cell cultures, and their injection resulted in the death of
animals after 14 days. This study led to the conclusion
that only undissociated 10-hydroxy-2-decenoic acid
exhibits the described activity. A sustained inhibitory
effect of 10-hydroxy-2-decenoic acid (10.2 10-hydroxy-
2-decenoic acid) was observed at the concentration of
1 mg/ml. Nowadays, the mechanism of 10-hydroxy-2-
decenoic acid action on the population of tumor cells
is not known. It was shown that the efficacy period of
10-hydroxy-2-decenoic acid takes from 3 to 6 minutes.
Washing the inhibited cells with a neutral pH buffer
solution does not restore the proliferative activity of
the cells. This allowed the researchers to conclude that
either the acid penetrates the cell or it is extremely tightly
bound to its surface, however, there were no methods for
a more detailed research at that time [34].

Somewhat later, in continuation of the antitumoral
activity of the components of royal jelly, the authors [35]
attempted to clarify the relationship between the structure
of fatty acids and their antitumoral activity. For this purpose,
esters of a number of mono- and dicarboxylic acids, as
well as compounds structurally similar to 10-hydroxy-2-
decenoic acid, were selected. In the experiment, mouse
leukemia cells were used. The results showed that the
esters of dicarboxylic acids containing from 9 to 11 carbon
atoms have the highest activity against leukemia cells
of mice, and the esters of monocarboxylic acids showed
the highest activity when there is a carbon chain in their
structure from 8 to 10 carbon atoms.

In the study of related 10-hydroxy-2-decenoic
acid compounds it was shown that the introduction of
a keto- or amide group into the structure of a molecule
either significantly reduces or completely eliminates the
antitumoral activity. The authors emphasize the fact that
9-oxydecenoic acid ethyl ester is not active. This can
be an important observation in the light of the fact that
9-oxydecenoic acid (Table 1) is the main component
secreted by the queen-bee. The results of the study led
to the conclusion that low-toxic compounds such as
carboxylic acids are capable of suppressing the growth
of mouse leukemia cells at concentrations of 0.1 mg per
ml of cell suspension.

Later, in vitro, the antitumoral activity of ten
unsaturated fatty acids was shown. They were able to
completely inhibit the growth of Ehrlich tumor cells [36]
at pH 4.0. The authors identified the following compounds:
sorbic, 2-nonenoic, 2-decenoic, 9-decenoic, 10-undecenoic,
linoleic and linolenic acids. The similar results were
obtained using Gardner’s and TA3 lymphosarcoma cells.
The experimental results showed the dependence of the
effectiveness of the acid on the cells on the concentration of
the substances and pH of the medium.

Hormone-like effect of royal jelly

Royal jelly is able to exert a hormone-like effect on
the mammalian organism. At present, this effect is not yet
completely clear and is being actively studied by various
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scientific groups. The effect of royal jelly or its components
depends on the gender of the animal. Adding royal jelly (at
the dose of 200, 400 or 800 mg per kilogram of the animal
body weight) to the diet of rabbits, caused an increase
in testosterone levels in males, increased the size of the
testes and sperm motility [37]. At the same time, with the
introduction of royal jelly into the diet of female rats with
ovaries removed, its estrogenic activity was shown [38].

The dependence on the concentration of royal jelly
in the diet of animals and the level of free testosterone
was shown experimentally under the conditions of
prolonged feeding (12 weeks). The results showed that
the introduction of RJ into the diet inhibited age-related
changes in the functions of the testes [39].

Later, the results of the prolonged exposure of the
mammalian organism to royal jelly were studied in more
detail [40]. The need for such a study was attributed by
the authors to the fact that there is very little information
about the possible negative effect of this product on
the reproductive system of mammals, while exogenous
estrogens can cause complications such as cryptorchidism
and structural anomalies in the testes [38].

It was found out that in the group of rats that received
royal jelly in large quantities, there was a change in
the weighting factors for tissues and organs, i.e.: the
coefficient for such organs as the pituitary gland and
testicles significantly decreased. It was also notified
that the concentration of spermatozoa in seminal fluid
decreased in these animals. The level of lutropin and
follitropin in the blood serum of the experimental group
significantly decreased in comparison with the control
group; however, the concentration of estradiol increased
and depended on the dose of injected royal jelly.

Using the method of estimating the number of
spermatozoa, which is one of the most sensitive in the
study of factors affecting spermatogenesis, the studies
have been conducted to identify the effect of royal jelly
on the organism of mice [41]. The quantitative indicators
of this method are significantly affected by synthetic
anabolic steroids. In the framework of the proposed
experimental model, the mice were divided into groups:
the first group was control mice, which were injected with
oral saline within 30 days via a stomach tube; the second
group were the animals receiving only oxymetalon at the
dose of 5 mg/kg for 30 days; the third group received
only royal jelly orally at the dose of 100 mg/kg for 30
days. The fourth group consisted of the mice, which were
administered oxymetalon and royal jelly at the dose of 5
mg/kg and 100 mg/kg, respectively, for 30 days.

Oxymethalone [42] is a synthetic derivative of
testosterone and is able to significantly reduce the intensity
of spermatogenesis in rats [43]. In this experiment it was
shown that the sperm count decreased significantly in the
group that received oxymetalone and increased slightly
in the group that received royal jelly and oxymetalone.
The differences in the viability of sperm between these
two groups have been identified.

Such an important indicator as sperm motility, was
higher in the group of mice that received oxymetalon and
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royal jelly, however, the group that received only royal
jelly practically did not differ in this parameter from the
control one.

The rate of a slow progressive advance did not
differ between the control group and the group receiving
royal jelly, however, the group receiving the oxymetalon
showed higher values in comparison with the control
group. It is noteworthy, that the group that received both
oxymetalon and royal jelly was worse than all the others
according to this indicator.

The rate of residual motion was practically the same
in all the groups, but the group receiving oxymetholone
and royal jelly significantly exceeded all other groups
including the control one in this parameter.

The sperm immobility index was almost the same
in the groups receiving only oxymetalone and in the
animals receiving oxymetalone with royal jelly. The rate
of the both groups was higher than in the control group
and in the group that received exclusively royal jelly.

Testosterone levels decreased in the oxymetalone
group compared with the control group; however, in the
royal jelly group, testosterone levels exceeded those of
the control group.

Oxymetolone has the ability to significantly
increase the proportion of animals staying in the embryo
development. In another study, an antagonistic effect
of royal jelly on that drug was shown [44]. The authors
showed that intramuscular or oral administration of
royal jelly activated estrus reactions and increased the
incidence of pregnancy.

Analyzing the results of the experiments with
oxymetalone, we can assume that royal jelly should have
a pronounced estrogen-like effect, however, additional
experiments do not support this hypothesis. In 2004, a group
of researchers studied this problem using bisphenol A as a
comparison substance [45]. This compound is actively used
in the chemical industry and even at low concentrations it
is able to show a pronounced estrogen-like activity, causing
the development of ovarian diseases and other abnormalities
[46]. Bisphenol A is capable of causing proliferation of
MCF-7 cells (breast cancer cells) and affects these cells in a
dose-dependent manner, i.e. an increase in cell proliferation
occurs with an increase in the concentration of Bisphenol
A [47]. The authors of the study suggested that the effect
of royal jelly on MCF-7 cells would be similar to that of
Bisphenol A. However, the experimental results showed that
royal jelly slightly inhibits the proliferation of MCF-7 cells.
The authors explained the observed effect by the variability
of the composition of royal jelly, which is a natural raw
material. It is noted that the joint introduction of royal
jelly and Bisphenol A into the nutrient medium of MCF-7
cells leads to a pronounced inhibition of proliferation. The
effect of inhibition was observed even if the royal jelly had
been previously heated to destroy the thermo-dependent
components of the mixture. This led to the conclusion that
the inhibitory component is thermally stable, and the reason
for the inhibition of cell proliferation is the presence of
10-hydroxy-2-decenoic acid in royal jelly, but this idea was
refuted experimentally.

It has been shown that 10-hydroxy-2-decenoic acid
is able to inhibit the activity of matrix metalloproteinases:
collagenase 1 and stromelysin 1 [48]. Ithas been suggested
that the observed inhibition may be associated with the
structural similarity of some sections of 10-hydroxy-
2-decenoic acid with estrogen molecules. After the use
of 9-oxydecenoic acid in all the experimental groups of
animals, an increase in the concentration of spermatozoa
in 1 ml (P> 0.05) was observed [49, 50].

Interesting data were obtained in the study of the
effect of royal jelly on rats with induced diabetes. It is
known that testicular mass, sperm count and sperm
motility are significantly reduced in patients with diabetes
mellitus [51, 52]. There is also a decrease in testosterone
levels and vacuolation is observed in spermatogonia and
spermatocytes. There is an increase in the wall thickness
of the seminiferous tubules, the depletion of germ cells.
In case of diabetes mellitus, a biopsy shows the presence
of testicular Sertoli cells in vacuoles in both humans [53]
and diabetic rats [54].

In this paper, researchers induced diabetes mellitus
in rats using streptozocin [55], which was administered
intraperitoneally at the concentration of 60 mg/kg animal
weight [56]. According to the experimental plan, male rats
were randomly divided into 3 groups: the first group was
the control one, the second group was represented by rats
with streptozocin-induced diabetes mellitus, and the third
group included rats, which, in addition to streptozocin, re-
ceived daily royal jelly in the concentration of 400 mg/kg
of the animal weight. It was established that with a marked
decrease in the weight of animals in the second and third
groups, in the third group, where the animals received roy-
al jelly, the weight reduction was significantly lower.

The analysis of histological sections revealed that
degradation of the seminiferous tubules was observed
in rats with induced diabetes. In animals of the second
and third groups, there was a decrease in the number of
Johnsen [57], however, in rats receiving bee royal jelly,
the number of Johnsen was higher. Testosterone levels in
the experimental groups were lower than in the control
group. If in the control group, the concentration of testos-
terone was 2.39 £ 0.4 ng/ml, in the experimental group it
was 0.036 = 0.01 ng/ml, and in the group of animals that
received royal jelly it was 0.046 + 0.01 ng/ml.

The level of apoptosis in the seminiferous tubule
was determined by counting caspase-3-positive cells.
The researches showed that the level of apoptosis was
significantly higher in the groups with induced diabe-
tes, however, when comparing the third and the second
groups, it was possible to reveal that in the group of rats
that received royal jelly, the level of apoptosis was lower
than in the group with experimental sugar diabetes.

The level of cell proliferation in the seminiferous
tubules was significantly lower in the diabetes-induced
groups compared with the control group. However, in the
group of rats treated with royal jelly, the level of prolifer-
ation was higher than in the experimental group without
this supplement.

The authors, exploring rats with ovaries removed, no-
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ticed that the change in body weight and organs of the an-
imals receiving royal jelly occurs according to a different
pattern than is observed in normal ovariectomy. So, if in
the standard version the operation caused an increase in
the total weight of the animals, uterine atrophy occurred
and osteoporosis developed, then bone loss was inhibited
when royal jelly was introduced into their diet [58]. Addi-
tional in vitro studies have shown that royal jelly promotes
the accumulation of calcium in the bone tissue.

The study of the molecular mechanisms of estro-
gen-like effects of several fatty acids — 10-hydroxy-2-de-
cenoic acid, cebacic acid and 3,10-dihydroxidecanoic acid
[59] from royal jelly [60] shows that the analyzed fatty
acids are able to interact with both the a- and B-receptor
of estrogen, affecting the system of regulation of genes in-
volved in the response process when exposed to estradiol.

Comparing the obtained experimental data and the
results of modeling the interaction of the studied sub-
stances in silico, the authors suggested that the listed fat-
ty acids of royal jelly are capable of binding to the ligand
pocket, competing with estradiol. The calculated interac-
tion energies between the ligands and the receptor have
shown that the analytes are successfully in contact with
the estrogen receptor, located in the pocket of the ligand.

Antioxidant activity of royal jelly

To study the antioxidant activity of royal jelly, an ex-
perimental model was used in which animals (male Wis-
tar albino rats) were subjected to gamma irradiation. To
assess the impact of royal jelly on the animal organism,
hematological, biochemical and histological studies were
performed. It has been established that royal jelly has a
positive effect on many indicators in terms of gamma
irradiation. For example, in the experimental group re-
ceiving royal jelly, there was a noticeable decrease in the
concentration of compounds of the thiobarbituric group,
which are indicators of lipid peroxidation [61]. When
comparing irradiated rats and rats that received royal jel-
ly under y-irradiation conditions, it was found out that,
against the background of royal jelly, there is a notice-
able improvement in all hematological parameters. It was
also shown that the group that received royal jelly im-
proves the structure of the heart muscle and normalizes
the function of the endothelium capillaries. The authors
concluded that the observed effect was associated with
the antioxidant activity of royal jelly [62].

Biological activity of bee venom

Bee venom is a complex mixture of proteins and
peptides, which has a diverse effect on the body. The
main component of bee venom is melittin [63], which at
high concentrations causes lysis of cell membranes, and
at sublitic ones it forms ion channels in the lipid bilay-
er cells, demonstrating canalformer activity [64]. Other
components of bee venom are apamin (PubChem Com-
pound Database; CID = 90684471) [65], mastoparan
(PubChem Compound Database; CID = 6324633) [66]
and phospholipase A2.

These components have a pronounced pharmaco-
logical activity: melittin shows the ability of to reduce
the number of markers of liver damage in experimental
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cholangitis and biliary fibrosis [67], and intraperitone-
al administration of phospholipase A2 (EC 3.1.1.4) can
reduce thermal and mechanical allodynia in rats under
conditions of experimental administration of oxaliplatin
[68]. The authors believe that the mechanism of action of
phospholipase A2 is based on the activation of the norad-
renergic regulation system.

Under the conditions of experimental kidney fibrosis
in mice it was shown that intraperitoneal administration
of bee venom decreased the amount of TNF-a protein and
interleukin 1, which are markers of the development of
induced kidney fibrosis after unilateral obstruction of the
ureter [69]. It was also found out that in the experimental
mice, a significant inhibition of TGF-f 1 expression and
fibronectin occurs. The authors of the study concluded
that injections of bee venom can reduce the intensity of
the development of kidney fibrosis.

A review of the literature published by a group of au-
thors from the universities of Daegu and Sydney [70] is
devoted to modern understanding of the mechanisms of
anti-inflammatory properties of bee venom and its com-
ponents in the treatment of liver fibrosis, atherosclerosis
and skin diseases.

In the review on the possibility of using bee and
wasp poisons for treating and preventing neurodegen-
erative diseases, the group of authors reviewed the ap-
proaches of using bee venom to the possibility of treating
diseases such as Alzheimer’s disease, Parkinson’s dis-
ease, epilepsy, multiple sclerosis and amyotrophic lateral
sclerosis [71]. It was noted that the possibility of using
bee venom to treat these diseases is just beginning to be
studied, however, preliminary results allow the authors to
experience cautious optimism.

A review on the therapeutic effects and mechanisms
of exposure to bee venom in the treatment of immuno-
logical and neurological diseases has been published
[72]. The authors believe that bee venom has strong im-
munomodulatory properties, it is able to affect the glial
cells and neurons of the central nervous system, while
noting that many of the mechanisms of its action are to be
established. The fact that bee venom is a “double-edged
weapon”, which exhibits both nociceptive and anti-noci-
ceptive properties and, at the same time, is a strong aller-
gen, has been noted separately.

The pronounced biological activity of bee venom
is extremely attractive and is the cause of numerous at-
tempts to use it in medicine and veterinary medicine.
For example, a strategy was proposed to increase the
immunity of pigs in conditions of experimental infec-
tion with the virus of the reproductive-respiratory syn-
drome [73].

Although the ability of bee venom to lower blood
pressure [74] by acting on the interoreceptors of the
heart and blood vessels [75] increasing the permeability
of their walls and causing a histaminergic effect [76]
was experimentally revealed, the treatment with this
product has not been well established in medical prac-
tice. The main reason for this is the unstable and unpre-
dictable effect of bee venom on the human body [75].
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For example, in conditions of insufficiency of the car-
diovascular system, the introduction of bee venom can
lead to the increase of blood pressure and the increase
in cardiac output [77].

This state of affairs makes it possible to more cau-
tiously assess the prospects for creating a target drug
based on bee venom. The situation is complicated by
the fact that the composition of this product is not con-
stant and depends on many variables [78], the collection
of bee venom is complicated, and the resource base is
limited and subjected to reduction [79]. Over the de-
cades of its research, many mechanisms and processes
of the body’s response to the effects of bee venom have
been discovered. It certainly has a positive effect on the
general understanding of many biological laws. Howev-
er, rather modest achievements in the field of creating
medical preparations based on it allow us to put forward
the assumption that in the future bee venom will act as a
laboratory stress-test similar to hyperbaric oxygenation,
which, by the way, is also used in medical practice.

In comparison with bee venom, the prospects for
developing a target drug based on royal jelly look more
optimistic. This is facilitated by the fact that, to date, the
compounds with a pronounced pharmacological action
have already been isolated from royal jelly.

The acids presented in Table 1 have a relatively sim-
ple structure, which made it possible to develop a tech-
nology for the laboratory synthesis of some of them [80-
83]. The possibility of chemical production of royal jelly
active components opens the way to the creation of a
medicinal product and eliminates the manufacturer from
having to focus on the natural sources of the original sub-
stance. From this point of view, royal jelly favorably dif-
fers from bee venom, in which the active components are
enzymes with a complex three-dimensional structure, the
synthesis of which is extremely complex.

The apparent advantage of 10-hydroxy-2-decenoic
acid and 9-oxo-2E-decenoic acid is that by now there al-
ready exist ideas about their potential target: a- and f3-es-
trogen receptors. Focusing on the structure of these acids,
scientists can search for ligands that will be associated
with the selected targets with maximum efficiency, and
the subsequent chemical modification of these molecules
will make it possible to select the type of structures that
will fit the task best.

In our review, we ignored other bee products (wax, hon-
ey, beebread, bee pollen, propolis, bee subsurface, brood ho-
mogenate) and there are reasons for this selective approach.

The presence of biological activity in complex nat-
ural mixtures (for example, such as bee venom) is based
on a long evolutionary path, which is determined by their
functionality. This means that both royal jelly and bee
venom have gone through many stages of evolutionary
modification, the result of which was precisely observed
biological activity, intended in one case to protect, and in
another to regulate the process of larval morphogenesis
[84, 85]. In the both versions, these are complex biolog-
ical functions the execution of which is cannot be pro-
vided by a single component. In this review very little

attention was paid to the protein composition of royal
jelly, some components of which have their pronounced
biological activity. This problem was considered in detail
in the 2018 survey [86].

It is interesting to note that almost all honey products
are popular and trusted by the population (including the
dead insects themselves — the so-called “pchelinyj pod-
mor” (dead bees). The level of this positive perception
is so great that it extends even to related products. For
example, on sale you can see excrements of a greater
wax moth (Galleria mellonella), which, without any ex-
perimental justification, is also endowed with extensive
pharmacological properties. This state of affairs creates a
vicious circle in which drug manufacturers exploit high
public confidence in bee products for commercial pur-
poses, and people receives confirmation of the presence
of imaginary pharmacological properties, relying in their
judgments on the advertising messages of manufacturers.
Such a situation seriously compromises the entire sphere
of apitherapy, creating a specific atmosphere of enthusi-
asm for beekeeping products even in scientific circles.

The analysis of publications on this topic shows
that the vast majority of researchers do not question the
very fact of the presence of pharmacological properties
in apipreparations. Moreover, the description of the bi-
ological activity of bee products is carried out from the
standpoint of their positive influence, and only occa-
sionally negative facts are mentioned in passing (most
often concerning the development of an allergic reac-
tion).

Such an approach casts doubt on the existence
of any particular biological activity, since it contrasts
strongly with experimental data obtained for other sub-
stances. For example, if, basing on publications, to se-
lect bee products that are proposed for use in medicine
(honey, pollen, beebread, propolis) and compare the
description of their activity with such natural biologi-
cally active substances as, for example, vitamins A and
C, you can find that for vitamins there is both a mini-
mum and maximum permissible dose, the symptoms of
avitaminosis and hypervitaminosis in both animals and
humans are determined, the age gradation of the daily
allowance is carried out and, much more that is right,
follows from the experimentally determined biological
activity of these substances.

CONCLUSION. The results of the study showed
that further nvestigation of the identified biologically
active components (decene acids) of royal jelly seems
extremely promising.

Decenoic acids demonstrate a pronounced biological
activity of a complex spectrum: antibacterial, antiprolif-
erative, hormone-like, antioxidant. These effects have
been shown in various animal models: mice, rats, rabbits
and sheep.

One can hope that when developing the method of
laboratory synthesis of these compounds, their large-
scale preclinical research will be possible, which may
become the basis for the creation of any drug with a se-
lective effect.
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E-mail: orlovaol@mail.ru

Hecmomps na passumue 6uomepanuu, XuMuomepanus. 0Cmaemcs 0OHUM U3 OCHOBHBIX MEMOO08 Je4eHUsl OHKO-
Jnocuyeckux 6onvhbIX. B nacmoswee spems cyuwecmeyrom 6onee 100 npomusoonyxonegwix 1ekapcmeensbix cyocman-
Yuil, 0OHAKO eHce200HO 6 KIUHUYECKYIO NPAKIMUKY 6X00SIM HOBbLE JIeKAPCMBEenHble Cpedcmad i anpooupyionmcs pas-
JUYHbIE MEPAnesmuieckKue PelcUMbl, Yo paculupsiem 603MOICHOCTNU Mepanuu U Yiyuuidem pe3yibmamol 1e4eHUs.
Toomomy adexsamuoe UCHONB306AHUE COBPEMEHHOU XUMUOMepanuu mpedyem nocmosHHo20 00HO8IeHUs UHPOp-
Mayuu 0 nPOMUBOONYXO0LEBbIX NPENAPAMAX U Memooax ux ucnonvzosanus. Ilepopanvhoe npumenenue iexapcmeen-
HbIX CPeOCM8 AGNACMC I CAMbIM eCIECMBEHHbIM U YOOOHbIM CNOCODOM 88€0EHUs NeKAPCME 8 OP2AHU3M 4el08eKd.
Ilepopanvro 6sodsm okono 75% npenapamos, 061a0aiowux cnoOCoOHOCMbIO 8CACLIBAMBCS 8 HCENYOOUHO-KUUUEHHOM
mpakme 6 meuenue -3 u nocne npuema. Ilepopanvhvle nexapcmeennvie gopmul (JIP) naubonee pacnpocmpareHol
brazo0aps OMHOCUMENLHOU NPOCHOME UX NPOU3800CMEA, YOOOCMEY NOIb308AHUSA, MOYHOCHIU 003UPOBAHUSL U GbLCO-
Koti cmabunsrocmu. Ilosmomy gapmayesmuuecKkue KOMNAHUY Yauje GOCNPOU3B00SM OHCEHEPUKU 8 8UOe MAOIemoK
u xancyn ons npuema eHympsb. OOHAKO OONBUUHCMEBO JleKapcmeentblx eeujecms (JIB) paspywaiomes noo oeticmsu-
em cpeovt XKKT, umo denaem ne8o3MONCHbIM UCNONBb30BAHUE NEPOPATLHO20 NymuU 68edenus. B dannom obzope nu-
mepamypul 0OXapakmepuzo6aHvl OCHOGHbIE PYINbL NPOMUBOONYXOLEBbIX NPENApamos, Komopule 3h@exmusnsvl npu
npueme enympuo. Llens uccnedosanun saxniovaemcs 6 obobwenuu ungopmayuu 06 0OCHOGHLIX 2PYNNAX NPOMUE00-
NYXOJle6blX NPEeNnapamos, UCNOIb3YeMblX sl 6HympeHHe20 npumenenus. Mamepuanvt u memoost. Oovexmom uccie-
008aHUsL ABTIANUCH U3BECIHbIE NPOMUBOONYXONEBbLE NPENnapamyl, paspeutennuvle 0 npuema eénympo. Mccrnedosanue
NPOBOOUNIOCH € UCNONB30BAHUEM NOUCKOBO-Unpopmayuonnvix (eLibrary, PubMed, CyberLeninka, ResearchGate) u
oubnuomeunvix 6az 0anHvIx, a makdce 6 Iocyoapcmeennom peecmpe nekapcmeennvix cpeocms. Pezynomameot u 06-
cyycoenue. Aunanuzupys apcenan yumomoKCU4eckux npenapamos, ciedyem ommemumy, 4mo npomueoonyxoiesoie
cyocmanyuu Xapakmepuzyiomes 8blCOKOU XUMUYECKOU 1AOUTbHOCMbIO, OHU (hOMOYY6CMEUMENbHYL, MEPMONAOULL-
Hbl, 2USPOCKONUYHBL U 2UOPOIUMULECKU HEYCMOUYUGbl. Dmu c8OUCMBA OCIONCHAIOM KAK NOAYYeHUe BOCHPOU360-
OUM0o20 mepanesmuyecko2o dgexma npu npueme Hympb, Max U MexHoIocu4ecKue npoyeccol npu evinycke JId.
Kpome mozo, npomusoonyxonesvie npenapamul 001a0ar0m MymazeHHbIM, MepamoeeHubiM, CEHCUOUTUSUPYIOWUM U
annepeusupyrowum oeticmeuem. 3axnovenue. Omcymemeue 00CMAamMoyHol U3OUPAMeEIbHOCMU NPOMUBOONYXOIe-
6020 OeliCmBUsT YUMOMOKCUYECKUX NPeNnapamos i HeboIbuas wupoma apmakoiocsuiecko2o 0eucmeus mpeoyiom
ucnonvzosanus JID, obecneuusaiowux Konmpors docmasxku JIB 6 opeanusm, 8 mom uucie mouHOCmb 003UPOBKU
u cmanoapmmuyio buooocnynnocme. Ouenv 8adxcHylo poiv 6 docmaske JIB k mecmy nopaosicenusi uepaem JID. Yyu-
MblBAsL BLICOKYIO MOKCUYHOCHIb NPOMUBOONYXONIEBbIX NPENApamos, Ojis U30exHCaHus MeCImHOMKAHEesbIX peakyuti npu
npueme Hympb, 0053aMenbHO CO30AIOMCSL KANCYIbl U MAbIemKl, HOKPblmble 00010YKOU.

Kniwouegvie cnosa: npomusoonyxonegvle npenapamvl, nepopaibHblil Nyns G8e0eHUs, AIKULUPYIOwue npenapa-
mbl, NPOMUBOONYXOLEEble AHMUOUOTMUKY, AHMUMEMADOIUMb]
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Despite the development of biotherapy, chemotherapy remains one of the main methods of treatment of cancer
patients. Currently, there are more than 100 anticancer drug substances, however, every year new drugs enter clinical
practice and various therapeutic regimens are tested, expanding the possibilities of therapy and improving the results
of treatment. Therefore, the adequate use of modern chemotherapy requires constant updating of information about
anticancer drugs and methods of their use. Oral administration of drugs is the most natural and convenient way to
introduce drugs into the human body. There are about 75% of orally administered drugs that have the ability to be
absorbed in the gastrointestinal tract within 1—3 hours after administration. Oral dosage forms (DF) are most common
due to the relative simplicity of their production, convenience of use, accuracy of dosing and high stability. Therefore,
pharmaceutical companies often reproduce generics in the form of tablets and capsules for oral administration.
However, most active pharmaceutical ingredient (API) are destroyed by the action of the gastrointestinal tract
environment, which makes it impossible to use the oral administration. This review of the literature describes the main
groups of anticancer drugs that are effective when taken orally. The aim of the study is to compile the information on
the main groups of anticancer drugs used internally. Materials and methods. The object of the study was well-known
anticancer drugs approved for oral administration. The study was conducted using search information and library
databases (eLibrary, PubMed, CyberLeninka, ResearchGate), as well as State Register of Medicinal Remedies.
Results and discussion. Analyzing the arsenal of cytotoxic drugs, it should be noted that antitumor substances are
characterized by high chemical lability, they are photosensitive, heat-labile, hygroscopic and hydrolytically unstable.
These properties complicate both obtaining reproducible therapeutic effect when taken orally and technological in-
processes. In addition, anticancer drugs have mutagenic, teratogenic, sensitizing and allergenic effects. Conclusion.
Lack of sufficient selectivity of the antitumor effect of cytotoxic drugs and a small breadth of pharmacological
action require the use of DF, ensuring control of drug delivery to the body, including dosage accuracy and standard
bioavailability. DF plays a very important role in the delivery of drugs to the lesion site. Capsules and coated tablets
are necessarily created to avoid high toxicity of anticancer drugs and local tissue reactions when taken orally.

Keywords: anticancer drugs, oral route of administration, alkylating agents, anticancer antibiotics, antimetabolites

BBEJIEHME. JlekapcTBeHHasi Tepamnusi ONyXOJeu
SIBISIETCSI AKTYyaJbHBIM Pa3JielIoOM COBPEMEHHOW MeaH-
nuHbl. HecMOTpst Ha MONBITKM OHMOTEpanuy OIMyXOJeH,
XMMHOTEPAIHSI OCTACTCSI OHUM M3 OCHOBHBIX METO/IOB
JICYCHUS] OHKOJIOTHUECKUX OONBHBIX. B Hacrosimee Bpe-
Mst 6oree 100 TPOTHBOOITYXOJIEBBIX CYOCTAHIIHIA BOIILTH
B KJIMHAYECKYIO TPAKTHKY. Tak Kak CO3JaHWE OPUTH-
HAJIBHBIX TIPENIapaToB CTAHOBUTCS BCE JI0OPOXKE, OOJIbIICE
BHUMaHHE HMCCIICAOBATEIN CTAIHM YACNIATH YIy4dIICHHIO
CBOMCTB yke M3BECTHBIX IpenaparoB. CHmxeHHE -
(PEeKTHBHOCTH Hay4YHBIX HCCJICIOBAHMH MO CO3IaHHIO
MIPUHIMIHNAIBHO HOBBIX CPEICTB, BBICOKMH PHUCK IS
JIOJITOBPEMEHHBIX MHBECTHIINH, a TAK)Ke OOJIBIION accop-
THUMEHT JICIIEBbIX JUKEHEPHKOB CTHMYJIUPYIOT pa3pador-
KW OPUTHHAIBHBIX ONTUMH3HPOBAHHBIX JIEKAPCTBEHHBIX
¢dopm (JID) m3BECTHBIX JICKapCTBEHHBIX cyOcTaHIuii [1].

B03MOKHOCTB JOCTaBKH JIEKAPCTBEHHOTO BEIIECTBA
(JIB) B ouar mopakeHHsI, 0COOCHHOCTh €T0 B3aUMOJICH-
CTBHS C OPT'aHU3MOM B OCHOBHOM OIIPEEIISIOTCS pali-
OHAJBHBIM IyTeM BBeJeHHA. B cBoro odepens tun JID
oIIpeeNseT Mopsiiok B3anmozeiicteust JIB ¢ cucremamu
opraunsMa. J(PPEKTUBHOCTD JOCTABKM aKTUBHOTO Mpe-

rapara K OITyXOJH 3aBHUCHT OT psiia €ro (pU3MKO-XUMH-
YECKHX M OMOJOTMYECKHX CBOMCTB, KOTOpBIC OIpaHH-
YHMBAIOT TEXHOJIOTUYECKUE BOZMOKHOCTH NP CO3IAHUH
nHbeKIHOHHOM JID m3-3a TuapododHOCTH JIB, BRICOKOI
TOKCUYHOCTH WM TOSBICHHUS MOOOYHBIX OCIOKHEHHH
THIIAa MECTHO-TKAaHEBBIX peakuuil. [IpoTnBoomyxoneBsie
JIB sIBIISAI0TCSI BBICOKOPEAKTHBHBIMH COEIMHEHUSIMH, MO~
9TOMY B BOAHBIX PAacTBOpax OHH JIETKO THJIPOJIH3YIOTCS,
OKHUCISIOTCS, UX 3Qdekt 3aBucut ot pH cpensr [2]. [Ipu
morajanuy B opranusM JIB B3anMojeiicTBytoT ¢ O1oIIo-
TMYECKUMH KHUIKOCTSMH U TKaHSIMH, HETIOCPEICTBEHHO
KOHTaKTHPYIOIUMH C HUM IIpH BBeAeHuU. CKOpOCTh MO-
sireHus JIB B KpOBEHOCHOH M TUM(pATHICCKOW CHUCTE-
Max, pacIipe/ie/ieHHe M0 OpraHaM M TKaHSIM HalpsMyro
3aBUcUT OT nyTH BBeaeHus JIO [3]. K cozganubim JID
JUISL KaKI0TO IyTH BBEICHHS HPEIBSBISIOTCS 0COObIC
TpeOOBaHMs, KOTOPBIE 3aJI0KEHBI B CIICIIMAIbHBIC 00MINe
CTaTbH, BKIIOYCHHBIE B TOCYAaPCTBEHHBIC (hapMaKOIIeH 1
Jpyrre HOPMaTHBHBIC IOKYMEHTEI.

[TepopanbHOE IPUMEHEHHUE JICKAPCTBEHHBIX CPEJICTB
SIBISIETCSI CAMBIM €CTECTBEHHBIM U YJOOHBIM, HanOoee
pacIpocTpaHeHHBIM criocoOooM BBenieHus1 JIB B oprannsm
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yenoBeka. [lepopanbHO BBOAAT OKOJIO 75% JEKapcTB,
00JIa/IafoNMX CHOCOOHOCTBIO BCACHIBATHCS B KEIYH0U-
HO-KMIIIEYHOM TpakTe B TedeHue 1-3 u mocie mpuema.
[lepopanbHbIil MyTh MPUMEHEHMS SBISETCS OJHUM W3
BHUJIOB SHTEPAIbHOTO_ITyTH BBEJCHUS JIEKAPCTBEHHBIX
CPEJICTB, K KOTOPOMY TaK>Ke OTHOCSITCS CyOIMHIBaJIbHOE,
TpaHCOyKKaJIbHOE U peKTalbHOE BBeneHus. Trepabie JID
SIBJISIFOTCSL HamboJiee pacHpoCTpaHeHHBIMH, Oiaromaps
OTHOCHTEJIFHON MPOCTOTE MX MPOM3BOJCTBA, YNOOCTBY
MOJIb30BAHUS, TOYHOCTH JO3UPOBAHMSA U BBICOKOH CTa-
ounpHocTH [4, S5]. TlosToMy oOcCHOBHBEIE (hapMaleBTH-
YyecKHe KOMIIAHMU Yallle BOCIPOU3BOIAT UKEHEPUKU B
BH/JIE TaOJIETOK U KaICys JUIsl IpreMa BHYTPb.

IIpu pazpabotke mnepopanbhbix JID cymiecTByeT
npobiema HU3KOM OuojoctymHocty JIB, koTopas 3aBu-
CHT OT psina (pakTopoB: BOJOPACTBOPUMOCTb, IIPOHHIIA-
€MOCTb, CKOPOCTh PAaCTBOPEHUSI, METa0OJIN3M 1 BbIBEJIC-
Hue. Taxxe, kak s napeHrepanbHbix JID, Tak u ns
SHTEpaJIbHBIX, paCTBOPUMOCTB JIB — 3TO 0OueHb BayKHBII
rnapamerp, oOecIeunBalONIMH JIOCTIKCHUE IKEIaeMOM
TEpaneBTUYECKOM KOHIEHTpAllMd B CUCTEMHOHN LHPKY-
JISIIIMK M COOTBETCTBEHHO HEOOXOIMMBIN (papMaKoIoru-
yeckuil apdext [6-8]. DPPekTUBHOCTH TEepOopaILHOTO
croco0a MPUMEHEHUs 3aBUCHT KaK OT (hapMaKOKWHETH-
YEeCKHMX MapaMeTpoB Npernapara — (GU3MKO-XUMHYECKUX
CBOMWCTB, CKOPOCTH BCACBIBAHUS U BPEMEHH JOCTIKEHUS
MaKCHMaJbHON KOHLIEHTpAIMM, MepHoja IOTyBbIBEE-
HUSI TIpernapara, Tak U OT (PU3MOJIOTMYECKUX CBOWCTB
opranusma — n3MeHeHus: pH B pa3nuyHbIX OT/eNax Mu-
LIEBAPUTEIBHON CHCTEMBI, IUIOMIAAN IOBEPXHOCTH, C
KOTOpOH BCachIBAIOTCA JIEKAPCTBEHHBIE CPENCTBa, Mep-
(y3uu TKaHel MUILEBAPUTEILHON CUCTEMBI, BBIICICHUS
JKEJTYM W CIIM3U, CBOMCTB MEMOpaH KIIETOK SIIHTEIHS
KKT u nqpyrux Gu3nonoruuecKux nporeccos, mpoTeKa-
IOIUX B MMUIIEBAPUTENBHOI cucTeMe.

[Tnoxo pactBopumbIie JIB npuxoaurcst BBOTUTH Mepo-
paibHO B OOJBIINX J03aX, YTOOBI JIOCTHYb TepareBTHYe-
CKOW KOHIIEHTPAIIMM B KPOBH, UTO SIBJISICTCSI TPOOIEMOH,
ocnoxHsroIIeH pa3pabotky JI® HoBeIX JIB. Jlns Bcackl-
BaHUs B KpOBOTOK JIB OIIKHO NOHTH 110 30HBI a0cOpOIMH
B BHJIE PACTBOPA, IOATOMY BOJIA ABJISETCS PAaCTBOPHUTEIIEM
«BbI0Opa» s JIO. [Tnoxo pactBopumeie JIB mioxo a6-
COpOMPYIOTCS M OTINYAIOTCSl HecTaOMITbHOW OHOJOCTYTI-
HOCTBIO. BBHly BapnaOenbHOCTH OMOIOCTYITHOCTH TIPH
MpUEME BHYTPb TPYAHO PACCUUTATh TEPAreBTHUYECKYIO
7103y, 4TOOBI 00ecrednTh TPeOyeMyI0 KOHIICHTpALUIO B
kpoBu. [loaTomy npobnema pacrBopumoctu JIB siBnsiercst
OCHOBHO# TIpo0IieMoii TexHosoros [4, 9].

CymecTByeTr HayyHasi OMogapmareBTHIeCKast Kilac-
cudukanmonnas cucrema (bKC), koropas pasnenser JIB
Ha 4 Kkjacca Ha OCHOBaHMM MX PAaCTBOPHUMOCTH B BOJE
U KHIIeYyHON npoHunaeMoctu. Ilnoxas pacTBOpUMOCTh
U HU3Kas CKOPOCTb PACTBOPEHUS IIOXOPACTBOPUMBIX
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JIB B xuaxoctax JKKT 3HauMTENBHO CHUIKAET UX OUO-
nocrynaocts. Onnako jurst JIB 11 kiracca BKC (au3kopa-
CTBOPUMBIX C BBICOKOW IMPOHUIIAEMOCTHIO) OMOOCTYI-
HOCTb MOYKHO YBEJIMYUTh, IMOBBICUB PACTBOPUMOCTH U
CKOPOCTh pacTBopeHHs cyoctaHimu B xuakoctsax JKKT
[10]. B HacrosIiee BpeMs IUPOKO MPUMEHSIOTCS TEXHO-
JIOTUYECKHE TOAXO/BI [l YBEJIHUEHHUs] pacTBOPUMOCTU
IJI0XO PACTBOPUMBIX MM HepacTBOpuMbIX JIB [11-13].

[IpoGnema co3nanus BHICOKOI(P(EKTUBHBIX OPUTH-
HaJbHBIX INPOTHUBOOIYXOJEBBIX MpENapaToB MO-TPEXK-
HEMY OCTaeTCsl aKTyaJbHbIM HalpaBlICHHUEM Hay4HBIX
nccienoBanuii [14]. I3BecTHO, YTO BHYTPUBEHHBIH MyTh
BBEJICHHS HauOOIIee MPUEMIIEM ISl aKTHBHBIX IPOTHBOO-
myxoseBbix JIB [2]. OpgHako cpeau mpoTHBOOMYXOJIEBBIX
npenapatoB ATX LOI (anaroMo-TepaneBTH4eCKO-XUMU-
yeckasi kinaccudukanus) JIO s nepopaibHOro mpume-
HEHHs 3aHUMAIOT 0C000e MECTO.

HEJIb Hamiero ucciaeJoBaHus 3aKI0YaeTCs B 0000-
IeHUH MH(POPMAIMU 00 OCHOBHBIX MOJATPYIIaX MPOTH-
BOOITYXOJIEBBIX CPEJICTB, UCMOIb3YEMbIX JJIsl BHYTPEHHE-
TO MPUMEHEHUS.

MATEPUAJIBI 1 METO/bI. O6bsekToM uccie-
JIOBaHUS SIBISAJINCH W3BECTHBIE IPOTHUBOOITYXOJIEBHIE
MpenapaTsl, pa3pelieHHble 11 IpuemMa BHyTpsh. Mccre-
JIOBaHHE MPOBOIUIIOCH C UCTIOJIB30BaHUEM TOMCKOBO-HH-
¢dopmanmonneix (eLibrary, PubMed, CyberLeninka,
ResearchGate) u 6ubnuoTeuHbIx 0a3 JaHHBIX, a TAKKE B
TocynapcTBeHHOM peecTpe JIeKapCTBEHHBIX CPENICTB.

PE3VJIBTATBI U1 OBCYXJIEHUE. IIpotusoo-
ITyXOJIEBbIE MPEenapaTsl MOAPa3eNIAIOTCA Ha MSTh TPYIIL:
LO1A ankumupyromue coenunennsi, LO1B antumerabo-
sutel, LO1C ankanounsl pacTUTENBEHOTO IPOUCXOMKACHHS,
LO1D antubuornku u LO1X npoune antuHeoruiactTuye-
ckue mpemnaparsl [15]. B HaTypansHOM >KBHUBaleHTE 3Ha-
yuTebHAas 101 (TToUTH TpeTh) hapMpbiHka Poccuu mpes-
CTaBJIEHA ANKWIMPYIOIUMHU COTUHEHUSIMU (puc. 1).

L 014 Ankunupyrowue coeounenus

AJIKUIUPYIOIIUE areHThl — 3TO CHHTETHYECKHE
MOJICKYJIBI, COZAEpKallhe B CBOEH CTPYKType XJIOopd-
TUJIAMHUHHBIE, AMOKCHUIHBIC, THJICHUMHHHBIC TPYIIIHI,
a TaKKe OCTAaTKM METaHCYIb(OHOBOW KHCIOTHL. Kowm-
IJIEKCHBIE COEAMHEHMs IUIaTMHBI U NPOU3BOJHBIC HU-
TPO30OMOUEBUHBI TOXE OTHOCATCS K ITOH KaTerOpHH.
[To nanHBIM OoduuMaNBEHOTO caiita [pynmbl KoMIaHui
PJIC, cniucok ankuaupyronmx JeKapCTBEHHBIX COEMHE-
Huii Brirouaet 6onee 1000 JIB, koTopeie BBITYyCKaIOTCS
B BHJIEC TIOPOIIKOB, Ta0JETOK, KalCyll, KOHIICHTPATOB M
nuodunmzaros [16]. JI® mpoTHBOOMYXOJICBBIX BEIICCTB
13 TPYTIbI AIKUINPYIOUINX areHTOB, MPeAHa3HaueHHbIE
JUI TIEpOpaJIbHOTO BBEJIEHMSI, 3apErHCTPHUPOBAHHBIC B
rocyaapcTBeHHOM peectpe PO, npencrasienst B Tadi. 1.

Anxunupyromue JIB 005anarT BHICOKOH ITUTOTOK-
cuuHocteio [17, 18].
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Tabnuya 1 — Ilepopansvhbie neKkapcmeennvle Yopmul u3 Zpynnbl aNKUIUPYIOUUX A2EHIN0G,
3apezucmpuposannvle 6 20cyoapcmeennom peecmpe PO

I'pynna Hletictayiouree Toprosoe [IpousBonurens ®dopma BbIITyCKa
BEIIIECTBO HanMEHOBaHHE
LO1AA XJIOpaMOyTIHIT Jleiixepan Acnen @apma TaONETKH, TOKPHITHIC
Amnanoru Tpeimunr JTumurer 0060J104KOi
a30THCTOTO UIPHUTA (Mpnasams); 3A0
XJI0PSTHIAMHHBI I'makcoCmutKnsitn
Tpeiaunr
(Benukobpuranus)
Mendanan AJkepaH Acnen @apma TaONETKH, TOKPHITHIC
Tpeiinunr Jlumuren I[UICHOYHOH
(Upmannust); 3A0 0607109KOi
I'mackoCmutKusiin
Tpeiaunr
(BenukoOpuTanus)
ukiiodochamus DHI0KCaH bakcrep OHkoOTHS | TaOIETKH, TOKPHITHIC
I'v6X (I'epmanust) 000JI0YKOI
LOIAB Oycynbgan Munepan Acnen ®@apma TabJIEeTKH, OKPHITHIE
AnKuiIcyab(pOHaThI- Muenocan Tpeiinunr Jlumuren 000J104KOi
3upbI (Upmanmus); 3A0
JCYIIb(OHOBBIX FHaKcoCE/IHTKHﬂI‘?IH
KHCJIOT Tpetinunr
(BenmkoOpuTanus)
AnCuDH (Poccus)
LOIAD JIOMYCTUH JlomycTia Menak Menax ['M6X KaIlCyJbl
[Tpou3BoaHbIE ( FGDMaHpr
HHTPO30MOYEBHHbI CeeNU Bpucron-Maiiepc KarcyJibl
CkBu66 C.p.o.
(Uranus)
LOIAX poxapOasuH Harynan Curma-Tay KarCyJbl
[Ipoune ankumupyro- OObeTMHEHHBIE
e npenapaTsl (hapMmarieBTHICCKHEC
— METHJITU/IPA3HUHbI- Wuaycrpun C.1LA.
TpHA3UHBI (Wtamus)
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IIpooonicenue mabauywvt 1

JeiicTBytoiiee

I'pynmna
Py BCIIECTBO

Toprosoe
HauMCHOBAaHUC

[IpouzBoaurenn ®dopma BelITycKa

LOIAX
[Ipoune ankumpyro-
IIMe TIPETaparsl
— METHITUIPA3HUHBI-
TpHa3HHbI

TEMO30JIOMHJT

Temo3zomomu

00O «HproBax»
(Poccmst); 3AO
«buokam»
(Poccus); OO0
«APCy» (Poccus);
00O «lIcu-
®dapmay (Poccust);
M.Bbuotek Jlumuren
(Benukobpuranwsi)

KarcCyJbl

Acrtpornud

OAO
«BEPOD®APM)»
(Poccust)

KarcyJibl

Temozomomua-TJI

000 «Texnonorus
snekapersy (Poccus)

KarcyJjbl

Tezamom

000 «KPKA-PYC»
(Poccust)

KarcCyJbl

Te3mozomomua-PYC

000 «Manac Men»
(Poccust)

KarCyJbl

Temo3omomuna-TeBa

Tena
®apmaleBTHYECKIE
IIpennpusitus Jlta.

(13panip)

KarcyJbl

Temomupg

3A0 «DapmapTucy
(Poccus); OOO
«Canpaiiz» (Poccns);
000 «/Ixonac
Okcnonm» (Poccens)

KarcCyJbl

Temmurain

«Anctap A»
(IIBeitapus)

KarCyIIbl

Temoman

lepunr-Ilnay Jlabo
H.B. (benwrus)

KarcyJbl

L 0144 Ananozu azomucmozo unpuma — npenapa-
bl ZPYRnbl XJA0PIMUNAMUHOE

W3ydyenne BO3MOKHOCTH NPUMEHEHHS XJIOPAITHIIA-
MHHOB B KaueCTBE HPOTHBOOITYXOJEBBIX IIPENapaToB
Haganochk B 40-x romax XX Beka I1mocie OO0HapyKEHUs
LIUTOTOKCHYECKOTO JIEUCTBHSI a30THUCTOrO WIIPUTA Ha
muMdounaHbIe TKaHW. B mpomecce CKpUHHMHIA XHMH-
YECKMX AareHTOB OBbLI TONY4YEH LENblil psa MPOHU3BO-
THBIX Au-(2-xmopaTin)-amuHa. 3a mepuox 1961-1970
IT B PE3y/lbTaTe WHTEHCHBHBIX MCCIEIOBAaHUH B MHpE
OBLTO BBIBECHO HA PBHIHOK 755 HOBBIX JIEKAPCTBEHHBIX
CPEICTB, U3 HUX — 27 NMPOTUBOOITYXOJIEBBIX MIPENAPATOB.
Jlunepamu B 3Toi 0OMacTH OBLIH 3apyOeKHBIC (PHPMBIL:
CIIA - 12 mpenaparos, [IBeitmapus — 4, Amonms — 3,
AHrus — 2, @panuus — 2, octajibHble npenaparsl — OPI°
u Uranus.

[epBble nccnenoBaHMs MO MOWUCKY MPOTHBOOITYXO-
JIEBBIX IpenapaToB B Hawed cTpaHe, HauuHas ¢ 1950
roaa, npoBogwinck B MHctutyte oHkosorun um. H.H.
[TerpoBa. OCHOBOIIOIO)KHUKOM SKCTIEPUMEHTAIBHON X1~
MHUOTEpanuu 37I0KadecTBeHHBIX omyxoneil B CCCP Obin
axkagemMuk AMH CCCP Jleonnn ®@enoposud JlaprnoHos,
paboTaBmiii B 00NacTH TOWCKA ANKHIMPYIONIUX IIpe-
11aparoB, MOBPEKAAIOMNX METAa0OIMYECKHE ITyTH OILy-
XOJIEBBIX KJIETOK 3@ CUET HCIIOIb30BAHMUS HE3aMEHUMBIX
METa0OJINTOB B KAau€CTBE HOCHUTENS IUTOTOKCHYECKHX
rpym [19].
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C 1952 1. BemymuM yd4pexjaeHueM, paszpabdaTbiBa-
IOLIUM TIPOOJIeMBbl XMMHUOTEpAINu oryxonei, cran WUH-
CTHUTYT 9KCIIEPHUMEHTAIBHON MAaTOJIOTHH U TEPallK paKa
AMH CCCP (8 Hactosiiee Bpems I'BY « HMUL] onko-
norun uM. H.H. broxuna» Munsapasa Poccun), koTopsrit
Bo3maBwil akagemMuk Hukonail HuxomaeBuu bioxuH.
IIpu ero nognepxke JI.D. JlapnuoHOB OpraHn3oBaj eIuH-
CTBEHHYIO B CTpaHe J1a0opaToOpHIO IKCIIEPUMEHTAIbHOM
Tepanuu omnyxoseil. IlepBblil oTeuecTBEHHbIN Ipenapar
HOBOSMOUXHH  [XJIOPTUAPAT-2-XIJIOPIPONUI-AU-(XI0P3-
THJI)aMHHA], TPOU3BOAHOE XJIOPATUIAMHUHOB, IPOSBUI
AKTHBHOCTb Ha HEKOTOPBIX JINM(OMax.

AHrnuiickumu uccnenoBarensiMu bepreinem u Cro-
koM Ha upme ImakcoCmutKusiiiH cMHTE3UpOBaH Mell-
¢danan  (4-[buc-(2-xnopatui)amMuto|-L-pennnananun),
1 ero ONTHYECKH aKTHBHBIE N30MEpHI, e L-uzomep Bo-
11eJ B MEAUIMHCKYIO TPAKTUKY IO/ Ha3BaHUEM AJIKepaH
[20]. B CCCP B 1953 r. B na6oparopuu E.H. Hlkoaus-
CKO# cuHTe3upoBaH 4-[nu-(2-xiopatui)amuno|-DL-¢e-
HUWJIAJIAaHUH THAPOXJIOPUA (CapKOIM3WH), KOTOPBIA ObLI
u3y4yeH B otraene akaaemuka JI.®. Jlapuonona [21]. B
OCHOBY CHHTE3a 3THX COCIMHEHHUH JIerIo MpennoaoKe-
HHE, YTO BXOJAIIMN B X COCTaB (peHHIIaIaHnH (C allKu-
JTUpYIOMEH TPYyNMoN XJIOpP3TUIAMUHA), MPEAIICCTBEH-
HUK MeJIaHMHA, OYZIET CII0COOCTBOBATH H30UPATEILHOMY
MOIVIOMICHUIO MPENapaToB KICTKAMU MENaHOMBL. XOTd
NOJTyYeHHbIE CYOCTaHI[MM HE ONPAaBIAIM ITUX HAJISK],
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00a COeJMHEHHsI OCTAIOTCSI W3BECTHBIMU CPEIICTBAMH B
MOHOTEpaNuy MHOKECTBEHHOH MHUenoMbl. OHaKo ore-
YECTBEHHBIN M 3apyOeKHBIN ITpenaparsl MMeI Pa3HyIo
cynb0y.

Capkonu3un ObLT BKJIIOYEH B [OCYIapCTBEHHYIO
¢dapmakonero CCCP X wm3nanus u MexIyHApOIHYIO
(apmakornero, HO M3-3a TUIOXOTO KavyecTBa TaOJICTOK |
nHbekronHon JID (cyxas paccelnka) ObUT CHST C TIPO-
n3BojicTBa. HecMoTps Ha IMPEUMyIECTBO HCIIOIB30Ba-
Hust capkoiusuHa (DL-dopma) B BUIE BomopacTBOpH-
MOW XJIOPHCTOBOJIOPOIHOM COJIM JJIsl BHYTPHUBEHHOT'O
BBejieHHs, coBpeMenHast JID Obuta co3naHa TOJBKO CIy-
cts 40 ner [22].

Menganan (L-popma) — Gnaromgapst pa3Buroii dap-
MaleBTHYEeCKON TPOMBIIUIEHHOCTH U (DPMHAHCHPOBAHUS
Hay4yHbIX HccienoBaHuii ¢upmoit [makcoCmutKisiin,
Obutn pazpaboranbl JI® s mpuema BHYTPb B BHJC
TabneTok (2 ¥ 5 M) U JyuIsd BHYTPHUBEHHOTO BBEJCHUS B
BHUJI€ CTEPUIILHOTO ropoiika (50 Mr) B aMITyJie ¥ aMITyJIbl
¢ pactBopurenem. [Ipemapar mox HazBaHueM AJKepaH
OBICTPO BHEJIPWIIN B KIIMHUYECKYIO TIPAKTHKY.

Monekyna mendanana, obnagaeT cBOMCTBaMHU clia-
00ro OCHOBaHUS U MPAKTHUECKH HEPacTBOpHMA B BOJIE.
Ero HU3Kast OMOJOCTYITHOCTH 00YyCIIOBIICHA TNIOXUM BCa-
ceiBanneM B JKKT u 3aBHCUT OT KHCIIOTHOCTH KEITy104-
HOTO COKa KOHKpEeTHOro OosbHOro, mpu 3toM 20-50%
MIPUHSTON J103bI Men(anaHa B TaOJETKaX BBIBOAUTCS K-
IIEYHUKOM B HEeU3MeHeHHOM Buje [23]. M3-3a HepacTBo-
puUMoCTH cyOcTaHInu Melndaniana JHoPUITU3UPOBAHHASL
JI® nsist BHYTPUBEHHOTO MIPUMEHEHHMs1 Oblta pa3pabora-
Ha Tonbko B 1993 . dapMakoKHHETUYECKUE HCCIIE0Ba-
HUSI IPY BHYTPUBEHHOM BBeJIeHUH B j103e 0,6 MI/Kr mMac-
CBl TeJa MOATBEPAWIN €ro BBICOKYIO OMOIOCTYITHOCTB
B BHJIE pacTBOpUMOil ¢popMmbl [24]. B Hacrosimiee Bpems
Mendanan — AJIKepaH NPUMEHSIOT HE TOJBKO BHYTpPb
(TabaeTku), HO W BBOIST BHYTPUBEHHO, BHYTpHAPTEPH-
QJIbHO, BHYTPUOPIOIINHHO, BHYTPHUILIIEBPAIILHO.

Crenytromum npenaparoM pupma [makcoCmutKistitn
BBIITyCTHIIA XJIopamOy1mn — Jlefikepan B Ta0neTkax, Ko-
TOpBIN, KaKk U MeJ(aiaH, SBIsSeTCs apOMaTHIECKUM Mpo-
W3BOJIHBIM a30THCTOrO unpura. Caeayrommil npeacTaBy-
TeJb ATOro KJlacca cuHTeTndeckux JIB mmknodochamun
— DHJIOKCaH UMEET CXOJHYI0 CTPYKTYpy. bonbmioit crien-
NGUIHOCTHIO K 3THM TIpenaparam o0iaatoT sapa KIEeTOK
THIEPIUIa3UPOBAHHOM M TMM(OUTHON TKaHH, Onarogapst
YeMy XJIOPATWJIAMUHBI MPUMEHSIIOTCS MPH reMo0iacTo-
3ax. OmgHako 1mKIOGochamMuI B OMyXOJCBBIX KIICTKAX
TIO/IBEpraeTcst OMOJIOrNUeCcKor TpaHCOpMalMu 10 JIeH-
ctBueM QepmeHToB — (ocdaras, akTUBHBIM MeTaOOIUT
ero uMeet OoJiee MIMPOKUI CIIEKTP MPOTHBOOITYXOJIEBOTO
JICUCTBYS, TIO3TOMY Ipernapar yCHeNIHO HCIOIB3YETCs B
Pa3IMYHBIX CXeMaX KOMOWHHUPOBAaHHON XWMHOTEpAInU
Kak TpH NpUeMe BHYTPb (TaOJETKH, TOKPBITBIE 000JI04-
kot 0,05 1), Tak u B Buae unbekiwu (0,1 u 0,2 T crepuiib-
HOTO TIOpOIIKa BO (pJIaKOHAX).

W36uparenbHOCTh  OMOXMMHYECKOTO TPaHCIIOpTa
METaboJINTa, HECYIIEro pEeaKIMOHHYIO IUTOTOKCHYE-
CKYI0 TpyIly, HoATBepawIa unerw akaaemuka JI.O. Jla-
PHOHOBa O BO3MOKHOCTH CHHTE3a aHTHMETa0oJIUTOB. B

pa3BUTHE ATOTO HANpPABICHUS CUHTE3UPOBAHBI OPUTH-
HaJIbHBIE OTEUeCTBEHHbIe cyOcTaHimu: udenuH (au-
TMIeNTHJT capKoiInM3uHa) U amupoH. Lndenun no cnekrpy
MIPOTUBOOITYX0JIEBOTO AECHCTBUSI UACHTHUYEH CApKOJIU3U-
HY, HO M3-32 TUAPOPOOHOCTH IIMTOTOKCHYECKAs! aKTHB-
HOCTb MPOSIBIISNIACH B YBEJIMUECHHBIX J103ax [25, 26].

AMUPOH, TPOU3BOAHOE THUPOHMHA, MPEACTABISIO-
muid  coboit  DL-o-amuno-P {[N-au(2-xmnopatuin)amu-
HO(EHOKCH |()eHUIT } -TIPONIOHOBYIO ~ KUCIIOTY, — TOXKE
MIPaKTHYECKH HepacTBOpUM B Boxe. s oOecrieueHus
OMOIOCTYITHOCTH THX I'HAPO(OOHBIX CyOCTaHIMH H3Y-
YeHbI pasHble coctaBbl JID, kak 1t npueMa BHYTpPb (Ta-
onetku) [27] Tak W Ui MHBEKIUI B BHJIC JIMITOCOMATb-
HOM aucnepcuu [28, 29].

L01AB Anxuncynvghonamot — rgpuput oucynvgpono-
6bIX KUCTIOM

Hauano coBpemMeHHOH Tepanuu XpOHUUYECKOTO MU-
enoneiiko3a (XMJI) cBsizano ¢ mpumenenueM B 1953 .
Oycynbdana. [To xumuueckoit cTpykrype OycynbdaH oT-
HOCUTCS K OM(YHKIIMOHAJIBHBIM TIperaparaM, yrHeTaeT
TPaHYJIOIUTONO033 U MPUMEHSETCS JUIsl MalJIHaTUBHOTO
JICUCHHsI XPOHUYECKOTO MHeNoJelko3a, Ha3HaYaoT Ipu
WCTUHHOM TOMIIMTEMUH, CCEHIIMATIBHON TpomMOoIuTe-
Mun ¥ Muenopuopose. [Ipenapar HepacTBOpUM B BOJIE.
DKCTIepUMEHTAIFHO U3yYeHa ero MHbeKIMoHHas Gopma
B 40% pacTBOpe MOJUAITUIICHINIUKOIS, KOTOPYIO ex tem-
pore pa3BousAT (PU3NOIOTUUECKUM PacTBOPOM. B kimuu-
Ke TpUMCHSIOT TabieTku Munepan u Muenocas (Ta0ir.
1). OmHako Omaromapsi ycrexaM 3KCICPUMCHTaIbHOM
XMMHOTEPAITUH TIpenapar yCTyIUI IEPBEHCTBO THAPOK-
CHMOYEBHHE M 3aT€M KOMILICKCHOMY JICYEHUIO HHTEp(e-
POHOM C IIUTO3WH — apabuHO3uI0M. B HacTosee Bpemst
XMJI neuar muruOuropamu nporenHkuHassl ([uBek —
nmatuHuO 1 ananorn) [17, 18]. [muBek BbImyckaeTcs B
Karcynax M TabieTKkax, MOKPBITBIX 000J0YKOH.

LO0I1AD IIpou3eoonsie Humpo3omouesunsl

W3ydenne mpon3BOIHBIX HUTPO30MOUYECBUHBI B Kaye-
CTBE TOTCHIMAIBHBIX POTHBOOITYXOJIEBBIX COCTMHEHUH
Havasock eni€ ¢ 60-X To10B MOcIIe TOro, Kak ObUI0 0OHApY-
JKEHO CyIepMyTareHHOE U IMPOTHBOOITYXO0JIE€BOE AEHCTBUE
1-metun-3-autpo-1-aurpo3oryanuauna. K Hacrosmemy
MOMEHTY CHHTE3MPOBaHO 0o0jee COTHHM Pa3INYHBIX MPO-
M3BOJHBIX HUTpO30aKmiIMoueBrHbl (HAM), n3ydena nx
MIPOTUBOOITYXO0JIEBas aKTUBHOCTh M TOKCUYHOCTS [30, 317.

B pesynbrare akTUBHOTO MOMCKAa CHHTE3UPOBAHBI,
W3YYEHBI M BHEAPCHBI B KIIMHUUECKYIO MPakTHKy Kapmy-
ctuH, Jlomyctun, Cemyctun, CrpentozorounH, demy-
ctuld, Humyctun, Panumycrun, Ypamycrun, @noxcypu-
JIMH, a TaKXKe JBa POCCUNCKUX COETUHEHUS — ApaHo3a
n JluzomycTuH. DTN CyOCTAaHIIMU OTIIMYAIOTCS BHICOKOM
arpecCUBHOCTBHIO M XUMHUYECKOI HECTaOMIIbHOCTBIO, T10-
9TOMY HAMOOJBIIYI0 aKTHBHOCTH OHH IPOSIBISIIOT TPH
BHYTPHUBEHHOM BBEJICHUH, @ UHBEKIIMOHHBIE ()OPMBI BbI-
ITyCKAaIOTCsl B BHJE JIMOMUIN3ATOB YISl TPUTOTOBIICHHS
pacTBOpoB ex tempore. V3-3a TEXHOJOTHUECKON CIOXK-
HOCTH co3iaHust cTadbmibHbIX JID mis mpuema BHYTPb
€IMHCTBEHHBIMH TIperiapaTaMy JaHHOH IPYIIIbI, BBOIH-
MBIMU NEPOPaNbHO B BUJE Karcyll, SBisAtoTcs JlIoMmycTuH
u CemycruH [32, 33].
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B nuteparype omucaH psj ciydaeB NPUMEHEHHS
JlomycTrHA B MOHOTEpAITMH WIN B KOMOUHAIMH JIJIS JIe-
YEeHUS] METACTAaTUYECKOH MEJIAHOMBI C JUTUTEIHLHON BbI-
YKMBAaEMOCTBIO TMaIlEHTOB. B cilyuae nmpuMeHeHUs! KoM-
OMHAIMY C TPOKapOa3MHOM U BUHKPUCTHHOM Y JIBOUX M3
40 nanueHToB B TeueHue 6—6,5 neT HabIrogaNIach IMoJ-
Has pemuccusd [33]. Kpome toro, JlomycTuH nokasaH B
KOMOWHAIIMHY C IpyTUMH ITpenaparam JUis JISUSHHsI paKa
JKEJTY/IKa, TOJICTON M MPSIMOM KUIIKH, Jierkoro [30].

CeMyCTHUH IO XUMHUYECKOH CTPYKTYpe OYEeHb OIHU30K
k JloMycTHHY 1 OTIIM9aeTCs OT HEro BCEro OJ{HOH J10IoII-
HUTEJIBHON METHIIBHOW TPYIIION, OJJHAKO 1ociie 00Hapy-
JKEHUsI Y HErO BBIPa)KEHHBIX KaHIIEPOTCHHBIX CBOICTB OH
OBLT CHSIT C TIPOU3BOJICTBRA.

L01AX IIpouue ankunupyrowue azenmol. Tpuazunut

TpuaznHbl OTHOCSTCS K HEKJIACCHUECKUM aJIKHITHPY-
IOLIMM areHTam, ObICTPO BCACBIBAIOTCSI M JIETKO MPOXO-
JIIT Yepe3 reMaTo3HIehaindecKuii bapnep.

[IpeacTaBuTeNh METHITHAPA3MHOB — IMPOKapOa3uH
HaKalJIUBaeTCs B OINYyXOJEBOH KJIETKE M MOJ €ro Aei-
CTBHEM B OpraHM3Me IPOUCXOOUT 00pa3oBaHHE Iepe-
KHCH BOJIOpOJIa, KOTOpasi NMpH B3aUMOJCHCTBHU C TKa-
HEBBIMH OE€JIKaMH BJIMSET Ha TUIOTHOCTh CIHMPAIH3aLUH
mozsekyinsl JIHK. Kpome toro, mpokap6a3un Onokupyst
AKTMBHOCTh MOHOAMHHOKCH/Ia3bl, CIIOCOOCTBYeT Ha-
KOIUICHHIO THPaMHHA, YBEJIWYEHHIO HOpaJpEHAMHA B
CHMITaTUYECKUX HEPBHBIX OKOHYAHMSIX W TOBBIIICHHIO
apTepuanbHOro aapicHus. CTaOWIBHOCTh XMMUYECKOM
MOJIEKYJIbI TTO3BOJISIET MPUMEHSTh NPOKapOa3uH BHYTPb
B Karicyrnax.

Temo3zonmomu Toxke Jierko BcachiBaeTcss u3 JKKT,
IIPOHUKAET B CIIMHHOMO3TOBYIO >KUJIKOCTb, IIPUMEHSETCS
B BH/IE KarICyJI ITPY 3JI0KaYECTBEHHOW IIMOME U B TIEPBOM
JIUHUM Tepaluy pacIpoCTPaHEHHOM MeTacTazupylomen
3JI0KQYeCTBEHHOW MenaHoMbl. [Ipenapar BbITycKaeTcs
MHOTHMH 3apyOe)KHBIMH U OTEUECTBECHHBIMH (hapMmaries-
THYECKUMHU (pUPMaMH.

L01B Anmumemabonunol

C uenblo yBENMYUTH HM30MPATENLHOCTH JCHCTBHS
JIB mpoBeneH paliMOHaNbHBIN IMOMCK ITUTOTOKCHYECKUX
COC/IMHEHUH ISl TTOBPEKACHHUS METa0OIMUECKUX TPO-
LIECCOB B OITyXOJICBOI KileTKke. B kauecTBe aHTHMETa00-
JIITOB CHHTE3MPOBAHBI CTPYKTYpHBIEC aHAIOTH (OINEBOM
KHCJIOTBI, IyPUHOB U MHUPUMHUINHOB, IIUTOCTATHYECKOE
JICWCTBHE KOTOPBIX CBS3aHO C HAapyIICHUEM CHUHTE3a HY-
KJICMHOBBIX KHCIIOT.

LO01B A Cmpykmypnute anano2u ¢honuesoii Kucio-
mul

[Inpoko mprMEHSIeMBIH B KIMHUYECKOH MpaKTHKe
METOTpEKCaT pacriojaraeT NIMPOKUM CIIEKTPOM IPOTH-
BOOITYXOJIEBOW aKTUBHOCTH KaK NPU HHBEKIHOHHOM,
TaK W MpH NepopaiibHOM criocobe BBeneHwus. J{is npu-
eMa BHYTpb BBIITYCKaeTCsl B BHJE TAOIETOK, MMOKPBITHIX
obomoukoii [34]. HoBbie mpenapaTsl 3TOro Kiacca - Paj-
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turpekcus, [lemerpexena u [Ipanarpekcar nelicTBEHHBI
TOJIEKO TIPH BHYTPUBEHHOM BBEICHHH.

L01B B Aumazonucmul nypunos

OCO0EHHOCTh  MEXaHH3Ma IPOTHBOOITYXOJICBOTO
JIeHCcTBUS MEPKANTOITypHHA B TOM, 4TO MoJiekyna JIB ak-
TUBHPYETCS] B TKaHSX. AKTUBHBIH METa0OIUT yrHETaeT
CHHTE3 HYKJICHHOBBIX KHCJIOT OCOOCHHO B OBICTPO JIeisi-
LIUXCS KJIETKAaX OMyXoJie U KOCTHOro Mosra. [Ipemapar
9 eKTHBEH NpH PUEME BHYTPb U BBIITYCKACTCS B BHJIC
Ta0JICTOK, MOKPHITHIX 000TOUKOH.

CTpyKTYpHBIH aHAJNOr MEpKaNnTOIypUHAa — THOTYa-
HUH, niepopaibHas popma ero Jlansuc (Lanvis) — Tadmner-
ku 40 mr Beimyckaercs [ makcoCmutKistiin (BenukoOpu-
tauus) [34].

HoBble npemnapars! NPUMEHSIIOTCS TOJILKO B BU/IE MH-
¢ys3uit — knodapabun u Henmapadbun. Hanbonee crabuiib-
HbIE CYOCTaHIIMM KIapuOuH U (QygapaOuH BBOJAT Kak
WH(Y3UOHHO, TAK U BHYTPb B BU/IE TAOJIETOK, IIOKPHITHIX
00o0oukoif. CaMbIM pacrpoCTpaHEHHbIM TOKa3aHUEM
JUIsl IPUMEHEHHs aHTarOHUCTOB TypHUHA B OHKOJIOTHYe-
CKOM NIPaKTHKE SBJISICTCS JICUCHHE JICHKO30B.

L01B C Ananozu nupumuounos

[upoxo nzsectusie JIB ¢ropypaunn, Teradyp, nu-
TapabuH ¥ Jp. SBISIOTCS aHTUMETA0OIMTAMH ITUPUMH-
JIUHOBBIX OCHOBAaHHWM (IIUTO3MH, TUMHH, ypalui), BXO-
JUSIIUX B COCTAaB HYKJICOTHIOB. B OmyXoneBbIX KileTKax
sti JIB mpeBpamaiorcs B akTHBHbIE HHTHOUTOPHI (hep-
MEHTOB — THMUIMJIATCUHTETAa3bI (PTOopyparmi 1 ero aHa-
JoTH, pantutpekcun u np.), JJHK-noaumepass (iurapa-
OuH), pHOOHYKIEOTHAPEIYKTa3bl (TUAPOKCHKApOaMu
U JIp.), YYaCTBYIOIINX B CHHTE3€¢ HYKJICHHOBBIX KHCIIOT
[35].

W3-3a rutoxoii OMOOCTYITHOCTH TIPH IPUEME BHYTPb
(dTopypalu BBOAST BHYTPUBEHHO. AHaJOr (hTOpypanu-
na teradgyp Toxke oOJlalaeT CBOMCTBAaMHU TPOJIEKApCTBa,
HO MEHee TOKCHYEH, a Takxke d(dexTHBeH npu npueme
BHYTpb B KarlCyJax.

[IpencTaBuTenb ATOrO Kiacca - KarnenuTaduH OTIIN-
YaeTcsl BBICOKOH JIMMTO(PHUIBHOCTBIO, YIOTPEOIsIeTCs Kak
NepopaibHBIM IUTOCTAaTUK B TabieTkax. B medeHu mox
BiIMsIHHEM TUMHAMHpOochopunassl JIB npespamaercs B
AKTHBHBII META0OHT, KOTOPbINA M30MpaTeIbHO HAKAIUIU-
BaeTcs B TKaHAX omyxoiu [34, 36].

JIB 3ol rpymisl iuTapabuH 001agaeT mpoTHBOJICH-
KO3HOW aKTMBHOCTBIO. O/IHAKO BCIEACTBHE XMMHUUECKOM
JaOMIIBHOCTH 3TOTO COCAMHEHHUS BO3MOXKEH BBIIYCK
TOJIBKO WHBEKIMOHHOW JID B Bume nuodwimsara s
TIPUTOTOBJICHHS PACTBOpA.

[TporuBooIyxoseBasi akTHBHOCTh THAPOKCHKapOa-
Muza (TMAPOKCMMOYEBHHA) 00yclloBIeHa WHIMOMpOBa-
HUEeM (pepMeHTa puboHyKiIeoTuapenykrassl [34]. [Ipeu-
MymiecTBoM 3toro JIB sBisiercst To, 4To mpenapar mnpu
MpreMe BHYTPb B BHJIC KaIlCyJl XOPOIIO abCcopOupyeTcst
n3 JXKKT u ObIcTpO MPOHMKAET B TKAHH.
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Taénuya 2 — Ilepopanvnsie nekapcmeeHHble opmbl U3 ZPYRIbLI AHMUMEMADOIUNOE,

3apezucmpupoeantsle 8 20cyoapcmeennom peecmpe PO

. Toprosoe dopma
I'pynna JlelicTByrolee BEecTBO IIpousBonurens
HANMMCHOBAHUC BBIITYCKa
LOIBA Mertotpekcar Mertotpekcar [TAO «Banenta ®apm» TabJeTKH,
CTpyKTypHEIE (Poccust) TTOKPBITHIC
aHAJIOTH (OITHEBOH 0007109KOM
KHCJIOThI
LOIBB Mepxkanronypus Mepkanronypun-uatus| OOO «Harusay (Poccus) Ta0JICTKH
CTpyKTypHEIE ITypu-Heton Acnien ®apma Tpeliguar
aHAJIOTH ITyPHHOB Jlumuren (Mpnanaus)
I'makcoCmutKostiin I'M6X
u Ko.KT" (I'epmanus)
MepxkanrormmypuH 000 «Owmenay» (Poccus)
PVII «benmennpenapars»
(Pecniyonuka Benapyce)
Tuoryanus — JlanBuc I'maxcoCmutKistita
(Lanvis) Tabmetku 40 Mr Tpeiauar
(BenukoOpuranms)
CTpyKTypHEIE OnynapadbuH Hapbunec AO «®apmacuaTre3-Hopm» | Tabmerkw,
aHaJIOTH aJIeHuHA (Poccus) TTOKPBITHIC
Oynapaden ITAO «®apmcunTe3» 000JI04KOI
(Poccus)
Dnugapux 000 «Harusay (Poccus)
Oynapabun-TJI 000 «TexHonorus
nexapctsy (Poccus)
Dnyrapaa 3A0 «bMMOKAJI» (Poccus)
LO1BC Teradyp DOTOPADYP AO «I'punpexc» (Jlarust) KarcyJsl
CTpyKTypHEIE Teradyp+[ Yparwmn] YOT Mepk KI'aA (I'epmanusi)
AHATIOTH Teradyp+ Teticyno Hopauk ['pyn B.B.
IUPUMHIMHOB [Iumeparun+ (Hunepnannpr)
Oreparui]
Kanennrabun Kamnermradnn 000 «Atosm» (Poccust) TaOJICTKH,
000 «/Ixonac DKCIOUM» | [1OKpHITHIE
(Poccus) [UICHOYHOM
3A0 «ApCuAii Cunres» 060IOUKOIA
(Poccus)
AO «DapmacunTes-Hopa»
(Poccus)
3A0 «bMMOKAJI» (Poccus)
Kanamerun ®C 000 «Harusay (Poccus)
Kcanpooun Anworen UKo C.a.p.m.
(JTroxcemOypr)
T'uapokcukapbamug Tunpokcukapdoamun- | OOO «Harusa» (Poccus) KarCyJsIbl
HATHB
T'mopoxcukapbamu- 000 «BEPODAPM»
JIDHC (Poccust)
000 «JIDHC-®apm»
(Poccus)
I'mnpokcuypea Tesa ®apmaneBTudyecKue
[Ipennpustus Jlta.
(U3paunis)
T'unpokcukapdbamun | Memak ImM0X (I'epmanus)
MeJIaK
T'mapea Bpucron-Matiepc CkBu66
C.p.JI. (Mranus)
00O «bpucron-Maiiepc
CxBub0» (CLIA)
I'unpea Bbpucron-Maitepc CkBu66
komnanuu (CIIIA)
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B menom, aHTHMETa0ONUTHI 00Jagal0T Kak BbIpa-
JKEHHBIM ITUTOTOKCHMYECKUM IPOTHBOOITYXOJIEBBIM JEH-
CTBHEM, TaK M HMMYHOCYIPECCHBHBIMH CBOWCTBaMH
(MeToTpekcart, nuTapabuH H JIp.).

LOIC IIpomusoonyxonegvie npenapamol pacmu-
MeNnbHO20 NPOUCX0IHCOCHUSA

L01CA Ankanoudwl 6apeunka u ux ananozu

[Inpokoe MprMeHEHUE B KIMHUKE HAIUIM IIPOTHBO-
omyxonesble JIB pactutenbHOro npoucxoxaeHus. M1s-
BECTHO, YTO AHAJOTWYHBIC I10 XUMUYECKOH CTPYKType
BUHKAaJKaJOUIbl (BUHOIACTHH M BUHKPUCTHH) pa3Jiu-
YaloTCsl MO CIEKTPY HPOTHBOOITYXOJIEBOTO NEHCTBHS H
o0JaarT pa3HeIMU MoOOYHBIME d(dekTamu. O6a mpe-
rapara B BH/I€ BOJIHBIX PACTBOPOB NPUMEHSIOTCS TOJIBKO
JUISl BHYTPUBEHHOTO TIyTH BBEJICHMS, TaK Kak cyOcTaH-
LUK Pa3pyIIaoTCs IPU PHEME BHYTPb.

HoBelii npemnapar BUHOPEJIOWH SIBISIETCS! MOJTYCHH-
TETUYECKUM ITPOM3BOIHBIM BUHOIACTHHA, O/THAKO (hpaH-
my3ckoit gupme I[lbep ®abp ymanoch co3marh Kpome
UHBEKLIHUOHHBIX PacTBOPOB IepopaiibHyo JID. Baimy-
CKaeTcs Ipenapar B BU/Ie MATKHX JKEJIATHHOBBIX KariCyJ,
coziepKalMX B3KUH, MPO3padyHblii pacTBop. st cradu-
JIU3alUy JEeHCTBYIOIIEr0 BEIIECTBA B COCTaB PacTBOpa
BBEJICHBI OC3BOHBIN ATaHON, IHIlepUuH U Makporon 400.
[epopanbuas JI® BuHOpenOuHa odbecreunBaeT ObICTPYIO
abcopoumio JIB u3 XXKT, abconrorHas OMOIOCTYITHOCTD
(Cmax) mocruraercs B cpenHeM 3a 34. [lpumenenue
npemnapara BHyTpb B 103ax 60 u 80 Mr/M> COOTBETCTBYET
BHYTPUBEHHOMY BBEJICHUIO aJIKajouaa B go3ax 25 u 30
mr/m?. [Ipu 3TOM KOHIIEHTpAIUs JCHCTBYIOIIETO Bellle-
crBa B Jierkux B 300 pa3 mpeBblaeT KOHLIEHTPALUIO B
rutasme. M30uparenbHOe HaKOIUIEHHE BUHOPENIOWHA B
JIETKUX TTO3BOJISIET C YCIIEXOM MPUMEHSTH €ro IPH OIy-
XOJISIX JAaHHOM JIOKaIM3aluy.

LO01CB Taxcanwt

JlpyruM MexaHu3MOM JICHCTBUSI Ha MHKPOTpPYOOU-

KOBBIW ammapar KJIeTKH oOnajnaror Takcansl. JIB aToit
IpYIIBI 001aJal0T O4€Hb HU3KOH PACTBOPUMOCTHIO KaK B
BOJIE, TAK U B JIMIKMAX U, KaK CICACTBUE, ¢J1aboii Onomo-
cTynHOCThI0. JI® TakcaHOB CO3/IaHbI C UCTIOIB30BAHUEM
OpPraHMYeCcKHUX pacTBOPHTEICH, KOTOpBIE Nepe]l BHYTPH-
BEHHBIM BBCJICHUCM Pa30aBIsiOT B 5% pacTBOpE IIHOKO-
36 M BBOJATCS KallelbHO ¢ Ipemenukaiuei. CrenaHo
MHOTO HOMNBITOK YAy4luTh nmerommecs: JIO, Ho moka
HET MyOJMKAaIii, B KOTOPBIX OMHCaHBI HpernapaTsl s
npreMa BHYTPb.

HoBoii MHIIIEHBIO TPOTUBOOITYXOJIEBOH JIEKAPCTBEH-
HoU Tepanuu ctanu B 1970-x rr cTanu GpepMeHTs! Tono-
n3omepasa | u Tononsomepasa I, kourponupyromue pe-
rumkanuio ¥ tpanckpunuuio JJHK. 3a atum oTkpbiTHeM
B pe3yJsibTare MMPOKOTO CKPUHUHTA MOCIIEA0BAJIO MTOSIB-
nenue psna JIB uHrnoutopos toronszomepassl 1 gepu-
BaThl KAMITOTEIMHA M TIOJYCHHTETHYECKHE CYOCTaHIIUH
— UPUHOTEKaH (aKTHBEH IPU KOJOPEKTaJIbHOM pake) U
TOTNOTEKaH (aKTUBEH IPH PE3UCTEHTHOM K ITPOU3BOTHBIM
IUIaTHHBI pake snyHuKoB). [Ipenaparsl xopomo pacTBo-
PHUMBI B BOJIC, HO HEA((PCKTUBHBI [IPH IPUEME BHYTPb.

[TonycuHTEeTHYECKIE IPOU3BOIHBIE IO0(PHIIIOTOK-
CHHOB: JTOINO3MJ — IJIMKO3MIHBIA JIEPUBAT JKCTPAKTa
Manaperopsl (Podophyllum pellatum) n TeHUTIO3U] 5B-
JISIFOTCSl KHTUOMTOpaMu Toronsomepassi 11.

HepacTBoprMBIil B BOZIE 3TOMO3M[ XOPOIIO BCACHI-
BaeTCs TIPH IpueMe BHYTpb. [Ipenapar BblycKaeTcst Kak
JUIsl BHYTPUBEHHOTO BBEJICHUS (PAacTBOP B OPraHUYECKHX
pacTBOPHTEIISIX ), TAK U JUISl IPHEeMa BHYTPb B BUJIE KarlCyll.

Tennnosus Toxxe HEpacTBOPHM B BOZIE, HO Oiarojapst
BBICOKOH JIMIO(QMILHOCTH, MPOHHUKAET Yepe3 reMarTodH-
nedannueckuid 6apbep. s BHYTPHBEHHOTO M BHYTpH-
ITy3bIPHOTO BBEJICHUS CO3/1aHa MHbeKIMoHHas JID B Buje
pacTBopa B OpraHM4YeCKOM pacTBOpPUTEIIE, TIepe]l IpuMe-
HEHUEM KOTOpasi pa3BOmUTCS B 5% pacTBOpE IIFOKO3BI
[39].

Tabnuya 3 — Ilepopanvhusie JID npomueoonyxoneevix npenapanos paAcmMumenbHozZo RPOUCXoNcOeHus

I'pynna JelicTByrolee Toprosoe IIpousBoaurens ®opma BblITyCcKa
BEIIIECTBO HaMEHOBAHUE
LOICA BHHOPEIIONH Hagens0un [Ieep Dabp KarCyJbl
Ankanonnsl bapBUHKA MenukaMeHT
[Iponakun, @panuus
LOICB STONO3U] Oromno3ua OKASA PHARMA | xkamcynsl
[MomoduimoToKCHHBI Ltd. (Uunus)
CunTeTndeckue Jlacter Hunmnon Kaiisaxy Ko.
TIPOU3BOJHBIC JITn, Slnonust
1010 UITIOTOKCHHOB Benesun Bristol-Myers Squibb
Company (CIIA)

LOID IIpomugeoonyxonegvie anmuouomuxu

Hauunas ¢ 1963 . B pe3ynbTrare CKpUHHHIA IPOLYK-
TOB XM3HEIESATEIbHOCTH MUKPOOOB OBIJI OTKPBIT IIEIIBIH
psin 3 (HEKTUBHBIX XUMHOTEPANIEBTHYECKUX MPOTHUBOO-
myxoneBbix JIB [38]. OnHako B COBpEMEHHON XMMHOTE-
panuy NpakTUYECKOe NIPUMEHEHUE UMEIOT aHTPALUKIH-
HBI, OJICOMUITMH, TAKTHHOMHUIIMH U MUTOMHIIMH [39]. Ha
CErOJHSIIHUN JEeHb U3 BCEX aHTPALUKIMHOB ISl EPO-
paNbHOIO MPUMEHEHHUS! BBITYCKAIOTCS TOJIBKO KaICyJIbl
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Wnapyoununa (Pyouna, OAO «BEPODAPM», Poccus);
3asenoc, Hep®apMa C.p.xr., Utamms).

B nocnenHue rogpl crieqUaIucTaMi OTMEYaeTcs Cy-
IIECTBEHHBIN Tporpecc B OOpbOE ¢ OHKOJIOTHYECKUMHU
3a00JIeBaHUSIMU, KOTOPBI CTal BO3MOXKECH BCJICACTBUE
LIEJIOTO psifia PEBOJIIOLMOHHBIX OTKPBITHH, CBA3aHHBIX C
MOJIEKYISIpHOI Omonorueii. braromaps ycmexam Onorex-
HOJIOTHHU CTall0 BO3MOXKHBIM CO3[aBarh IPEHapaThl I
OHOJIOTHYECKOr0 MeTo/Ia JICYeHHs 3JI0Ka4eCTBCHHBIX 3a-
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OoneBaHU. DTH MCCIIEN0BaHMUs OypHO Pa3BUBAIOTCS KaK
3a pyOekom, Tak u B Haieil crpane [40—50]. YuuteiBas
TO, 4TO Ipenaparsl, peHa3HadYeHHBIE ISl ONOTEepaIuy
HOBOOOpa30BaHMUii, B CBOEH OCHOBE OEIIKOBOTO IPOHC-
XOXKICHUS, UCKIIIOUaeTcsd BO3MOXKHOCTh co3faHus JID
JUIS IpreéMa BHYTPb.

3AKVIIOUEHHUE. TakuM 00pa3oM aHAIU3UPYs ap-
CeHaJl IIMTOTOKCHYECKUX MpernaparoB, MPHUHAICKAIINX
k ocHoBHBIM rpynmnam ATX LOI, cienyer OTMETUTb, 4TO
nepopanbhble JID g mHOorux JIB He Bcerna akTyasbHbI
n3-3a paspymenus ux B XKKT. M3BectHo, uTo mpotuso-
OITYXOJIEBBIE CYOCTaHIMM XapaKTEePU3YIOTCS BBICOKOM
XMMHYECKOH JIaOMIBHOCTBIO, OHU (DOTOUYBCTBHUTEIBHBI,
TEpMOJIAOWIIbHBI, TUTPOCKONMYHBI W THIPOJIUTHYCCKH
HeycToW4MBBL. DTH cBocTBa mpucymu JIB B pa3Hoii cTe-
MIEHU U OCIIOXKHAIOT KaK IOJydeHHE BOCIPOU3BOAUMOIO
TepaneBTHYecKoro adexra npu npuemMe BHYTpb, TakK H
TexXHOJIOTHUYeckre mpouecchl npu Belmycke JID. Kpome
TOTO, MPOTHBOOITYXOJIEBBIE Tperaparsl 00Ja jaloT MyTa-
T€HHBIM, TEPATOTEHHBIM, a TaK)Ke CEHCUOMIM3UPYIOINM

U aNJIepru3UpyromyM AeHCTBUEM, OTIMYAIOIUM HX OT
ocranpHOro apceHana JIB. M3-3a orcyTcTBHs 10OCTATOU-
HOM WM30MPaTeNbHOCTH MPOTHBOOITYXOJIEBOTO JEHCTBUS
yKa3aHHBIX IMTOTOKCUYECKHX TPErapaToB ¥ HEOOJbIIOH
HIAPOTHI (PapMaKOIOrHYecKoro 3¢ pekra HeoOXOqUMO HC-
nons3oBanue JIO, obecrieynBaronuX KOHTPOJIb JOCTABKH
JIB B opraHm3M, TOYHOCTb JO3MPOBKU U CTaHJAPTHYIO
OuomoctynHocTh. OUeHb BaXKHYIO pojib B jocraBke JIB
Kk Mecty nopaxenust urpaet JI®. Tak kak JIB Tonpko B
BUJIE pacTBopa MokeT abcopoupoBarbest n3 KKT, moxHO
TIPEJIIONIOKHUTh, YTO OMOIOCTYITHOCTb €T0 J0JKHA YMEHb-
1IaThCs B CIEAYIOIIEM MOPSIKE: PacTBOP — CYCIEH3US —
KarcyJbl — TabJIETKN — MOKPBIThIE 00O0JIOYKON TalbIeTKu.
[TosTomy Gonbliryro posis B buogoctymHoctd JIB urpaer
xomnosurus JID, ucrnonab30BaHHBIE BCIOMOTraTelIbHbIC
BEIIIECTBA, UX KOIMYECTBO M KAaYECTBEHHBIE XapaKTepH-
CTUKU. YUHTBIBasl BBICOKYIO TOKCHYHOCTH MPOTHBOOILY-
XOJIEBBIX MPENaparoB, Al CHI)KEHHS MECTHOTKAHEBBIX
peakiyii pu NpHeMe BHYTPb, 0053aTeNIbHO CO3/IAIOTCS
Karicyssl 1 TablIeTKH, TIOKPBIThIE 000I0YKOM.

INTRODUCTION. Drug therapy of tumors is a
relevant section of modern medicine. Despite numerous
attempts of tumors biotherapy, chemotherapy remains
one of the main methods of treating cancer patients.
Currently, more than 100 antitumor substances have
entered clinical practice. Since the creation of original
drugs is becoming more expensive, researchers have
begun to pay more attention to improving the properties
of already known drugs. The decrease in the effectiveness
of scientific research on the creation of fundamentally
new drugs means a high risk for long-term investments,
as well as a wide range of cheap generics stimulate the
development of original optimized dosage forms (DF) of
known medicinal substances [1].

The ability to deliver a active pharmaceutical
ingredient (API) to the lesion, the peculiarity of its
interaction with the body is mainly determined by a
rational route of administration. In turn, the type of
DF determines the order of drug interaction with the
body systems. The effectiveness of the delivery of
an active drug to a tumor depends on a number of its
physicochemical and biological properties, which limit
technological capabilities when creating injection DF
due to the hydrophobicity of the drug, high toxicity or the
appearance of side-effects such as local tissue reactions.
Antitumor drugs are highly reactive compounds;
therefore, they are easily hydrolyzed and oxidized in
aqueous solutions, their effect depends on pH of the
medium [2]. When ingested, the drug interacts with the
biological fluids and tissues that are in direct contact with
it upon administration. The rate of appearance of the drug
in the circulatory and lymphatic systems, the distribution
in organs and tissues is directly dependent on the route
of administration of DF [3]. For the DF created for each
route of administration, there are special requirements
that are laid down in special general articles included into
State Pharmacopoeias and other regulatory documents.

Oral administration of drugs is the most natural

and convenient, it is the most common method of drug
administration in the human body. About 75% of drugs
that have the ability to be absorbed in the gastrointestinal
tract within 1-3 hours after administration are orally
administered. The oral route is a type of an enteral route
of drug administration, which also includes sublingual,
buccal and rectal administrations. Solid DF are the most
common due to the relative simplicity of their production,
convenience of use, dosing accuracy and high stability [4,
5]. Therefore, the main pharmaceutical companies often
reproduce generics in the form of tablets and capsules for
oral administration.

When developing oral DF, there is a problem of low
bioavailability of drugs, which depends on a number
of factors: water solubility, permeability, dissolution
rate, metabolism and excretion. Besides, for both
parenteral and for enteral DF, the solubility of a drug
substance is a very important parameter that ensures the
achievement of the desired therapeutic concentration in
the systemic circulation and, accordingly, the required
pharmacological effect [6—8]. The effectiveness of
the oral route of administration depends on both
— the pharmacokinetic parameters of the drug (the
physicochemical properties, the rate of absorption and
the time to reach the maximum concentration, the half-
life of the drug) and the physiological properties of the
body: changes in pH in different parts of the digestive
system, the surface area from which the drugs are
absorbed, perfusion of tissues of the digestive system,
excretion of bile and mucus, properties of the membranes
of the cells of the epithelium of the gastrointestinal tract
and other physiological processes owls occurring in the
digestive system.

Poorly soluble drugs have to be administered orally in
large doses in order to achieve therapeutic concentrations
in the blood, which is a problem that complicates the
development of DF for new drugs. In order for the drug
to be absorbed into the bloodstream, the drug must
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reach the absorption zone as a solution, therefore water
is the solvent of “choice” for DF. Poorly soluble drugs
are poorly absorbed and are characterized by unstable
bioavailability. Due to the variability of bioavailability
when administered orally, it is difficult to calculate the
therapeutic dose to ensure the required concentration in
the blood. Therefore, the problem of drug solubility is the
main problem of technologists [4, 9].

There is a scientific biopharmaceutical classification
system (BCS), which divides API into 4 classes basing
on their solubility in water and intestinal permeability.
Poor solubility and low dissolution rate of poorly soluble
drugs in gastrointestinal fluids significantly reduces their
bioavailability. However, for API 1I class (LSHP) (low
soluble with high permeability), bioavailability can be
increased by increasing the solubility and dissolution rate
of the substance in gastrointestinal fluids [10]. Currently,
technological approaches are widely used to increase the
solubility of poorly soluble or insoluble drugs [11-13].

The problem of creating highly effective original
anticancer drugs is still a topical area of research [14]. It

is known that the intravenous route of administration is
most appropriate for active antitumor drugs [2]. However,
among the anticancer drugs ATX LOl (anatomical,
therapeutic and chemical classification) DF for oral
administration occupy a special place.

THE AIM of the research is to compile information
on the main subgroups of anticancer agents used for
internal use.

MATERIALS AND METHODS. The object of the
study was well-known anticancer drugs approved for oral
administration. The study was conducted using search
information and library databases (eLibrary, PubMed,
CyberLeninka, ResearchGate), as well as State Register
of Medicinal Remedies.

RESULTS AND DISCUSSION. Antitumour drugs
are divided into five groups: LO1A alkylating compounds,
LO1B antimetabolites, LOIC vegetable alkaloids,
LO1D antibiotics, and LO1X other antineoplastic drugs
[15]. In the natural equivalent, a significant proportion
(almost a third) of the Russian pharmaceutical market is
represented by alkylating compounds (Fig. 1).

120 -
| Alkylating drugs
100 - y g g
80 - _
W Antimetabolites
60 -
a0 - Vegetable alkaloids
20 -
M Antibiotics
0 A I 1 I
2008 2009 2008 2009
|n phys|ca| terms In terms Of Value [ | OtheI’S

Figure 1 — Equity proportion of various groups of anticancer drugs in terms of sales

L 01A4 Alkylating compounds

Alkylating agents are synthetic molecules
containing chloroethylamine, epoxy, ethyleneimine
groups, as well as residues of methanesulfonic acid
in their structure. Complex compounds of platinum
and nitrosourea derivatives also fall into this category.
According to the official website of the Radar Group
of Companies, the list of alkylating drug compounds
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includes more than 1000 drugs, which are available
in the form of powders, tablets, capsules, concentrates
and lyophilisates [16]. DF of anticancer substances
from the group of alkylating agents are intended for
oral administration, registered in the State Register of
Medicinal Remedies of the Russian Federation and are
presented in Table 1.
Alkylating drugs have high cytotoxicity [17, 18].
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Table 1 — Oral DF from the group of alkylating agents registered in the State Register
of Medicinal Remedies in the Russian Federation

Group

Active substance

Trade name

Manufacturer

Release form

LOIAA
Analogs of nitrogen

mustard chloroethyl-

amine

Chlorambucil

Leukeran

Aspen Pharma
Trading Limited (Ire-
land);

CJSC GlaxoSmithKline
Trading (Great Britain)

Coated tablets

Melphalan

Alkeran

Aspen Pharma Trading
Limited (Ireland); CJSC
GlaskoSmithKline Trad-

ing (Great Britain)

Film coated
tablets

Cyclophosphamide

Endoxan

Baxter Oncology GmbH
(Germany)

Coated tablets

LOIAB
Alkylsulfonate-
disulfonic esters

Busulfan

Mileran
Mielosan

Aspen Pharma Trad-
ing Limited (Ireland);
CJSC GlaxoSmithKline
Trading (Russia) ICN
(Russia)

Coated tablets

LOlad
Nitrosourea
derivatives

Lomustine

Lomustine medak

Medak GmbH
(Germany)

Capsules

CeeNU

Bristol-Myers Squibb
S.R.L. (Italy)

Capsules

LOIAX
Other alkylating
agents — methyl
hydrazines-triazines

Procarbazine

Natulan

Sigma-Tau United
Pharmaceutical Industries
S.p.A. (Italy)

Capsules

Temozolomide

Temozolomide

NewVac LLC
(Russia);ZA0O Biocad
(Russia);LLCARS
(Russia);
Psi-Pharma LLC
(Russia); M. Biotech
Limited (UK)

Capsules

Astroglyph

OJSC "VEROPHARM"
(Russia)

Capsules

Temozolomid-TL

Drug Technology LLC
(Russia)

Capsules

Tesalom

KRKA-RUS LLC
(Russia)

Capsules

Tesmozolomid- RUS

Manas Med LLC
(Russia)

Capsules

Temozolomid-Teva a

Teva Pharmaceutical
Enterprises Ltd. (Israel)

Capsules

Temomide

ZAO Farmartis (Russia);
Sunrise LLC (Russia);
Jodas Expoim LLC
(Russia)

Capsules

Temzital

Anstar AG"
(Switzerland)

Capsules

Temodal

Schering-Plow Labo N.V.
(Belgium)

Capsules

L 014A Analogues of nitrogenous mustard — drugs
of the chloroethylamine group

Thestudy ofthe possibility ofusing chloroethylamines
as anticancer drugs began in the 40s of the 20th century
after the discovery of the cytotoxic effect of nitrogen
mustard on lymphoid tissues. In the process of screening

chemical agents, a number of di-(2-chloroethyl)-amine
derivatives were obtained. For the period from 1961 to
1970, as a result of the intensive research in the world,
755 new medicines were launched to the market, and 27
of them were anticancer drugs. The leaders in this field
were foreign companies: the United States — 12 drugs,
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Switzerland — 4, Japan — 3, England — 2, France — 2, the
rest of the drugs — Germany and Italy.

The first studies on the search for anticancer
drugs in our country, since 1950, were conducted at
the N.N. Petrov Institute of Oncology. The founder of
experimental chemotherapy of malignant tumors in the
USSR was Leonid Fedorovich Larionov, Academician
of the Academy of Medical Sciences of the USSR, who
worked in the search for alkylating drugs that damage the
metabolic pathways of tumor cells by using irreplaceable
metabolites as a carrier of cytotoxic groups [19].

Since 1952, the Institute of Experimental Pathology
and Cancer Therapy of the Academy of Medical
Sciences of the USSR (now Federal State Budgetary
Institution “N.N. Blokhin National Medical Research
Center of Oncology” of the Ministry of Health of the
Russian Federation) of the Russian Ministry of Health,
headed by academician Nikolai Nikolayevich Blokhin,
has become the leading institution developing the
problems of tumor chemotherapy. With his support LF.
Larionov organized the country’s only laboratory for
the experimental treatment of tumors. The first domestic
drug, Novoembichin [chlorohydrate-2-chloropropyl-di-
(chloroethyl) amine], a derivative of chloroethylamines,
was active on several lymphomas.

At the firm of “Beecham Research Laboratories”
(currently, the company GlaxoSmithKline by combining
Glaxo Wellcome and SmithKline Beecham) english
researchers Bergel and Stock synthesized melphalan
(4-[Bis-(2-chloroethyl)  amino]-L-phenylalanine) and
its optically active isomers, where the L-isomer, called
Alkeran, went into medical practice [20]. In the USSR
in 1953 in the laboratory of E.N. Shkodinskaya 4-[di-
(2-chloroethyl)amino]-DL-phenylalanine  hydrochloride
(sarcolysin) was synthesized. It was studied in the
department of academician L.F. Larionov [21]. The basis
for the synthesis of these compounds was the assumption
that phenylalanine (with the alkylating group of
chloroethylamine), a precursor of melanin which is a part
of them, will contribute to the selective absorption of drugs
by melanoma cells. Although the substances obtained did
not meet these expectations, both compounds remain
known agents in the monotherapy of multiple myeloma.
However, domestic and foreign drugs had a different fate.

Sarcolysine was included into the USSR State
Pharmacopoeia, X-th edition, and the International
Pharmacopoeia, but due to the poor quality of the tablets and
injectable DF (dry wastage) it was discontinued. Despite the
advantage of using Sarcolysin (DL-form) as a water-soluble
hydrochloride salt for intravenous administration, modern
DF was created only 40 years later [22].

Melphalan (L-form): thanks to advanced pharmaceutical
industry and research funding by GlaxoSmithKline, this DF
was developed for oral administration in the form of tablets
(2 and 5 mg) and for intravenous administration in the form
of sterile powder (50 mg) in an ampoule and ampoules with
asolvent. A drug called Alkeran was quickly introduced into
clinical practice.

Melphalan molecule has properties of a weak base
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and is practically insoluble in water. Its low bioavailability
is due to poor absorption in the gastrointestinal tract and
depends on the acidity of the gastric juice of a particular
patient, while 20—50% of the accepted dose of melphalan
in tablets is excreted by the intestine unchanged [23]. Due
to the insolubility of the substance melphalan, lyophilized
DF for intravenous use was developed only in 1993.
Pharmacokinetic studies for intravenous administration
at the dose of 0.6 mg/kg body weight confirmed its
high bioavailability in the form of a soluble form [24].
Currently, melphalan — Alkeran is used not only inside
(tablets), but it is also administered intravenously,
intraarterially, intraperitoneally, intrapleurally.

The following drug the company GlaxoSmithKline
released was chlorambucil — Leikaran in tablets, which,
like melphalan, is an aromatic derivative of nitrogen
mustard. The next representative of this class of synthetic
drugs, cyclophosphamide — Endoxan, has a similar
structure. The nucleus of the cells of the hyperplastic
and lymphoid tissues possess great specificity for these
preparations, due to which chloroethylamines are used
in hemoblastosis. However, cyclophosphamide in tumor
cells undergoes biological transformation under the action
of enzymes — phosphatases, its active metabolite has a
wider range of antitumor action, therefore the drug has
been successfully used in various schemes of combination
chemotherapy both for ingestion (coated tablets 0.05 g)
and as an injection (0.1 and 0.2 g of sterile powder in vials).

The selectivity of the biochemical transport of
the metabolite carrying a reactive cytotoxic group
confirmed the idea of Academician L.F. Larionov about
the possibility of the synthesis of antimetabolites. In
the development of this direction, the original domestic
substances have been synthesized: Cyphelin (sarcolysin
dipeptide) and amiron. According to the spectrum of the
antitumor activity, Cyphelin is identical to sarcolysin,
but due to its hydrophobicity, cytotoxic activity was
manifested in increased doses [25, 26].

Amiron, a derivative of tyronine, which is DL-
a-amino — [ {[n-di(2-chloroethyl) aminophenoxy]
phenyl}-propionic acid, is also practically insoluble in
water. To ensure the bioavailability of these hydrophobic
substances, various formulations of DF have been
studied, both for oral administration (tablets) [27] and for
injection in the form of a liposomal dispersion [28, 29].

L01AB Alkylsulfonates — disulfonic acid esters

The beginning of modern therapy of chronic myeloid
leukemia (CML) is associated with the use of busulfan
in 1953. According to the chemical structure, busulfan
belongs to bifunctional drugs, inhibits granulocytopoiesis
and is used for the palliative treatment of chronic
myeloid leukemia, prescribed for true polycythemia,
essential thrombocythemia and myelofibrosis. The drug
is insoluble in water. Its injection form in 40% solution
of polyethylene glycol, which is diluted with saline ex
tempore, has been experimentally studied. The clinic
used Mileran and Mieclosan tablets (Table 1). However,
due to the success of experimental chemotherapy, the
drug yielded primacy to hydroxyurea and then combined
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treatment with interferon with cytosine arabinoside.
Currently, CML is treated with protein kinase inhibitors
(Glivec-imatinib and its analogues) [17, 18]. Glivec is
available in coated tablets and capsules.

LO01AD Nitrosourea derivatives

The study of nitrosourea derivatives as potential
antitumor compounds began as early as the 60s after
the super-mutagenic and antitumor effect of 1-methyl-
3-nitro-1-nitrosoguanidine had been discovered. To
date, more than a hundred different nitrosoalkylurea
derivatives (NAU) have been synthesized, their antitumor
activity and toxicity have been studied [30, 31].

As a result of an active search, Carmustine, Lomus-
tine, Semustine, Streptozotocin, Femustine, Nimustine,
Ranimustine, Uramustine, Floksuridine, and also two oth-
er Russian compounds, Aranoza and Lizomustine, were
synthesized, studied and introduced into clinical practice.
These substances are distinguished by high aggressiveness
and chemical instability; therefore, they are most active
when administered intravenously, and the injection forms
are produced in the form of lyophilisates for the prepa-
ration of ex fempore solutions. Due to the technological
complexity of creating stable DF for oral administration,
the only drugs of this group, administered orally in the
form of capsules, are Lomustine and Semustine [32, 33].

The literature describes a number of cases of
Lomustine used in monotherapy or in combination for
the treatment of metastatic melanoma with a long-term
patient survival. In the case of the use of the combination
with procarbazine and vincristine, two out of 40 patients
experienced complete remission within 6—6.5 years [33].
In addition, Lomustine is indicated in combination with
other drugs for the treatment of gastric, colon and rectal,
lung cancer [30].

The chemical structure of Semustine is very close
to that of Lomustine and differs from it by only one
additional methyl group, but after finding pronounced
carcinogenic properties in it, it was discontinued.

L01AX Other alkylating agents. Triazines

Triazines, non-classical alkylating agents, are rapidly
absorbed and easily pass through the blood-brain barrier.

The representative of methylhydrazines — procarba-
zine — accumulates in the tumor cell and in the body, un-
der its action, hydrogen peroxide is formed, which, when
interacting with tissue proteins, affects the density of the
spiraling of the DNA molecule. In addition, blocking the
activity of monoamine oxidase, procarbazine promotes
the accumulation of tyramine, increase in norepinephrine
in the sympathetic nerve endings and increase in blood
pressure. The stability of the chemical molecule makes it
possible to apply procarbazine inside the capsules.

Temozolomide is also easily absorbed from the gas-
trointestinal tract, it penetrates into the cerebrospinal flu-
id, is used in the form of capsules for malignant glioma.
It is in the first line of treatment of common metastatic
malignant melanoma. The drug is manufactured by many
foreign and domestic pharmaceutical companies.

L01B Antimetabolites

In order to increase the selectivity of the action of

drugs, a rational search for cytotoxic compounds for
damage to metabolic processes in the tumor cells was
conducted. Structural analogues of folic acid, purines
and pyrimidines were synthesized as antimetabolites, the
cytostatic effect of which is associated with a violation of
the synthesis of nucleic acids.

L01BA Structural Analogues of Folic Acid

Methotrexate, which is widely used in clinical prac-
tice, has a wide range of antitumor activity in both injec-
tion and oral administration. For oral administration it is
available in the form of coated tablets [34]. New drugs of
this class — Raltitrexid, Pemetrexide and Pralatrexate —
are effective only when administered intravenously.

L01BB Purine Antagonists

The peculiarity of the mechanism of the Mercapto-
purine antitumor action is that the drug molecule is ac-
tivated in the tissues. The active metabolite inhibits the
synthesis of nucleic acids, especially in rapidly dividing
cells of tumors and bone marrow. The drug is effective
when taken orally and is released in the form of coated
tablets.

The structural analogue of Mercaptopurin is Thiogua-
nine, its oral form is Lanvis — 40 mg tablets produced by
GlaxoSmithKline (Great Britain) [34].

New drugs — Clofarabine and Nelarabin — are used
only in the form of infusions. The most stable substances,
Cladribine and Fludarabine, are administered both infu-
sionally and orally in the form of coated tablets. The most
common indication for the use of purine antagonists in
oncological practice is the treatment of leukemia.

LO01B C Pyrimidine Analogues

Well-known Fluorouracil, Tegafur, Cytarabine,
etc., are antimetabolites of pyrimidine bases (Cytosine,
Thymine, Uracil), which are parts of nucleotides. In tu-
mor cells, these API are converted into active enzyme
inhibitors — thymidylate synthetase (Fluorouracil and
its analogues, Raltitrexide, etc.), DNA-polymerase (Cy-
tarabine), ribonucleotide reductase (Hydroxycarbamide,
etc.) involved in the synthesis of nucleic acids [35].

Due to poor bioavailability when administered, Flu-
orouracil is administered intravenously. The analogue
of Fluorouracil, Tegafur, has also the properties of pro-
drugs, but it is less toxic and though also effective when
taken orally in capsules.

A representative of this class, Capecitabine, is highly
lipophilic and used as an oral cytostatic in tablets. In the
liver, under the influence of thymidine phosphorylase,
this API is converted into an active metabolite, which se-
lectively accumulates in tumor tissues [34, 36].

The API of this group Cytarabine has the anti-leu-
kemic activity. However, due to the chemical lability of
this compound, only an injection DF can be released as
lyophilisate for solution preparation.

The antitumor activity of Hydroxycarbamide (hy-
droxyurea) is due to the inhibition of the enzyme ribo-
nucleotide reductase [34]. The advantage of this drug is
that when taken orally in the capsule form, the drug is
well absorbed from the gastrointestinal tract and quickly
penetrates the tissues.
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Table 2 — Oral DF from the group of antimetabolites registered in the State Register
of Medicinal Remedies of the Russian Federation

Group Active substance Trade name Manufacturer Release form
LO1BA Methotrexate Methotrexate PC Valenta Farm (Russia) Coated tablets
Structural
analogues of
folic acid
LO1BB Mercaptopurine Mercaptopurin- Nativa LLC (Russia) Tablets
Structural native
analogues Puri-Netol Aspen Pharma
purines Trading Limited (Ireland)
GlaxoSmithKline GmbH & Co.
KG (Germany)
Mercaptopurine Omela LLC (Russia)
RUE "Belmedpreparaty"
(Republic of Belarus)
Tioguanine - GlaxoSmithKline (Great Britain)
Lanvis
(Lanvis) pills
40 mg
Structural Fludarabine Darbines JSC "Pharmasintez-Nord" Film coated
analogues of (Russia) Tablets
Adenine Fludarabel PJSC "Pharmsintez" (Russia) LLC
Flidarin Nativa LLC (Russia)
Fludarabin-TL | “Technology of drugs "(Russia)
Fluguarda JSC "BIOKAD" (Russia
LO1BC Tegafur Ftorafur JSC "Grindex" (Latvia) Capsules
Structural ana- | Tegafur + [Uracil] UST Merck KGaA (Germany)
logues of Tegafur + Teysuno Nordic Group B.V.
pyrimidines [Himeracil + (Netherlands)
Oteracil |
Capecitabine Capecitabine Atoll LLC (Russia) Film coated
Jodas Expoim LLC (Russia) tablets
CJSC " RCI Sintez" (Russia)
JSC "Pharmasintez-Nord"
(Russia)
JSC “BIOKAD” (Russia)
Kapametin FS Nativa LLC (Russia)
Xalvobin Alvogen Balkans Luxembourg
S.arl
Hydroxycarbamide | Hydroxycarbamide- Nativa LLC (Russia) Capsules
Native LENS-Farm LLC (Russia)
Hydroxycarbamide- | VEROPHARM LLC (Russia)
LENS LENS-Pharm LLC (Russia)
Hydroxyurea Teva Pharmaceutical Enterprises
Ltd. (Israel)
Hydroxycarbamide Medak GmbH (Germany)
Medak
Hydrea Bristol-Myers Squibb S.R.L.
(Italy)
Bristol-Myers LLC
Squibb (USA)
Hydrea Bristol-Myers Squibb
Company (USA)
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In general, antimetabolites have both pronounced
cytotoxic antitumor activity and immunosuppressive
properties (methotrexate, cytarabine, etc.).

L01C Antitumor herbal drugs

L01CA Vinca alkaloids and their analogues

Antitumor API of plant origin are widely-spread in
the clinic. Vinca alkaloids (vinblastine and vincristine)
are known to be similar in their chemical structure but
different in the spectrum of antitumor action. Besides,
they have different side effects. The both drugs in the
form of aqueous solutions are used only for the intrave-
nous route of administration, since the substances are de-
stroyed when taken orally.

A new drug Vinorelbine is a semi-synthetic derivative
of Vinblastine, but the French company of Pierre Fabre
was able to create oral DF in addition to injection solu-
tions. The preparation is released in the form of soft gela-
tin capsules containing a viscous, transparent solution. To
stabilize the active substance, anhydrous ethanol, glycerin
and macrogol 400 are added to the solution. The oral DF
of Vinorelbine provides rapid absorption of the API from
the gastrointestinal tract, absolute bioavailability (C_ ) is
achieved in an average of 3 hours. The use of the drug
inside in the doses of 60 and 80 mg/m? corresponds to in-
travenous alkaloid in the doses of 25 and 30 mg/m? The
concentration of the active substance in the lungs is 300
times higher than the concentration in plasma. Selective
accumulation of Vinorelbine in the lungs allows it to be
successfully used for tumors of this localization.

LO0I1CB Taxanes

Taxanes have another mechanism of action on the

microtubule cell. The API of this group have very low sol-
ubility both in water and in lipids and, as a consequence,
poor bioavailability. Taxanes DF are created using organ-
ic solvents, which, before intravenous administration, are
diluted in 5% glucose solution and administered drop by
drop with premedication. Many attempts have been made
to improve the existing DF, but so far there are no publi-
cations describing oral medications.

Enzymes of Topoisomerase I and Topoisomerase II,
controlling the replication and transcription of DNA, be-
came a new target for antitumor drug therapy. Their study
began in the 1970s. This discovery as a result of wide
screening was followed by the appearance of a number of
API inhibitors of Topoisomerase I: derivatives of Camp-
tothecin and semi-synthetic substances — Irinotecan (ac-
tive in colorectal cancer) and Topotecan (active in plati-
num-resistant ovarian cancer). The drugs are well soluble
in water, but ineffective when taken orally.

Semisynthetic derivatives of Podophyllotoxins:
Etoposide, a glycosidic derivative of mandregore extract
(Podophyllum pellatum) and Teniposide, are inhibitors
of topoisomerase II.

Water-insoluble Etoposide is well absorbed when
taken orally. The drug is available for intravenous ad-
ministration (solution in organic solvents), and for oral
administration in the form of capsules.

Teniposide is also insoluble in water, but due to its
high lipophilicity, it penetrates the blood-brain barrier.
For intravenous and intravesical administration, an injec-
tion DF was created as a solution in an organic solvent,
which is diluted in 5% glucose solution before use [39].

Table 3 — Oral DF of anticancer drugs of herbal origin

Group Active Trade name Manufacturer Release form
substance
LO1CA Vinorelbine Navelbin Pierre Fabre Medicament Capsules
Vinca alkaloids Production, France
LOICB Etoposide Etoposide | OKASA PHARMA Ltd.(India) Capsules
Podophyllotoxins
Synthetic derivatives of Lastet Nippon Kayaku Co. Co., Ltd.,
podophyllotoxins Japan
Vepezid Bristol-Myers Squibb
Company (USA)

LO01D Antitumor antibiotics

As a result of screening of microbes waste products,
since 1963 a number of effective chemotherapeutic
antitumor drugs have been discovered [38]. However,
in modern chemotherapy, Anthracyclines, Bleomycin,
Dactinomycin and Mitomycin have practical applications
[39]. Today, out of all Anthracyclines for oral
administration, only Idarubicin capsules are available
(Rubida, VEROPHARM, Russia); Zavedos, NerFarma
S.R.L., Italy).

In recent years, experts have noted significant progress
in the struggle against cancer, which has become possible
due to a number of revolutionary discoveries related to
molecular biology. Thanks to the success of biotechnology,
it has become possible to create drugs for the biological

method of treating malignant diseases. These studies
are booming both abroad and in our country [40-50].
Considering the fact that the drugs intended for biotherapy
of tumors, are of the protein origin, the possibility of
creating DF for oral administration is excluded.
CONCLUSION. Thus, analyzing the arsenal of
cytotoxic drugs belonging to the main groups of ATX
LO1, it should be noted that oral DF is not always
relevant for many API because of their destruction
in the gastrointestinal tract. It is known that antitumor
substances are characterized by high chemical lability,
they are photosensitive, thermo labile, hygroscopic and
hydrolytically unstable. These properties are inherent
in drugs to varying degrees and complicate both
obtaining reproducible therapeutic effect by ingestion

455



0030pbl, 1ekyuu
Reviews, Lectures

@apmayus u papmaronoeus T. 6 Ne 5, 2018

and technological processes connected with the release
of DF. In addition, anticancer drugs have a mutagenic,
teratogenic, as well as sensitizing and allergenic effect,
distinguishing them from the rest of the arsenal of API.
Due to the lack of sufficient selectivity of the antitumor
effect of these cytotoxic drugs and a small breadth of
the pharmacological effect, it is necessary to use DF,
ensuring control of drug delivery to the body, dosage
accuracy and standard bioavailability. DF plays a very
important role in the delivery of drugs to the lesion site.

Since API can be absorbed from the gastrointestinal
tract only in the form of a solution, it can be assumed
that its bioavailability should decrease in the following
order: solution — suspension — capsules — tablets — coated
tablets. Therefore, the composition of DF, the used
excipients, their quantity and qualitative characteristics
play a large role in the bioavailability of the drug. Taking
into consideration high toxicity of anticancer drugs,
capsules and coated tablets are manufactured to reduce
the local tissue reactions when taken orally.
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MUWKPOMOP®O/IOTMYECKMI AHANTU3 HAL3EMHbIX OPTAHOB
MARRUBIUM ALYSSON L. ®/10Pbl TYHUCA

@.K. Cepeopanan*?, I. 3aiiep*

ITamueopckuil meouxo-papmayesmuueckutl uncmumym — guiuar @I'EOY BO «Boneoepadckuii
2ocydapcmeennblil meouyunckuil ynusepcumem» Munzopasa Poccuu, 357532, Poccus,
2. [Iamueopcxk, np. Kanununa, 11
2Dkonoeo-6omanuyeckas cmanyus PedepanbHO20 20CYOapPCMEEHHO20 DI0OINCEMHO20 YUPENCOCHUS HAYKIL
Bbomanuuecxuii uncmumym um. B.JI. Komaposa Poccuiickou akademuu nayk (FUH PAH), 197376, Poccus,
2. Canxm-Ilemep6ype, yn. Ilpogpeccopa Ilonosa, 0. 2
E-mail: fk.serebryanaya@pmedpharm.ru

IIpogedenvr mopgponozo-anamomuueckue ucciedosanus wanopol Anuccon (Marrubium alysson L.), npouspac-
maiowel 8 ecmecmeeHHuIX yciosusx na meppumopuu Pecnyonuxu Tynuc. Lens uccnedosanus — nposecmu cpaghu-
menbHble IKON020-MOPPOI0SULECKUe UCCTLEeO08AHUsL HAO3eMHbIX opeanog Marrubium alysson, uzyuums anamomue-
CKOe cmpoenue 21eMeHmo8 Kayauhomuaprol cucmemsl, 6 Mom Yucie JUCMOool NAACMUHKY, YEPEUKOs, JNEMEHMO8
nobeea, anamomuyeckoe CmpoeHue SNUepMol IUCMOGoU niacmunky. Mamepuanvl u memooul. B kauecmese 06vexma
UCCNe008AHUsL UCNONB308AIU BbICYULIEHHYIO MPAsy U eepOapHble 0opasybl ulanopsl Anuccon (Marrubium alysson L.),
npouspacmaiowell 8 ecmecmseenHvlx yciosuax Ha meppumopuu Pecnybonuxu Tynuc. Hccnedosanue nposoounoce
MOPPON020-AHAMOMUYECKUMU U 2UCTOXUMUYeCKUMU Memooamu. Pezynemamut u oocyscoenue. Ilposedenvl cpas-
HUMenbHble IKON020-MOpPorocuteckue ucciedosanus. Msyueno anamomuyeckoe cmpoenue 21eMeHmos Kayaugo-
JIUAPHOU CUCMEMb, 8 MOM YUCTLe TUCMOBOU NIACMUHKU, YePewKos, diemenmos nooeza. Mzyueno anamomuyeckoe
cmpoenue snudepmol aUcnmogoll naacmunku. OOHapysicern OUaYUMHBLIL MUN YCMbUYHO20 aNNaApama, MHO2OYUCTIECH-
Hble 8eMBUCIbIEe MPUXOMbL, C MHO2OKTEMOYHBIM OCHOBAHUEM, PACHOLONCEHHbIE KAK HA 6EPXHEll, MAK U HA HUJICHEl
cmopone aucma. Ilposedennvle uccied08anus A6IsI0mMcs Qpacmenmom KOMNIEKCHbIX UCCLe008aHUT NEPCHEKMUBHBIX
coipvesblx pacmenutl gnopel Tynuca. 3akarouenue. [lposedenvl cpasHumenbHvle IK0I020-MOPPOL02UHeCKUe UCCTe-
008aHUsL, MOPPOL020-AHAMOMUYECKUE UCCIEO08AHUS, U3YYEHO AHAMOMUYECKOe CmpoeHie Cmebis, YepewKa 1ucma
U IUCMOBOU NIACMUHKU, d MAKJICe CMPOoeHUe 6epXHell u HudicHell snudepmul aucma. ObHapysicen Ouayumuslii mun
VCMbUYHO20 ANnapamad, MHO2OHUCIEHHbLE BEMBUCHIbIE MPUXOMbL, PACHOIONCEHHbLE KAK HA 6EPXHEN, HA U HA HUNCHE
cmopone nucma. Konienxuma pacnonosicena cyoonudepmaivbHo 6 30He Cmeois, YepeuKa TUCma U 6 30He YeHmpaib-
HOU JHCUTKU TUCTNOBOU NAACIUNKU. Bbiasiennvie npusHaku mo2ym Ovlims GKIIOUEHbL 6 NPOEKMbl HOPMAMUBHOU OOKY-
MEHmayuu Ha pacmumenbHoe cbipbe.

Knioueswvie cnosa: wanopa Anuccon, Marrubium alysson L., ¢nopa Tynuca, sxonoco-mopghonocuvecxue uccie-
dosanus
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MICROMORPHOLOGICAL ANALYSIS OF THE AERIAN ORGANES
OF MARRUBIUM ALYSSON L. FROM FLORA OF TUNISIA

EK. Serebryanaya'?, G. Zayer*

!Pyatigorsk medical and Pharmaceutical Institute — branch of Volgograd State Medical University,
11, Kalinin ave., Pyatigorsk, Russia, 357532
’Ecological and botanical station of Botanical institute of the Russian Academy of Sciences,
2, Professor Popov St., St. Petersburg, Russia, 197376
E-mail: f.k.serebryanaya@pmedpharm.ru

The micromorphological investigations of Marrubium alysson L. growing on the territory of the Tunisian Repub-
lic have been conducted. The aim of the study was to conduct comparative ecological and morphological researches
of Marrubium alysson aerian parts, to study an anatomical structure of caulifoliary system elements including stems,
petioles, leaf margins, a structure of the epidermis. Materials and methods. As an object of the research, dried-up
herb and herbarium specimens of Marrubium alysson L., growing on the territory of the Tunisian Republic, were used.
The micromorphological investigations were conducted by morphological and histochemical methods. Results and
discussion. Comparative ecological and morphological researches have been conducted. The anatomic structure of
the elements of the caulifoliary system including stems, petioles, leaf margins has been studied. The anatomic struc-
ture of the epidermis has been studied, too. The diacytic type of the stomatal apparatus, numerous branched trichomes
with multicellular basis, located both on top and lower leaf parts have been found out. The conducted researches are
a fragment of complex researches of perspective raw plants of Tunisian flora. Conclusion. Comparative ecological
and micromorphological researches have been conducted, the anatomic structure of the stems, petioles, leaf margins,
and also the epidermis structure of top and lower leaf parts has been also carried out. The diacytic type of the stoma-
tal apparatus, trichomes with multicellular basis located both on top and lower leaf parts have been found out. The
collenchyme is located in the subepidermal zone of a stem, petioles and in the zone of the central vein of a limb. The

revealed signs can be included into product specification files on herbal raw materials.
Keywords: Marrubium alysson L., Tunisian flora, ecological and morphological investigations

BBEJEHUME. 3yuenue mpencraButenei (Uiopsl
Pa3JIMYHBIX CTPAH SBJISETCS MHTEPECHBIM M IIEPCIICKTHB-
HBIM HalpaBJIeHHEM Pa3BUTHUsI MUPOBOH (papMakorHO3uu
W pPa3IMYHBIX HCCIEJOBAaHUH B OONACTH W3y4eHHs Jie-
KapcTBeHHBIX pacTeHuil [2]. IIpeacraButenu cemeiictsa
ryoouseTHbie (Lamiaceae) sBISIOTCS U3BECTHBIMU d(u-
POMAaCIMYHBIMHU U JIEKApPCTBEHHBIMU pacTeHusiMH. O0b-
€KTOM JIAHHOTO MCCIIC/IOBAaHMS SIBJISIETCS BHJ IIaH/pa
(Marrubium alysson L.), npou3pacTaroiiee Ha Teppu-
topun Pecnyonuku Tynuc (Republic of Tunisia) [2, 3].
Bunel pona Marrubium HaxkarmiBaroT MappyOWuH, Ta-
HUHBI, (PEHUIIPOIIAHOU/IbI, Y(QUPHBIE Macia, YPCOJIOBYIO
kucinoty [4, 5]. Cpenu eHUIPOIaHOUIHBIX TIIMKO3U/I0B
KpPOME M3BECTHBIX 5 TIIMKO3MI0B, TAKUX KaK BepOACKO3M]
(verbascoside), neykocuenro3un A (leucosceptoside A),
MapTrHO3u (martynoside), popsurtosua (forsythoside B)
and neyxocuenro3ug B (leucosceptoside B) Briaensier-
csi amucconosuy (beta-(3,4-dihydroxyphenyl)ethyl-O-
[alpha-L-rhamnopyranosyl-[beta-D-apiopyranosyl-]-4-
O-feruloyl-beta-D-glucopyranoside), koTopblii BriepBble
BBIJICJICH U3 Hal3eMHou yactu Marrubium alysson. Tpa-
JMIIMOHHOE HCII0JIb30BaHKE JIaHHOTO BHa B TyHHCE Kak
IIPOTUBOBOCIIAIINTEIBHOTO, aHTHOKCHIAHTHOTO, aHTUT U~
MePTEeH3UBHOTO, aHTUIMA0ETHYECKOT0, IPOTHBOPAKOBO-
ro, aHTHOAKTEePUAIILHOTO, IIPOTHBOBUPYCHOTO M MPOTH-
BOTprOKOBOTO CpezcTBa [3, 6, 7, 8].

HEJIb UCCIEJOBAHUS — nposectu cpaBHU-
TENIBHBIE  HKOJIOTO-MOP(OIOrHYECKUE  HCCIIETOBAHMS
HAJ3EMHBIX OpraHoB Marrubium alysson, u3y4uTh aHa-
TOMHYECKOE CTPOCHHUE DJIEMEHTOB KaylIU(OIUapHOi ch-
CTEMBbI, B TOM YHCJIC JIUCTOBOH IUIACTUHKH, YEPEIIKOB,

9JIEMEHTOB 1I00era, aHaTOMUYECKOE CTPOCHHE AITHICPMBI
JIMCTOBOM TIJIACTHHKH.

MATEPHUAJIBI U METO/IbI. B kauectBe 00b-
€KTa HCCJICOBAaHMs HMCIIOIb30BAJIN BBICYLICHHYIO TpaBy
u repbapHble 00pasubl MmaHapsl AnuccoH (Marrubium
alysson L.), mponspacTarolell B eCTECTBEHHBIX YCIOBHSX
Ha Tepputopun Pecrryomuku Tynuc (Republic of Tunisia).
HcenenoBanne npoBoamIock MOP(OJIOro-aHaTOMUYECKH-
MH U TUCTOXMMHUYECKMMH METOJIaMH COIIaCHO TpeOoBa-
uuit I'® Poccuiickoit @enepaunu XIII uznanus [9]. Mare-
pHa st uccieioBaHus (PUKCUPOBAIIM B CHCTEME ATAHOJ
— BOJIa — NIMLEPHH B cooTHomeHuu 1:1:1.

PE3VYJIBTATBI U OBCYKJAEHUE. IIpoenens
MOP(OJIOT0-aHATOMUYECKHE  UCCIICAOBAHUS  INAHJPBI
Amuccon (Marrubium alysson L.), mpouspactaroreit
B E€CTECTBEHHBIX YCIOBUSIX Ha Tepputopuu Pecmy-
omukn Tynuc (Republic of Tunisia). B mpenenax poxa
Marrubium nHacuuthiBacTcs O6osee 40 BumoB. Bo ¢uope
Tynuca Berpeuaercst 6 BunoB [2, 3]. Mopdonorunueckoe
ormucanue M. Alysson L. — MHOTOJIETHEE TpPaBSIHUCTOE
pacteHue, 1MoOeru 4YeThIpeXrpaHHble, CHIBHO OIyIICH-
HBIE, JINCTOPACIIOJIOKEHNE CYITPOTUBHOE, PACTEHUE UMe-
€T CWIBHBIM XapakTepHbIi apomar. JIuctesi mpocthle,
YepelIKoBble, ¢ OEJoBaTo — CH3bIM HAJETOM C 00enx
cropoH siucta. Tupcsl (puc. 1) nasyninsle, IBETKH 3UTr0-
MopdHBIe, yanieuka Tpybuaras, ¢ 5—10 bonee uinu MeHee
POBHBIMH KOJIIOUMMH 3yOLlaMH, NPSIMBIMH WM KpPIO4-
K0OOpa3HO 3arHyTHIMHM Ha BepXxylke. TpyOka BeHUMKa
KOpOu€ YalleyKH, BEHYHK JABYI'YOBIH, BEepXHss Iyba ero
y3Kasi, IpsiMasi, [IOYTH IUI0CKast, Belemyarasi win 2—3-j10-
nactHast. Hwxknsis ryba B TpyOke BeHuuka [ 1, 2].
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Pucynok 1 — Mopgponozuueckoe onucanue M. Alysson L.

JKOJIOTHYeCKHe XapaKTePUCTHKH: KiuMarnde- Mecta cOopa pacteHuil 1 m 2 XapakTepHu3yIOTCs BBICO-
CKHE YCIIOBHUS TIPOM3PACTAHUS JTAHHOTO BUJA ONM3KM K KOW CTETEHBIO MHCOJISIINH U 3aCOJIEHHOCTHIO TIOUBBI, 00-
TPONUYECKOMY TI0SICYy M MMEIOT 3aCylUIMUBBIN XapakTep.  pasipl 3 U 4 coOpaHbl B IPUOPEKHOI 30HE C MOBBIILICH-
CpenneronoBas TeMIeparypa cocTaBisieT 18 rpagycoB.  HBIM YPOBHEM BIXHOCTH (pHC. 2).

Pucynok 2 — Ixonozuueckue xapaxmepucmuxu (B, C) u mecma coopa (A) M. alysson L.
na meppumopuu Pecnyonuxu Tynuc (1, 2 — paiion I'agpca, 3, 4 — paiion buzepm, Cycc)

Crebenp umeer 4—rpaHHy}o (l)OpMy Ha OOICPEIUHOM CJIOCM KUBBIX MAPCHXUMHBIX KJIETOK, CO 3HAYUTCIbHbIM

CCUCHUM, YTO SABJIACTCA AUATHOCTUYCCKUM IPU3HAKOM KOJIMYCCTBOM TPUXOM. B cocras KOPBI BXOJAT KOJUICHXU-
cemeiictBa Lamiaceae. QHHI[epMa 06pa303aHa OHUM Ma U aCCUMWISINUOHHAA Mape€HXUMa. Ha TpaHULIC KOPbI

464



Pharmacy & Pharmacology V. 6 N 5, 2018

DOI:10.19163/2307-9266-2018-6-5-462-474

U HEHTPAJIbHOTO IIUIMHAPA PACIOI0KEHa 30Ha MEPHUIIU-
KJIM4ECKOH CKJIEpeHXUMBI. BOJIOKHa pacroyokKeHbl OT-
JIeIbHBIMU y4acTKaMH. TuUn cTpoeHus mpoBojsieil cu-
CTEMBbI — HEMy4KOBbIH. CUTOBHIIHBIC JIEMEHTHI (PJIOAMBI
MHOTOTPaHHOW (POPMBI, KIIETKH-CITyTHHUIIBI cJ1ab0 BBIpa-
xkeHbl. Keunema mpencrapiaeHa NpOBOASIUME 3JIE€MEH-

TaM¥ B BUJIE KPYITHBIX COCY/IOB Pa3InuHON riepdopariuu,
a TaKKe MAPEHXHUMHBIX JIMTHUPUIMPOBAHHBIX DJICMEH-
TOB. B IIeHTpanbHOW YacTH MOMEPEYHOro cpes3a cTebis
pacrionaraeTcsi MapeHXUMa CEp/IleBHHBI, KOTOpas 00-
pasoBaHa KPYIHBIMU JKUBBIMH KJIETKAMU OKPYIJION WITH
OBaJIbHOM QopMEI (puc. 3).

Pucynok 3 — Ilonepeunuwiii cpes cmeona M. Alysson L.
A — @ppacmenm nonepeunozo cpeza cmebna ¢ ykazanuem 0OCHOGHLIX demMenmos, (yeenruvenue oovekmusa x40)
B — yuacmok konnenxumul, (yeeruuenue oovexmuga x40)
C — yuacmox ¢hnosamel u kcunemsl, (veeruuenue oovekmusa *x40)
1 — snuoepma, 2 — konnenxuma, 3 — xropeHxuma, 4 — ckiepenxuma, 5 — ¢nosma,
6 — kambuil, 7 — kcunema, 8 — napeHxuma cepoyesunsl, 9 — mpuxomul

ITonepeunslil cpe3 uepelKa JIUCTa UMEET OKPYTI-
J10-CEUIOBUHYI0 (POPMY C BBIpaKECHHBIMH OOKOBBI-
Mu cermeHtamu. OrnylieHue o0pa3oBaHO MHOTO-
KJIETOYHBIMU BETBUCTBIMU BOJOCKaMH. BeTBHUCThIE
BOJIOCKH PacIOJIOKEHBl Ha 00€UX CTOPOHAX Yepell-

ka. Komnenxuma pacnonaraercs moja 3NUAepMoil B
2-3 cnos. IlpoBoasmias cucrtema IpejcTaBieHa 2
Jop3ajibHBIMU U 4 0oJiee MEIKUMHU BEHTPaJbHBIMH
NpoBOAAIIMMU IMMYYKaMH KOJUJIATEPAJIbHOTO THIIA

(puc. 4).
465



Dapmakoznozus, Gomanuxa
Pharmacognosy, Botany

Dapmayus u papmaronoeus T. 6 Ne 5, 2018

Pucynox 4 — nonepeunwtii cpe3 uepewika aucma M. Alysson L.
A — pomoepaus nonepeunozo cpesza uepewka, (veeruuenue obvexkmusa *x40)
B — anamomo-monoepaghuuecras cxema cmpoenus yepewxa, (veerudenue obvexmusa x40)
1 —snuodepma, 2 — konnenxuma, 3 — kcunema,4 — ¢nosma, 5 — xnopenxuma,
6 — gemeucmoie 8010CKU

JlucroBasg TUIaCTMHKA OP30BEHTPAIBLHOTO THIIA.
Mesodumt audhepeHIupoBaH Ha TaTUCaIHbINA 1 I'y0Ua-
ThIi. [IpoBosIIIas cucTeMa pecTaBlIeHa 2 TOp3aJIbHbI-
MU U 4 GoJee MENKHUMH BEHTPAJIbHBIMH MPOBOIIIINMHI

My4YKaMU KOJUIATEPAIILHOTO THIIA. XapaKTePHBIM IpHU-
3HAKOM SIBIISIETCSl HAJIMYUE OMYIICHHS C 00EUX CTOPOH
JIMCTOBOW IJIACTHHKH, 00pa30BaHHOE MHOTOYHCIICHHBI-
MU BETBUCTBIMH BOJIOCKaMH (puc. 5).

Pucynok 5 — nonepeunutii cpe3 nucmogoii naacmunku M. Alysson L.
A — (ppacmenm nonepeunozo cpesa IUCmMoBOl NIACMUNKU C YKA3AHUEM Me30)UnNa U NOKPOBHOU MKAHU,
(veenuuenue obvekmusa *10)
B — ¢ppacmenm nonepeunoco cpeza aucmosou NAACMUHKY € YKa3aHuem KOwIeHXumMbl U npoeooaujeli mkau,
(veenuuenue obvekmusa *10)
1 — snuoepma eepxmas, 2 — nanucaduwiti me30uii, 3 — 2youamoiti Mme30¢uin, 4 — KoiieHxuma,
5 — keunema, 6 — @pnosma, 7 — 6emeucmulii 010COK

Jluct amducromarnueckuit. Bepxusas snwmuep-
Ma MpPEACTaBI€HA OCHOBHBIMU KJIETKAaMHU DIUJEPMBI,
YCTBUYHBIMM anmaparaMu M TpuxoMamu. OCHOBHbIE
KJIETKH SIUIEPMbl UMEIOT H3BWINCTBIE AHTHKIMHAJIb-
HbI€ CTEHKH, YCTBUYHBIE ammnaparbl JUAIUTHOTO THIIA.
TpUXOMBI MHOTOYMCIEHHBIE, MPEACTaBIEHBl ABYMs
TUIIAMU — BETBHUCTbIE MHOTOKJIETOYHBIE BOJIOCKU U Ke-
JIE3UCTHIE TOJIOBYATHIE BOJOCKHU (puc. 6). HmxHss smu-
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JiepMa MpeICTaBIeHa OCHOBHBIMH KJICTKAMH JITH/ICPMBI,
YCTBUYHBIMU anmnapaTamMu du TpuxoMamd. OCHOBHbIC
KJICTKH SMHICPMbl UMEIOT HM3BUIIUCTHIC aHTHKINHAIb-
HbIC CTCHKH, YCThHYHBIC allaparbl JUALMTHOTO THUIIA,
XapakTepHble 17 ceMelicTBa Lamiaceae [10]. Tpuxomsl
MHOTOYHCIICHHBIC, MTPEICTABICHBI IByMS] THIIAMH — BET-
BHCTBIE MHOTOKJICTOYHBIE BOJIOCKH U JKEJIC3UCTHIE TOJIOB-
4arkle BOJIOCKH (puc. 7).
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Pucynok 6 — Inudepma eepxnan nucmoeoit nnacmunku M. Alysson L.
A — pomoepagpus ocHosHbIX dnemenmos snudepmsl, (veeruuerue obvekmusa *x40)
B — cxema ocrnosmnbix knemok snudepmuca, (yeeruuenue oovexmusa x10)
1 — eemeucmvie 6onocku, 2 — ycmvuunvie annapamol, 3 — OCHOBHbIE KIEMKU INUOEPMbl

st pona Marrubium XapakTepHsl [jBa TUIIA TPUXOM,  NPOCTHIE MHOTOKJIETOUHBIE BOJIOCKH, @ TAKXKE BETBHCTHIC
110 KI1accupukanuy MOp(OIOrHYeCKUX THIIOB BBISIBIICHBl  MHOTOKJICTOYHBIC BOJIOCKH, OOHAPYKEHBI MEJKUE JKeTe-
JKEJE3UCTHIC U 2 BUIa KPOIOIIUX TPUXOM. BeTpedatorcss  3ucThie TpuxoMmsl [11].

Pucynok 7 — Inuoepma eepxuss aucmosou nracmunxu M. Alysson L.
A — MHO20KIEMOUHbIE 6eMBUCTNbLE BONIOCKU, (YeeruueHue obvexmusa *40)
B, C — anuxynaphvie K1emxu MHO2OKIEMOYHbIX 800CK08, (Veenudenue oovexmusa *40)
D — ocnosHvle knemku dnuoepmul, (yeenudenue oobvexmusa *40)
E — cxema cmpoenus snudepmsl, (yeeauvenue oovekmuga *10)
1 — eemsucmule 6010CKU, 2 — ycmbuunble annapamol, 3 — 0CHOBHbIE KIEMKU INUOEPMbl
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3AKJIFOUEHUE. TIIpoenenst  Mopdosoro-
AHATOMHUYECKHE WCCIECIOBAaHUS IIAHJPBl  AJIMCCOH
(Marrubium alysson L.), mpouspacTaromnieii B ecTe-
CTBEHHBIX YCJOBHSX Ha Tepputopuu Pecmybmuku Ty-
nuc (Republic of Tunisia). [IpoBeneHb cpaBHUTEIBHBIE
9KOJIOTO-MOP(OIOTHYECKHE HCcclieoBanus. 3yueHo
aHATOMHUYECKOE CTPOCHHUE CTeONsl, depelika Jucra |
JHUCTOBOM TIACTHHKU, a TAaKXKe CTPOCHHE BEPXHEH H
HIDKHEH smuaepMsbl arcta. OOHApYKEH AUAIMTHBIA THIT
YCTBHYHOTO ammapara, MHOTOYHCICHHBIC BETBHCTHIC

TPUXOMBI, PACMOIOKEHHBIE KaK Ha BEpXHEH, Tak U HA
HIDKHEW CTOpOHE JHcTa. XapakTepHa YroJKOBasl KOJ-
JICHXMMa, JIOKAJIU3YIOIIAsICsl MOl BEpXHEH amuaepmoit
cTeOuis, uepemika JUcTa U Ha IOIEepeyHOM cpes3e JH-
CTOBOM MiacTUHKH. BeTpeyaroTest mpocThie MHOTOKJIIE-
TOUYHBIE BOJIOCKH, & TAK)KE BETBUCTHIE MHOTOKJIETOUHBIE
BOJIOCKH, OOHAPYKEHBI MCIIKHE KEJIC3UCTHIC TPUXOMBI.
BrisiBnenHble TpU3HAKK MOTYT MOCITYKHUTh IPHU COCTAB-
JICHUM HOPMAaTUBHOMN JIOKYMEHTAIIMH Ha JIEKAPCTBEHHOE
PACTHTEIBHOE CHIPhE.

INTRODUCTION. Studying flora representatives of
various countries is an interesting and promising direction
of development in the spheres of world pharmacognosy
and study of medicinal plants [1]. Representatives of the
Lamiaceae family are famous for volative oils. An object
of this research is Marrubium alysson L., growing on the
territory of the Republic of Tunisia [2, 3]. Marrubium spe-
cies accumulate marrubiin, tannins, phenylpropanoids,
essential oils, ursol acid [4, 5]. Among phenylpropanoid
glycosides (except the known 5 glycosides — verbascos-
ide, leucosceptoside A, martynoside, forsythoside B and
leucosceptoside B), allissonoside — (beta-(3,4-dihydroxy-
phenyl)-ethyl-O-[alpha-L-rhamnopyranosyl — [beta-D-ap-
iopyranosyl-]-4-O-feruloyl-beta-D-glucopyranoside) has
been allocated from the aerian part of Marrubium alysson
for the first time. The traditional use of this species in Tu-
nisia is anti-inflammatory, antioxidatic, anti-hypertensive,
anti-diabetic, anticarcinogenic, antibacterial, antiviral and
antimicotic. [3, 6, 7, 8].

THE AIM of the study was to conduct comparative
ecological and morphological researches of the aerian
parts of Marrubium alysson, to study the anatomic struc-
ture of caulifoliary system elements including stems, pet-
ioles, leaf margins and the epidermis structure of top and
lower leaf parts.

MATERIALS AND METHODS. As the research
object, dried-up herb and herbarium specimens of Mar-
rubium alysson L., growing on the territory of the Re-
public of Tunisia in vivo, were used. The research was
conducted by morphological-anatomical and histochemi-
cal methods according to the requirements of State Phar-
macopea of the Russian Federation of the XIII-th edition
[9]. The research material was fixed in the system of eth-
anol — water — glycerin in the ratio of 1:1:1.

RESULTS AND DISCUSSION. Morphological
and anatomical researches of Marrubium alysson L. spe-
cies, growing on the territory of the Republic of Tunisia
in vivo, have been conducted. Within the genus of Mar-
rubium there are more than 40 species. In the flora of
Tunisia they are 6 [2, 3].

The morphological description of M. Alysson L.: this
is a perennial herbage plant with tetrahedral felted stems,
decussate leaf arrangement and a strong specific flavor.
The leaves are simple, petiolar, with a whitish glaucous
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bloom on both sides of the leaf. The thyrses are axillary
(Fig. 1), the flowers are zygomorphic, the cup is tubular
with 5-10 more or less even prickly teeth, which can be
straight or hamiform at the top. The tube of corolla is
shorter than that of the cup, the corolla is bilabiate, the up-
per lip of corolla is narrow, straight, almost flat, sinuate or
2-3 laciniate. The lower lip is in the tube of corolla [1, 2].

The ecological characteristics of M. Alysson L.:
climatological growth conditions of this species are
close to the tropical arid belt. The average annual
temperature is 18 degrees above zero. The places of
collecting plants 1 and 2 are characterized by a high
degree of insolation and soil salinity. Specimens 3 and
4 were collected in a coastal area with a higher level
of humidity (Fig. 2).

In the crosscut the stem is quadrangular which is a
diagnostic sign of the Lamiaceae family. The epidermis
is formed by one layer of alive parenchyme cells with
a significant amount of trichomes. Collenchyme and as-
similatory parenchyma are a part of the bark. On the
borderline of the bark and the central cylinder there is
a zone of a pericyclic sclerenchyma is. The fibers are
located in separate sections. The structure type of the
conduction system is not fascicular. Phloem sieve-tube
elements are polyhedral, satellite cells are low-grade.
The xylem is presented by conduction elements in the
form of large vessels of various perforation and also by
parenchyme lignified elements. In the central part of
the stem cross-cut there is the parenchyma of the core
which is formed by large roun or oval living cells (Fig.
3).

The cross-section of the petiole is rounded and sad-
dle shaped with the expressed side segments, it is formed
by multicellular branchy hairs. The branchy hairs are
located on both sides of a petiole. The collenchyme is
in 2-3 layers under epidermis. The conduction system is
presented by 2 dorsal and 4 ventral vascular bundles of
collateral type (Fig. 4).

The limb is dorzoventral. The mesophyll is differen-
tiated into palisade and spongy. The conduction system is
presented by 2 dorsal and 4 more shallow ventral vascu-
lar bundles of collateral type. Its specific character is the
existence of silking on both sides of the limb formed by
numerous branchy hairs (Fig. 5).
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Figure 1 — Morphological description of M. Alysson L.

Figure 2 — Ecological characteristics (B, C) and the places of collecting of M. alysson L. (A) on the territory
of the Republic of Tunisia (1, 2 — the area of Gafsa; 3, 4 — the Area of Bizert, Sousse)
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Figure 3 — Cross-section of the stem of M. alysson L.
A — part of the cross-section of the stem with all structure (obj. x40),
B — part of the cross-section of the stem with collenchyme (obj. x40),
C — part of the cross-section of the stem with phloem and xylem (obj. x40)
1 — epidermis, 2 — collenchyme, 3 — chlorenchyma, 4 — sclerenchyme, 5 — phloem, 6 — cambium, 7 — xylem,
8 — parenchyma, 9 — trichomes.
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Figure 4 — Cross-section of the petiole of M. alysson L.
A — photo of the cross-section of the petiole (0bj.x10),
B — anatomical topographic schem of the cross-section of the petiole (obj. x10)
1 — epidermis, 2 — collenchyme, 3 — xylem, 4 — phloem, 5 — chlorenchyma, 6 — branch hairs

Figure 5 — Cross-section of limb M. alysson L.
A — part of the cross-section of the limb with mesophylle and epidermis (obj. %x40),
B — part of the cross-section of the limb with collenchyme and conductive tissues (obj. x40)
1 — adaxial epidermis, 2 — palisade mesophyll, 3 — spongy mesophyll, 4 — collenchyme, 5 — xylem, 6 — phloem,
7 — branchy hair (author photo)

Figure 6 — The adaxial epidermis of leaf margin of M. alysson L.
A — photo of the main epidermal cells (obj. x40),
B — schem of the epidermal elements (obj.*x10)

1 — branchy hairs, 2 — stomatal apparatus, 3 — main epidermal cells
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The leaf is amphistomatic, the upper epidermis is
presented by the main cells of epidermis, stomatal ap-
paratus and trichomes. The main cells of epidermis have
sinuous anticlinal walls, stomatal apparatus are diacytic.
Trichomes are numerous and presented by two types —
branchy multicellular hairs and glandular capitate hairs
(Fig. 6). The lower epidermis is presented by the main
cells of epidermis, stomatal apparatus and trichomes. The
main cells of epidermis have sinuous anticlinal walls, di-
acytic stoma remains surrounded by a pair of subsidiary

cells, but one of them is bigger, and this is caracteristics
of the Lamiaceae family [11]. Trichomes are numerous
and presented by two types — branchy multicellular hairs
and glandular capitate hairs (Fig. 7).

Two types of trichomes are characteristic of the Mar-
rubium genus. According to the classification of morpho-
logical types, there are glandular and 2 species of cov-
ering trichomes revealed. There are simple multicellular
hairs, branchy multicellular hairs and shallow glandular
trichomes [11].

Figure 7 — Abaxial epidermis of leaf margin M. alysson L.
A — multicellular branch trichomes (obj. x10),
B, C— the apical cells of the multicellular branch trichomes (obj. x40),
D — the main epidermal cells (obj. x40),
E - structure of epidermal cells, stomatal apparatus and trichomes (obj. x10),
1 — branchy hairs, 2 — stomatal apparatus, 3 — main epidermal cells
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Comparative ecological and morphological re-
searches have been conducted. The anatomic structure of
the elements of the caulifoliary system including stems,
petioles, leaf margins has been studied. The anatomic
structure of the epidermis has been studied, too. The dia-
cytic type of the stomatal apparatus, numerous branched
trichomes with multicellular basis, located both on top
and lower leaf parts have been found out. The conducted
researches are a fragment of complex researches of per-
spective raw plants of Tunisian flora.

CONCLUSION. Comparative ecological and mi-

cromorphological researches have been conducted, the
anatomic structure of the stems, petioles, leaf margins,
and also the epidermis structure of top and lower leaf
parts has been also carried out. The diacytic type of
the stomatal apparatus, trichomes with multicellular
basis located both on top and lower leaf parts have
been found out. The collenchyme is located in the sub-
epidermal zone of a stem, petioles and in the zone of
the central vein of a limb. The revealed signs can be
included into product specification files on herbal raw
materials.
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MHTEHCUOUKALIUA MPOLLECCA NPON3BOACTBA
FYCTOIO 3KCTPAKTA N/1I040B PACTOPOMNLWIN NATHUCTOMN
C UCNONb30OBAHUEM Y/IbTPA3BYKOBOW OEPABOTKMU CbIPbA

E.T. ’Kunakoea, 3.E. I]Jeemkosa, /I.U. Ilucapes, H.H. boiixo, E.IO. Tumouenxo

DIAOY BO HUY «bencopodckuil 20cy0apcmeeHHblil YHUGEPCUTNEN»
Munobprayku Poccuu, 308015, Poccus, e. Berzopoo, yn. Ilobeovl, 85
E-mail: tsvetkova z@bsu.edu.ru

Llenv. Hacmoawas cmambs nocéswena uHmeHCcUDUKaAyusi npoyecca npou3eo0Ccmea 2ycnozo IKCmpakma nio-
008 pacmoponuiy NAMHUCTNOU C UCNOTb308AHUEM VILINPA3BYKOBOU 00pabomku coipbs. Mamepuanst u memoost. B
Kawecmse 00vbeKma Uccied08anus UCNONb308ANU UsMeNbUeHHble nA00bl pacmoponuiu namuucmot om OO0 «buo-
Kopy, e. Ilenza. B xauecmee sxcmpazenma ucnonv3oeanu 600ubli pacmeop smanona 70% o06. [ns ynempaseykoeoii
06pabOMKU pACMUMENbHO2O CbIPbSL U IKCIMPA2EeHMa UChoavb3osanacs yemanoska «Bandelin SONOPULS HD 3200y,
yacmoma ynompa3zeyka 20 kl'y, mownocmos uznyuamens 280 Bm, memnepamypa 25°C. Ceywenue uzgneuenus npo-
800unu ¢ nomowbio pomopnozo ucnapumens RV-10 npu memnepamype 60°C u paspesicenuu 600-650 mm. pm. cm.
00 ocmamounou enasxchocmu 25%. Kavecmeennviii u KOTuuecmeeHHblll aHanu3 2ycmozo dKCmpaKxma npogoouics
Memodamu cnekmpogomomempuu u xpomamozpaguu. Koruwecmsennwiti anaiusz cymmol piasonucHanos nposoouu
Ha cnexmpogomomempe CD-56. Pasoenenue prasorusHano8020 KOMIIEKCA U KOTUYECMBEHHOE OnpedeneHue CUuu-
OuHUHA NPOBOOUNYU HA HCUOKOCHOM Xpomamozpade upmbl «Agilent Technologies 1200 Infinity». Pe3ynemamut u
obcyscoenue. B xooe uccnedosanus yCmanogieHo, Yumo oopabomKka usmMenbyeHHbIX ni0008 pacmoponuu NAMHUCTONU
VILMPA38YKOM HA CMAOUU HAMAYUBAHUS, NPAKMUYECKU 8060€ NOBbIUUAEN 8bIX00 (IaABOIUSAHOB020 KOMNIEKCA U3
JEeKAPCMBEHHO20 PACMUMENbHO20 Cblpbsl. MaKkcumanbHoe Konuuecmeo (hnagoruesHanos uzeiekaemces npu obpabomxe
NI0008 PACMOPONnULY NAMHUCMOU U SKcmpazenma yibmpazeykom ¢ uacmomoui 20 kl'y ¢ meuenue 5 munym. Ilonyyen-
HbLL MAKUM CROCOO0M 2YCMOtl IKCMPAKm Ni10008 paAcmoponiuu NAMHUCIOU 8 KOMNOHEHMHOM COCMABE COOEPIUCUN
KaK yenesou ¢nagonruenanogulii komniexc (87,39%, cunubununa — 24,36%), obecnevusarouyuii 2enamonpomexkmop-
Hoe Oeticmaue, max u GiasoHoudvl — xaopozenogyio kucaromy (1,69%) u oueuopoxeepyemun (10,92%), nposegisio-
wue aHMUOKCUOAHMHYIO AKMUBHOCb. YCMAHO0BIEHO, YMO NO KA4eCMBEHHOMY COCMA8Y (PABONUSHAHOSE NOTYYEHHbII
2YCMOll IKCMPAaKkm COOMEEMCmayem npenapamam Ha 0CHoge pacmoponuu namuucmou. Takum obpasom, enepevie
Npeonodtcer Memoo NOYYEHUs 2YCMO20 IKCMPaKma nio008 pacmoponuiu NAMHUCIOU C UCHONb306AHUEM YIbMPa3-
8YKOBOU 06pAbOMKU CbIPbS U IKCMpA2eHma Ha cmaouu Hamawugsanus. Tlonyuennsiil eycmou sxcmpakm npeonaza-
emcs UCNoNb308amb 6 Kauecmse akmusHol gapmayesmuueckol cyocmanyuu O Npou3B00Cmea epanyil Ha 0CHO8e
MEMUOHUNA U ABOIUSHAHOE PACMOPONULY NAMHUCIOU. 3aKaloueHue. Pe3ynomamol npo6edEHHbIX IKCHEPUMEHNOE
NO380AIOM PEKOMEHO08AMb NOJYUEHUEe 2YCIO20 SIKCMPAKMA NA0008 PACMOPONUYU HAMHUCION, UCNONb3YS CIAOUI0
VIbMPA38YKOBOU 00pAOOMKU CbIPbS U IKCMpA2eHma 8 medenue 5 Munym, npu uacmome ynompaseyka 20 kl'y.

Kniouegwie cnosa: niodsl pacmoponuiy nSAMHUCMOU, 2YCMOU SKCMPAKM, VIbMpa3eyKo8ds IKCMpPaKyus

JJist nuTHpOBAHMA: For citation:
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INTENSIFICATION OF PRODUCTION PROCESS
OF THICK EXTRACT OF MILK THISTLE FRUITS
BY ULTRASONIC PROCESSING OF RAW MATERIALS

E.T. Zhilyakova, Z.E. Tsvetkova, D.I. Pisarev, N.N. Boyko, E.Yu. Tymoshenko

Belgorod State University, 85, Pobedy St., Belgorod, Russia, 308015
E-mail: tsvetkova_z@bsu.edu.ru

The aim. This article is devoted to the intensification of the production process of a thick extract of milk thistle
fruits using ultrasonic processing of raw materials. Materials and methods. As an object of the study, the crushed
milk thistle fruitss from Penza “Biokor” company were used. As the extractant, an aqueous solution of ethanol 70%
vol. was used. For ultrasonic processing of plant materials and extractant, the installation “Bandelin SONOPULS
HD 3200 was used, the ultrasound frequency was 20 kHz, the radiator power was 280 W, and the temperature was
25°C. The concentration of the extract was performed using a rotary evaporator RV-10 at the temperature of 60°C and
a vacuum of 600—650 Mmhg to a residual moisture content of 25%. Qualitative and quantitative analysis of the thick
extract was carried out using spectrophotometry and chromatography. Quantitative analysis of the amount of flavolig-
nans was performed on an SF-56 spectrophotometer. The separation of the flavolignan complex and the quantification
of silibinin was performed on a liquid chromatograph “Agilent Technologies 1200 Infinity . Results and discussion.
During the study it was found out, that processing of the crushed milk thistle fruits by ultrasound at the soaking stage
almost doubles the output of the flavoligan complex from medicinal plant materials. The maximum amount of flavoli-
gnans is extracted when the fruits of milk thistle and extractant are processed with ultrasound at the frequency of 20
kHz for 5 minutes. Thus the obtained thick extract of milk thistle fruits in the component composition contains both
the target flavolignan complex (87.39%, silibinin — 24.36%), providing the hepatoprotective effect, and flavonoids
— chlorogenic acid (1.69%) and dihydroquercetin (10.92%) exhibiting antioxidant activity. It was established that,
according to the qualitative composition of flavolignans, the obtained thick extract corresponds to preparations based
on milk thistle. Thus, for the first time, the method was proposed for obtaining a thick extract of milk thistle fruits using
ultrasonic processing of raw materials and extractant at the soaking stage. The obtained thick extract is proposed to
be used as an active pharmaceutical substance for the production of granules based on methionine and milk thistle
flavolignans. Conclusion. The results of the experiments allow us to recommend obtaining a thick extract of the milk
thistle fruits, using the stage of ultrasonic processing of raw materials and extractant for 5 minutes at the ultrasound
frequency of 20 kHz.

Keywords: milk thistle fruits, thick extract, ultrasonic extraction

BBEJIEHHME. Ilo mamasim BO3 30% nacenenus
CTpasiaeT XpOHHUUECKUMHU AN PY3HBIME 3a00I€BaHUSIMHU
TICYCHN, YTO aOCONIOTHBIX 3HAYEHHAX COCTABIIAET OKOJIO
2 mipa. genosek [1]. Ilpenaparsl, comeprkamue (raBo-
JWTHAHBI TIJIO/IOB PACTOPOIIIHN TSATHUCTOM, Ha CErofl-
HSIIHUNA JICHb SIBJISIOTCS HAauOoJee MIMPOKO MCIIOIb3Y-
€MBIMH PacCTUTEIBHBIMHU JIEKAPCTBEHHBIMH CPEICTBAMHU
mpu 3aboneBaHmsIX 1edeHu [2, 3]. [emaTonporexkTopHOe
JEHCTBHE TUIOMOB PACTOPONIIN TATHUCTOW Silybum
marianum (S. marianum) o0ycIaBIUBacT BXOIAIINN B
UX COCTaB KOMIUIEKC (HIIaBOJUTHAHOB, BKIIOYAIOIINH
CHJIMOMH, CHJIMXPUCTHH, CHJIMIHAHUH U UX CTEPEOH30-
Mepsl [4—7]. OCHOBHBIM KOMIIOHEHTOM CHIIMMApUHOBOTO
KOMIIJIEKCA SIBJISCTCS CHITMOWH [8, 9].

B Xoze mpeaBapuTENbHOTO aHAM3a acCOPTUMEHTA
TeraTonpoTeKTOPOB, 3aperMCTPUPOBAHHBIX Ha (apma-
neBTuueckoM pbiHKe Poccuiickoit ®denepaunu ycra-
HOBJIEHO, YTO JOJISI TIPErapaToB HAa OCHOBE IKCTPAKTa
pacTroponmy MmATHUCTOM cocTaBnser 11,5% nenesoro
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cerMeHTa pbhIHKa. [lomydeHHbIe JaHHBIE TOBOPAT O IIH-
POKOM ITpUMEHEHHH TIPETapaToB Ha OCHOBE IIOIOB pac-
TOPOTIIIH MSTHUCTON B OTEUECTBEHHOM MenunmHe. J{i1s
XapaKTEePUCTUKHN TOJTYYEHHOTO CETMEHTa TemaTolpo-
TEKTOpPOB, OBUT M3y4YEH aCCOPTHMEHT JIEKapCTBEHHBIX
mperapatoB (JII[1) u Guomornueckn akTUBHBIX T0OAaBOK
(BAJI) pacTopomy MATHUCTOH. AHAJIH3 TPOBOIHICS TTO
JTAaHHBIM TOCYJapCTBEHHOTO peecTpa M PerucTpa Jekap-
cTBeHHBIX cpeacts [10, 11]. B xone anammsa 0611 chop-
MHpPOBaH WH(MOPMAIMOHHBII MAacCHB, BKIJIIOYAIOIINH
115 mo3uumii nexkapcTBeHHbIX npenaparoB U bAJl pac-
TOpONIIH TMATHUCTOW. Ha ocHOBaHMM NaHHBIX HH(OP-
MaIMOHHOTO MAacCHBa OBUTH TOCTPOEHBI IHArpaMMBl,
TIPE/ICTaBICHHBIC HA PUCYHKaX |—2, MIUTIOCTPHUPYIOIINE
CTPYKTYpPY acCOPTUMEHTA JIEKapPCTBEHHBIX ITPETIapaToB 1
BAJl pacToponimu NSTHACTOH 1O (papMaKOJIOTHISCKUM
rpynmnaM u ¢opMam, B KOTOPBIX KOMITIEKC OHWojornye-
cku akTuBHBIX BemecTB (BAB) pacroporm naTHUCTOM
sBoautes B JIIT u BAJI.
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Pucynox 1 — Cmpyxkmypa accopmumenma
npenapamos pacmoponuiu RAMHUCMON
no gpapmaronozuyeckum zpynnam, %

U3 pucynka | BUJHO, 4TO OCHOBHAS JOJIS AlITEYHO-
IO aCCOPTMMEHTa PacTOPOIIIM MATHUCTON IpesacTaBiie-
Ha BAJI (89%). Ha pucyHke 2 moka3aHo, 4TO B COCTaB
aHAJIM3MPYEMOr0 CErMeHTa IpernaparoB komiiekc bAB
PacTOPOIIIH MSTHUCTOW BBOAUTCS TPEUMYILECTBEHHO B
¢bopme macia (41%) u cyxoro skcTpakra (28%). Cremy-
€T OTMETUTb, 4TO Ha (papmaneBTHYecKOoM pbiHKe Poccuu
HE 3aperucTpUpOBAaHO HU OAHOTO Ipenapara Ha OCHOBE
TYCTOTO 3KCTPaKTa PacTOPOIMILIY MATHUCTOH. TeM He Me-
Hee, Takas (hopMa DKCTPaKTa SBISETCS MEPCHEKTUBHOM
JUIS1 BBE/ICHHS B COCTAB Pa3JIMUHBIX JIEKAPCTBEHHOU (op-
MBI HE TOJIBKO KaK aKTUBHOH (hapMalieBTUUECKOH CyO-
CTaHLIUU, HO U B Ka4€CTBE CBS3YIOILIET0 KOMIIOHEHTA.

CoBpeMeHHass TEHJCHLUS HCIOJIB30BAHUS CYyXOTO
9KCTPAaKTa PACTOPOIIIN ISATHUCTOH OTYACTH OOYCIIOB-
JIEHa TeM, YTO C LEJIbI0 YBEJIIMUEHHS BbIX0/a (IIaBoJIur-
HAHOB PACTUTEJILHOE ChIPhE 00E3KUPHUBAIOT C UCIIOIB30-
BaHHEM OPraHMYECKHX pacTBOpUTENel (TeTposieiHbII
a¢up, aueToH, XJI0podopM, YETBIPEXXJIOPHUCTHII yIuie-
pox) [12—15]. D10 npuBOAUT K HEBO3MOKHOCTH ITOJIHOTO
yAaleHus OCTATKOB OPraHUYECKHUX pacTBOpUTENeH u3
TYCTOTO 3KCTPAaKTa U Kak CJIEJCTBUE BO3MOXKHOE CHU-
JKEHUE TenaToNpOTEeKTOPHON aKTUBHOCTU U YBEJIMUEHUE
pHUCKa TOKCHYHOCTH Ipernapara.

Kpome TOro, ycTaHOBJICHO, 4YTO OO0C3KUPUBAHHE
IJIOI0B PacTOPOIIIM MSATHUCTON HE TMO3BOJISIET U3BIEUYb
TMIOJTHBI KOMILIEKC OMOJIOTMYECKH AKTUBHBIX BEILECTB
(PAB), obecrieunBarOIUX TEMAaTONPOTEKTOPHOE JIEH-
crBue. /laHHOE OOCTOSITENIHCTBO CBSI3BIBAIOT C CHHEpIe-
THUYECKUM JeHCTBUEM (IaBOJIMTHAHOB U (PJIABOHOM/IOB,
KOHLIEHTpAIUsI KOTOPBIX CYIIECTBEHHO CHMXAETCs MpHU
00€3KMPUBAHUH. IJTO JOKa3bIBAETCSl BBICOKOH TIemaro-
MIPOTEKTOPHON aKTUBHOCTHIO «PacTopommim skcTpakra
KHJKOTO» 1 «PacToponiy HacToiKu», coaepkaiux 6o-
Jiee NoNHbIA Komiieke BAB, ueM y ouniieHHOH cyMMbl
¢naBosurnanos [16]. CymiecTBylomne Ha CeroaHsIIHUHI

Pucynoxk 2 — Cmpykmypa accopmumenma
npenapamos pacmoponuiu RAMHUCMON
no gpopmam eeedenusn komniekca bAB

pacmoponuiu namuucmoit ¢ cocmae JIII u bAJl, %

MOMEHT TEXHOJIOTHYECKHE METOJUKH TOJyYSHUS CYyXUX
9KCTPAKTOB W3 IUIOJOB PACTOPOIILH MATHUCTOM, Oe3 Hc-
MIOJIb30BAHUS CTaJUU OUUCTKH OCHOBAHBI Ha MpOIeccax
Marepanuu u penepkossauuu [17, 18].

Jlnst “HTEeHCUUKAIMK TpoLiecca SKCTPAaKIUK Tpe-
JIaraeTcsl WMCIONb30BaTh YIbTpa3BykoByo (Y3) oOpa-
0OTKy JIEKapCTBEHHOTO pacTuTenbHOro coipbs (JIPC) u
9KCTpareHTa Ha CTaJMU HaMauMBaHHs. YIIBTPa3ByKOBbIC
BOJIHBI CO3/Ial0T KaBUTALMIO U TypOYJICHTHBIE TOTOKH B
cmecu skctpareHTa u JIPC, B pesynsrare 4ero mnpowuc-
xomuT ObicTpoe HaOyxanue JIPC u pacTBOopeHue comep-
YKMMOTO KJIETKH, YBEIWYHMBACTCSI CKOPOCTh TUJIpaTaLuK
YaCTHIl CHIPbs, B MOrpaHUYHOM ] Yy3MOHHOM clloe
BO3HMKAIOT TypOYJEHTHbIE U BHXPEBBIE IMOTOKHU. More-
KyssipHast auddysust BHyTpu ugactun JIPC u B morpa-
HUYHOM AU PY3UOHHOM CIIO€ MPAKTHYECKH 3aMEHseT-
Csl KOHBEKTUBHOM, YTO NPHUBOAMT K WHTEHCHU(UKALUH
MaccooOmeHa [19]. CoracHO nMTEpaTypHBIM JIaHHBIM,
UCIIONIb30BAaHKE YJIBTPA3BYKa MO3BOJIMIIO YCKOPUTD IIPO-
necc akcrpakunu BAB mionos Gosipeininuka, mandes,
TpaBbl JyHIMIBI, YaOpeua, JUCTheB Oa3uiinKa, OyTOHOB
I'BO3/IMKH; YBEJIMYHUTH BBIXOJ (DIIaBOHOWIOB W3 IIJIO/OB
YepeMyXH OOBIKHOBEHHOW; YCKOPHUTH IIpOllecC M yBe-
JIMYUTB BBIXOX dKaucTepouioB Silene viridiflora, Silene
colpophylla v 1.1. [20-22].

Takum obpaszom, chopmupoBana padboyas rumoresa,
coCTOsIIIasi B YBEJIMYEHUH BBIXO/A (DIIABOJIMTHAHOB M3
IUIOJIOB PACTOPOIILIN MPH MCHOJIB30BAHUH YIBTPa3BYKO-
BOIl 00pabOTKHM CHIPbsI M SKCTpAreHTa Ha CTa/JINU Hama-
YHBaHMS.

HOEJb UCCJIEJOBAHUS — unTeHCHbUKAIHS
Ipolecca NPOU3BOACTBA IYCTOr0 AKCTpaKTa IIOJ0B pac-
TOPOIIIM TSATHUCTOW C HCIIOJNB30BAaHHEM YJIBTPA3BYKO-
BOI 00pabOTKH CHIPHSI.

MATEPHUAJIBI U METOIBI. 1511 uccnenoBanuii
HCIIOJIb30BAJIN M3MEIBYEHHBIE TIJI0/(bI PACTOPOIIIIH TISIT-
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Huctoit komnanuu OO0 «buokopy, I. Ilensa. B kauectse
9KCTpareHTa MCIOJIb30BaIM BOJHBIM PAacTBOp JTaHOJIA
70% 00.

BsgemmBanu 10 r (TouHas HaBecka) MJIOAOB PACTO-
POIIIIH MATHUCTOH, U3MEIBUCHHBIX JIO PA3MEPOB YaCTHI]
0.7-1.0 MM, 3aTMBaM YaCTbIO SKCTPAreHTa A0 «3epKa-
J1a» ¥ 00padaThIBAIN MOIYYEHHYIO CMECh YIBTPa3ByKOM
B TeueHue 5, 10 u 15 MUHYT IpH CIEAYIOMNX YCIOBUSIX:
ycranoBka «Bandelin SONOPULS HD 3200», wacrora
yasrpasByka 20, 30 u 40 k[, MOIIHOCTh H3ITydaTemns
280 BT, temmneparypa 25°C. [lanee mponuTaHHOE ChI-
pbe TIepeMelalii B MEPKOJISATOP, HACTAUBAIN B TEUCHUE
24 4acoB W MEPKOJUPOBAIU CHIPHE JO TTOJYUYCHUS IKC-
Tpakra oobemom 80.0 mir B Teuenue 1 yaca. [lomyden-
HBIH DKCTPAKT YMapHBajM C MOMOIIBIO POTOPHOTO HC-
naputenss RV-10 npu temneparype 60°C u paspexeHnn
600—650 MM pT. CT. 10 OCTaTOYHOM BIaXXHOCTH 25%.

KomnmuecTBeHHOE OMpPENEICHUe CYMMBI (DIIaBOJIHT-
HAHOB, M3BJICYCHHBIX U3 IUIONOB S. marianum ¢ UCTOJIb-
30BaHUEM YJBTPA3BYKOBOW 00pabOTKH, ONpPEAeIsIn
COINIACHO METOJMKE CHEKTPO(POTOMETPUYECKOTO OIpe-
JesieHns (pIIaBOJIMTHAHOB 10 PEaKiMi KOMILIEKCO00pa-
30BaHM C aTIOMHUHUS xyopuaoM [23]. 1 mMa cnupTo-Bo-
JTHOTO W3BJICUCHHUSI U3 TUIONOB S.marianum TOMEUIaan
B kon0Oy Ha 100 mur, nmpubapmsu 3 M 2% CHOUPTOBOTO
pacTBopa aTIOMHUHUS XJIOpUIA M JJOBOAMIN O0OBEM pac-
TBOpa 710 METKH BOJHBIM pacTBopoM 3Tanona 70% o0.
OnTUYecKylo TUIOTHOCTH ITOJYYEHHOTO PacTBopa M3Me-
psutn yepes 30 MuHyT Ha ciekrpodoromerpe CD-56 npu
mHe BonHBI 380 HM B KIOBETE ¢ TOIIMHON citog 10
MM. B kauecTBe pacTBOpa cpaBHEHHS TOTOBHIIN PAacTBOP,
coctosimii u3 1 mut uzBneuenus, 1 mi 3%-ro pacteopa
YKCYCHOM KHCIIOTBI, JIOBEJCHHBIH 10 METKH BOJIHBIM pac-
TBOpOM dTaHona 70% o0.

Coneprkanne cyMMBbI (h1aBOJIMTHAHOB B MI/T (X) BbI-
yuCIsuM 1o opmyie 1.

Y D *W, *W, *1000
EY %y *100%

lem

M

rae D — ontiyeckast IIIIOTHOCTB HCCIIEAYeMOro pacT-
BOPA;

EfZ/L - yueanLIﬁ“noxasaTenL HOIJIOIICHHUS T -
aHWHA-CTaHAapTa ( El1 C/jt =67,5);

M — Macca HaBECKU CBIPbS, T;

(W *W/V) — paseenenne pacTopa.

Jl1s Ka4eCTBEHHOIO aHajInM3a KOMIIOHEHTHOI'O CO-
CTaBa IOJYYEHHBIX DKCTPAKTOB HCIIOJIB30BAIH METOX
00paTHO-(Pa30BOi BBHICOKOAI(PPEKTHUBHON KUAKOCTHOM
xpomarorpapun (OP BDIXKX). B kadectBe BemiecTn
CTQHJApPTOB HCIIONB30BAIM TAKCU(OIMH U CHIMOUHUH
(Merck Sigma-Aldrich). Ananu3 npoBoanIN Ha XpoMa-
torpagde «Agilent Technologies 1200 Infinity» c aBToma-
TUYECKUM TPOOOOTOOPHUKOM, BaKyyMHBIM MHKPOJ03a-
TOPOM, TPAIMEHTHBIM HACOCOM M TepmocTaroM. CymMmy
(raBOMMTHAHOB TIOZBEpraiyd XpoMarorpapudeckoMy
pa3IeeHHIo B CIEAYIOMMX YCIOBHAX: MOABIDKHAS (aza
(A) — 1% BoaHBINH pacTBOP KHCIOTHI MypaBbHHOH, (B)
— CTIUpT 3TWIOBBIH 95% B TPAaJMEHTHOM pPEXNME 3ITIO-
MpOBaHus; KOJMOHKa: Ascentis express C,, 2,7 um % 100
MM X 4,6 MM; CKOPOCTh TIOABIKHOH (hazer: 0,5 mi/MuH;
Temneparypa KomoHkH: +35+0,01°C; oOwpem mpoOsL:
140,001 pwm [24].

PE3VJIBTATBI U OBCYXXJIEHHME. Ha nepsom
sTare paboTsl OBIIO POBEACHO CPAaBHEHKE BBIXOAA (hia-
BOJIUTHAHOBOTO KOMIUIEKCA U3 IIOAOB PACTOPOIIIIH IIST-
HHUCTOH B 3aBHCHMOCTH OT BPEMEHH OOPaOOTKH CHIPHS
U KCTpareHTa yAbTPa3sByKOM Ha CTaJuH HaMadUBaHHS.
CHeKTpsbl OIIONICHHS HEO3BYYEHHOTO CBIPhS U U3MEIb-
YEHHBIX IUIOZ0B, 00pabOTaHHBIX YJIBTPAa3BYKOM B Tede-
Hue 5, 10 1 15 MUHYT, IpUBEICHBI HA PUCYHKE 3.

1.2 - <D> Bpems 06paboTKm ynbTpasByKom, MUH

| —— 0
1.0 5

. 46.98+1.21 mr/r 50.59+1.11 mr/r 10
0.8 —

J 15
0.6 —

44.27+0.87 mr/r

30.27+0.59 mr/r

InMHa BOTHE, HH

I L
350 360 370

380

o0
390 400 410 420

Pucynox 3 — Biusanue epemenu ynbmpazeyko6oii 00padomku Ha 6b1x00 (hnasonuzHanos

478



Pharmacy & Pharmacology V. 6 N 5, 2018 DOI:10.19163/2307-9266-2018-6-5-475-487

U3 pucynka 3 BUJIHO, 4TO CyMMapHbIi BbIXOJ (pla-  yBeJIMUEHHIO BbIXOJa LeneBoi rpynnsl BAB. Ha cre-
BOJINTHAHOB M3 IUIOZOB PAcTOPONINY MATHUCTOW MPH  JIyIOIIEM 3Tare padoThl ObUIA yCTaHOBJICHA ONTUMAIIb-
00paboTKe CBIPbSI M IKCTpAareHTa YJIBTPAa3BYKOM Ha  Has 4acToTa YJIbTPa3ByKOBOW 0OpabOTKH pacTHTENb-
CTaJuU HaMa4MBaHUs B TEUEHHE 5 MUHYT yBEIUYMBA- HOTO CBIpbsS M 3KcTpareHTa. CHEeKTphl MOIIONIEHUS
€TCs IPAKTUYECKHU BJIBOE MO CPABHEHMIO C HEO3BYUYEH-  OKCTPAKTOB, IMOJIYYEHHBIX NPH 00paboTKe M3MeNbueH-
HBIM cbIppeM. Kpome Toro, u3 pucyHka 3 BHJIHO, 4YTO  HBIX IUIOJOB PAacTOPONIIM MATHUCTON M IKCTpareHTa
Oosee quMTenbHas 00pabOTKa CHIPbS M IKCTpareHTra  yabTpas3BykoMm ¢ yactotoit 20, 30 u 40, npuBeseHbl Ha
Ha CTaJ1y HaMa4MBaHUs yIbTPA3BYKOM He IPUBOJUT K PHUCYHKe 4.

1.2  <D> YacToTa ynbTpassyKa, KI'l,

10 ] —FF— 20
] 50.59+1.11 mr/r —F— 30

0.8 — 44.45+1.05 mr/r — 40

39.53+0.86 mr/r

. InMHa BOMNHE, HM
I L L L
350 360 370 380 350 400 410 420

Pucynok 4 — Bruanue wacmomal ynbmpazeyka Ha 6b1X00 (PagonuzHanog

W3 pucyHka 4 BHIHO, YTO MAaKCHMaJbHOE KOJHM-  TPUYECKOTO OIpejaesieHns (IaBoJMTHAHOBOTO KOM-
4ecTBO ()IaBOJUTHAHOB HM3BJIEKAECTCS HpH 00padoT-  IieKca B IOJYYEHHBIX W3BJICUCHUSAX B 3aBUCUMOCTH
K€ CBHIPbsl M JKCTpareHTa YJIbTPA3BYKOM C 4YacTOTOM  OT peXuMa YIbTPa3BYKOBOH 00paOOTKM NpHBEIECHBI
20 xI'u. O0o6meHHbIe pe3yabTaTsl crekrpodorome- B Tabdbmume 1.

Tabnuya 1 — Pe3ynomamol KonuuecmeeHH0Z0 onpedesieHus QYasonuzHan06020 KOMNIEKca, U361e4eHH020 U3
n100086 S. marianum 6 3a8UCUMOCHIU OM PEIHCUMA YTIbMPA3EYKOBOIl 00PadOmMKU

Bpems Yacrora yabrpasByka, k'
YABTPa3BYKOBOM 20 | 30 | 40
00padoTKH, MHH Konuentpamnus ¢aBoIurHaHoB, Mr/t
5 50,59+1,11 44,45+1,05 39,53+0,86
10 46,98+1,21 42,43+1,15 36,73+1,04
15 44,27+0,87 40,96+0,98 35,83+1,19

Takum oOpa3zom, WCXoms W3 NaHHBIX TaOmwmmbel 1,  cHmKaeTcs. Bo3aMokHO, Takoe cHIKeHHE Bbixoga bAB
YCTaHOBJICHO, YTO MAaKCHMaJbHOE KOJIHYECTBO (DIaBO-  CBS3aHO C JECTpyKUOUEH (DIaBOIMTHAHOB IPU YBEIHYC-
JIUTHAHOB HW3BIIEKACTCSA TMpH 0OpabOTKe IUIONOB pac-  HHUM YacTOTHI yIbTPa3ByKa W BPEMEHHU YIBTPa3BYKOBOU
TOPOIIIIN MMATHUCTOW W DKCTPareHTa YIBTPa3ByKOM ¢  00pabOTKH.
yactorod 20 k['n B Teuenue 5 MunyT. [Ipu ucnosb3o- Ha cnenmyromem 3tamne paboThI IPOBOAMIICS aHAIIN3
BaHUU YIBTPa3ByKa 00Jiee BBICOKOH 9acTOTHI MM 00pa-  KOMIOHEHTHOTO COCTaBa I'yCTOTO SKCTPAKTa IUIOIOB pac-
0OTKe B TeUeHUE OOJIee JTUTEIBHOTO BPEMEHH, KOHIIEH-  Toponiu msaTHrcTor Metogom O® BIXX. ITomyuennas
Tpamus (QIaBOJUTHAHOB B JKCTPAKTE HE3HAUYUTENBHO  XpOMAaTOTpaMMa IIPUBEICHA HA PUCYHKE 5.
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Pucynok 5 — Xpomamozpamma hnagonuznanos 2ycmozo IKCmpaxkma

Ilo JaHHBIM XpOMaTOoIrpaMMBbI OIIPEACIICH KOMIIOHCHTHBIM COCTaB T'yCTOI'0O 3KCTpAaKTa pacTOPOIIIN HﬂTHHCTOﬁ,

NIPUBEACHHBIN B TaOIUIE 2.

Tabnuya 2 — Komnonenmmuulii cocmag 2ycmoz20 IKCMpPaKma nioo0e pacmoponuiu nAMHUCHON

HNnenTnpuuupoBaHHoe cOeINHECHHE

Bpems ynep:xxuBanus, t,

ILnomann muka, mAU*s

Xioporenosas kuciora (1) 6,16+0,30 171,98+4,20
Jurunpoxsepuerus (11) 12,13+0,36 1113,46+10,51
®naonuraad (I11) 18,20+0,34 4620,89+19,13
Cuubus (IV) 24,31+0,36 1182,60+14,20
Cumnous (V) 25,03+0,33 1345,41+16,80
®naonurnad (VI) 26,66+0,25 1133,32+12,16
®naomuraan (VII) 26,88+0,24 625,80+6,88
n=3 P=95%

W3 Tabnmris! 2 BUAHO, 9TO TIOMHAMO (PITaBOIMTHAHOBOTO
KOMIDIEKCa, 00TaaroIIero TermaTonpoTeKTOPHOH aKTHBHO-
CTBIO, B TYCTOM SKCTPAKTE TUIOIOB PACTOPOIIIIIH TSI THICTOM
TaKoKe COIEPIKATCS XJIOPOTeHOBAs KICIIOTa U JUTAAPOKBEP-

LCTHH, IPOSABIAIONNEC AHTUOKCUAAHTHOC ,E[eﬁCTBPIe.

[Momy4ennsle B xoz1e XpoMarorpadupoBaHus MIIOMIA-
I TIMKOB (DIaBOHOMIOB M (MIaBOJIMTHAHOB, MCIIOIb30BA-
T I pacdéTa OTHOCHTENLHOTO CONCPIKaHUS KasKI0To
13 KOMIIOHEHTOB METOJIOM BHYTPEHHEH HOpMalH3aIiu.

Pe3ynbTarsl IprUBeCHBI B BUJIE THAarpaMMbl Ha PUCYHKE O.

Pucynok 6 — IIpouenmnoe pacnpedenenue pnagonoudos u (paasonuzHanos

6 2ycmom IKCmpaxkme n10006 pacmoponuiu nAMHUCMOTL
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CornacHo JaHHBIM, MPEACTABICHHBIM B Ta0nuie 2
1 Ha PUCYHKe 6, 1ot cunuOuHuHA cocTasiser 24,36%,
XJIOPOT€HOBOM KUCIOTHI — 1,69%, a AUTHAPOKBEPIIETHHA
—10,92%.

3AKJ/IIOYEHHME. YcTaHOBNEHO, YTO CyMMAapHBIH
BBIX0J] (DJTaBOJIMIHAHOB W3 IUIOJIOB PACTOPOIIIH ISITHHU-
CTOM Ipr 00pabOTKE CHIPBS U DKCTPAreHTa yJIbTPa3ByKOM
Ha CTaJMM HaMa4yMBaHHs YBEJIWYMBACTCS MPAKTHUECKH
B/IBOE 110 CPAaBHEHHIO C HEO3BYUCHHBIM ChIpheM. Makcu-
MaJIbHOE KOJIMYECTBO (PIaBOJIMIHAHOB M3BJICKACTCS TPH
00paboTKe IJIONOB PACTOPOIIIIN TATHUCTON M 3KCTpa-
TeHTa yabTpa3BykoM ¢ yacToToi 20 kI'11 B TeueHue 5 mu-
HyT. [Ipu ¥cnonb30BaHUM yIbTpa3Byka 0oliee BBICOKOM
YacTOThI WM 00paboTKe B TeUeHHE OoJee JTUTEILHOTO
BpPEMEHHM, KOHIIEHTpanusi (IaBOJIMTHAHOB B DKCTPAKTE
HE3HAUUTEIIbHO CHIDKaeTcs. Bo3MOXKHO, Takoe CHUXKe-

Hue Bbixona BAB cBsizano ¢ necrpykiueit ¢aBonur-
HaHOB NP YBEJIWYEHHH YacTOTHI YJIbTPa3ByKa U BpeMe-
HU yJIbTpa3ByKoBoil 00paborku. Merogom OP BOKX
YCTAHOBIICHO, YTO I'yCTOM 9KCTPAKT IJI0JI0B PACTOPOTIIIH
MSITHUCTOW, TIOMYYEHHBIH C HWCIIOJIb30BAaHUEM JaHHBIX
MapaMeTPOB YIBTPAa3BYKOBOW 0OPaOOTKH, COICPKUT B
KOMITOHEHTHOM COCTaBE Kak LeJIeBOM (p1aBoIMIHaHO-
BbIil KomIuieke (87,39%, cumubununa — 24,36%), ode-
CTIEUMBAMOIINY TeNaTONPOTEKTOPHOE JICHCTBUE, TaK H
(1aBOHOUIBI — XJIOPOTCHOBYIO KucaoTy (1,69%) u nu-
rugpoksepuetrH (10,92%), mposBisIOImINE aHTHOKCH-
JAHTHYIO aKTHBHOCTB. [loJMydeHHBIH TI'yCTOH 3KCTpakT
TIpe/IIaraeTcst UCIoib30BaTh B KayeCTBE aKTHBHOHU (hap-
MalleBTHYEeCKON CyOCTaHIIMU JUIsi TIPOU3BOACTBA TPaHyII
Ha OCHOBE METHOHMHA WM ()JIABOJMTHAHOB PACTOPOIIIIH
MATHUCTOH.

INTRODUCTION. According to the WHO, 30%
of the population suffers from chronic diffuse liver dis-
eases,in absolute values these are about 2 billion peo-
ple [1]. The drugs containing milk thistle flavolignans
are the most widely used herbal remedies for liver dis-
eases nowadays. [2, 3]. Hepatoprotective effect of the
milk thistle fruits of Silybum marianum (S. marianum)
is causesed by the complex of flavolignans, including
silybin, silichristin, silidianin and their stereoisomers
[4-7]. The main component of the silymarin complex
is silybin. [8, 9].

During the preliminary analysis of the range of hepa-
toprotectors registered on the pharmaceutical market of
the Russian Federation, it was established that the share
of preparations based on milk thistle extract is 11.5% of

Figure 1 — The structure of the range
of milk thistle MP and BAA by
pharmacological groups, %

From Figure 1 it is clear that the main share of the
pharmacy assortment of milk thistle is represented by
BAA (89%). Figure 2 shows that in the analyzed seg-
ment of medicines the complex of milk thistle BAS is
represented mainly in the form of oil (41%) and dry ex-

the target market segment. The findings suggest a wide-
spread use of preparations based on milk thistle fruits in
domestic medicine. To characterize the segment of hepa-
toprotectors obtained, a range of medical products (MP)
and biological active additive (BAA) of milk thistle was
studied. The analysis was carried out according to the
state register and the register of medicines [10, 11]. In the
course of the analysis, an information array was formed,
comprising 115 positions of MP and BAA of milk this-
tle. Based on the data of the information array, diagrams
have been constructed, shown in Figures 1-2, illustrating
the structure of the range of MP and BAA of milk thistle
pharmacological groups and forms in which the complex
of biologically active substances (BAS) of milk thistle is
introduced into the MP and BAA.

Figure 2 — Structure of the range of milk
thistle preparations according to the forms of
administration of the milk thistle complex BAS in the
compositions of MP and BAA, %

tract (28%). It should be noted that there is not a single
medicine based on the thick extract of milk thistle that
has been registered on the Russian pharmaceutical mar-
ket. However, this form of the extract is promising for
the introduction into the composition of various dosage
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forms not only as an active pharmaceutical substance, but
also as a binder.

The current trend of using dry extract of milk thistle
is partly due to the fact that to increase the output of fla-
volignans, herbal raw materials are degreased by organic
solvents (petroleum ether, acetone, chloroform, carbon
tetrachloride) [12—15]. This leads to the impossibility of
complete removal of residues of organic solvents from
the thick extract and, as a consequence, a possible de-
crease in hepatoprotective activity and an increase in the
risk of toxicity of the medicines.

In addition, it was found out that degreasing of milk
thistle fruits does not allow to extract the full range of
biologically active substances (BAS) that provide a hepa-
toprotective effect. This circumstance is associated with
the synergistic effect of flavolignans and flavonoids, the
concentration of which significantly decreases during
degreasing. This is proved by the high hepatoprotective
activity of “Milk thistle liquid extract” and “Milk thistle
tincture” containing a more complete complex of BAS
than the purified amount of flavolignans [16]. The cur-
rently existing technological methods for obtaining dry
extracts from the milk thistle fruits, without using the pu-
rification stage, are based on the processes of maceration
and repercolation [17, 18].

To intensify the extraction process, it is proposed to
use ultrasonic (US) processing of medicinal plant materi-
als (MPM) and extractant at the soaking stage. Ultrasonic
waves create cavitation and turbulent flows in the mix-
ture of extractant and MPM, resulting in a rapid swelling
of MPM and dissolution of the cell contents, increasing
the rate of hydration of raw material particles, turbulent
and vortex flows occur in the boundary diffusion layer.
Molecular diffusion inside the MPM’s particles and in
the boundary diffusion layer is almost replaced by the
convective one, which leads to mass transfer intensifi-
cation. [19]. According to the literary data, the use of ul-
trasound made it possible to speed up the process of ex-
tracting BAS out of hawthorn fruits, sage, oregano herb,
thyme, basil leaves, carnation buds; to increase the out-
put of flavonoids from the fruits of the bird cherry; speed
up the process and increase the output of ecdysteroids
from Silene viridiflora, Silene colpophylla, etc. [20-22].

Thus, a working hypothesis has been worked out,
consisting of increasing the output of flavolignans from
milk thistle fruits by ultrasonic processing of raw materi-
als and extractant at the soaking stage.

THE AIM of the study is to intensify the production
process of a thick extract of milk thistle fruits by ultra-
sonic processing of raw materials.

MATERIALS AND METHODS. As an object of
study, crushed milk thistle fruits from “Biokor” compa-
ny from Penza were used. As the extractant, an aqueous
solution of ethanol 70% vol. was used.

10 g (exact weight) of milk thistle fruits were
weighed, then crushed to a particle size of 0.7-1.0 mm,
poured with a part of the extractant “to the mirror” and
the mixture was treated with ultrasound for 5, 10 and 15
minutes under the following conditions: setting “Ban-
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delin SONOPULS HD 32007, ultrasound frequency of
20, 30 and 40 kHz, radiator power of 280 W, the tem-
perature at 25°C. Next, the impregnated raw material was
transferred to a percolator, infused for 24 hours and the
raw materials were percollated to obtain an extract with
a volume of 80.0 ml for 1 hour. The extract obtained was
evaporated using a rotary evaporator RV-10 at the tem-
perature of 60°C and a vacuum of 600-650 Mmhg to a
residual moisture content of 25%.

Quantitative determination of the amount of flavolig-
nans extracted from the fruits of S. marianum using ultra-
sonic procession, was determined according to the meth-
od of spectrophotometric determination of flavolignans
by the complexation reaction with aluminum chloride
[23]. 1 ml of the alcohol-water extraction from S. maria-
num fruits was placed in a flask at 100 ml, 3 ml of a 2%
alcohol solution of aluminum chloride was added and the
volume of the solution was made up to the mark with an
aqueous solution of ethanol 70% vol. The optical density
of the obtained solution was measured after 30 minutes
on an SF-56 spectrophotometer at the wavelength of 380
nm in a cuvette with a layer thickness of 10 mm. As a
reference solution, the prepared solution consisted of 1
ml of extraction, 1 ml of a 3% solution of acetic acid,
it was made up the volume with an aqueous solution of
ethanol with 70% vol.

The amount of flavolignans in mg/g (X) was calcu-
lated by Formula 1:

_ D*W,*W,*1000
E" % m* Y *100%

lem

(M

where D — optical density of the test solution;

E112/:4 — specific absorption of silidianin-standard
(E" =67.5);

m — weight of raw material, g;

(W *W/V) — dilution of the solution.

For the qualitative analysis of the composition of the
obtained extracts, the method of reverse-phase high-per-
formance liquid chromatography (RP HPLC) was used.
Taxifolin and silibinin were used as reference substances.
(Merck Sigma-Aldrich). The analysis was carried out on
an “Agilent Technologies 1200 Infinity” chromatograph
with an automatic sampler, a vacuum microbagger, a gra-
dient pump and a thermostat. The amount of flavolignans
was subjected to chromatographic separation under the
following conditions: mobile phase (A) — 1% aqueous
formic acid solution, (B) — 95% ethyl alcohol in a gra-
dient elution mode; the column: Ascentis express C,,
2,7 pm x 100 mm x 4,6 mm; speed of the mobile phase:
0.5 ml/min; the column temperature: + 35 + 0.01°C; the
sample volume: 1 £0.001 um [24].

RESULTS AND DISCISSION. At the first stage of
the experiment a comparison between the output of the
flavolignan complex from the milk thistle fruits depend-
ing on the time of processing the raw material and the
extractant with ultrasound at the soaking stage was made.
The absorption spectra of non-sounded raw materials and
crushed fruits, processed by ultrasound for 5, 10 and 15
minutes are shown in Figure 3.
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1.2 — <D> Sonication time, min
1 —F— 0
1.0 c
- 46.98+1.21mg/g  50.59t1.11mg/g 10
0.8 —

— 15

.27+0.87 mg/g

30.27+0.59 mg/g

Wavelength, nm
rF 11 1 > 17 " 1 7 ]
350 360 370 380 390 400 410 420

Figure 3 — The effect of ultrasonic processing time on the output of flavolignans

From Figure 3 it can be seen that the total output  the output of the target group of biologically active sub-
of flavolignans from milk thistle fruits during the pro-  stances.
cessing of the raw material and the extractant with ul- At the next stage of the experiment, the optimum fre-
trasound at the stage of soaking for 5 minutes increases  quency of ultrasonic processing of plant materials and
almost twice as compared with the non-sounded raw  extractant was established. The absorption spectra of
material. In addition, from Figure 3 it can be seen thata  extracts obtained by processing of crushed milk thistle
longer processing of the raw material and the extractant  fruits and extractant by ultrasound with the frequency of
by ultrasound at the stage of soaking does not increase 20, 30 and 40 kHz are shown in Figure 4.

1.2 { <D> Ultrasound frequency, kHz
10 ] —F— 20

] i 50.59+1.11 mg/g —— 30
0.8 — 44.45+1.05mg/g —— 40

39.53+0.86 mg/g

Wavelength, nm
0 rF " L
350 360 370 380 350 400 410 420

Figure 4 — Effect of ultrasound frequency on the output of flavolignans

From Figure 4 it can be seen that the maximum  sults of the spectrophotometric determination of the
amount of flavolignans is extracted when the raw ma-  flavolignan complex in the obtained extracts, de-
terial and the extractant are processed by ultrasound pending on the ultrasonic treatment mode, are given
with the frequency of 20 kHz. The summarized re- in Table 1.
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Table 1 — Results of quantitative determination of flavolignan complex extracted from fruits of S. marianum,
depending on the mode of ultrasonic processing

Ultrasonic Ultrasound frequency. kHz
processing time. 20 | 30 | 40
min. Flavolignan concentration. mg/g
5 50.59 + 1.11 44.45+1.05 39.53 £ 0.86
10 46.98 +1.21 4243 +1.15 36.73 = 1.04
15 44.27 £ 0.87 40.96 + 0.98 35.83 £ 1.19

Thus, based on the data of Table 1, it was found out
that the maximum amount of flavolignans is extracted
when processing milk thistle fruits and extractant by ul-
trasound at the frequency of 20 kHz for 5 minutes. When
using ultrasound at a higher frequency or processing for
a longer time, the concentration of flavolignans in the ex-
tract is slightly reduced. It is possible that such a decrease

in the output of BAS is associated with the destruction
of flavolignans with increasing ultrasound frequency and
ultrasonic processing time.

At the next stage of the study, the component compo-
sition of a thick extract of milk thistle fruits was analyzed
by RP-HPLC. The resulting chromatogram is shown in
Figure 5.

Figure 5 — Chromatogram of flavolignan of the thick extract of milk thistle fruits

According to the chromatogram data, the component composition of a thick extract of milk thistle has been de-

termined. It is shown in Table 2.

Table 2 — Component composition of a thick extract of milk thistle fruits

Identified compound Retention time. t, Peak area. mAU*s
Chlorogenic acid (I) 6.16 £ 0.30 171.98 £4.20
Dihydroquercetin (II) 12.13+0.36 1113.46 +10.51
Flavolignan (III) 18.20 +0.34 4620.89 + 19.13
Silybin (IV) 24.31 +0.36 1182.60 = 14.20
Silybin (V) 25.03 +£0.33 1345.41 + 16.80
Flavolignan (VI) 26.66 +=0.25 1133.32+12.16
Flavolignan (VII) 26.88 +0.24 625.80 + 6.88

n=3 P=95%

From Table 2 it can be seen that in addition to the
flavolignan complex with hepatoprotective activity, the
thick extract of milk thistle fruits also contains chloro-
genic acid and dihydroquercetin, which exhibit an anti-
oxidant effect.
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Obtained in the process of chromatography, the peak
areas of flavonoids and flavolignans were used to calcu-
late the relative content of each of the components by the
method of internal normalization. The results are shown
in the diagram (Figure 6).
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Figure 6 — Percentage parceling of flavonoids and flavolignans in a thick extract of milk thistle fruits

According to the data presented in Table 2 and in
Figure 6, the share of silybin is 24.36%, chlorogenic acid
—1.69%, and dihydroquercetin — 10.92%.

CONCLUSION. It has been established that the
total output of flavolignans from milk thistle fruits
during processing the raw material and the extractant
by ultrasound at the stage of soaking increases almost
twice as compared to the non-sounded raw materi-
al. The maximum amount of flavolignans is extracted
when processing the fruits of milk thistle and extractant
with ultrasound at the frequency of 20 kHz for 5 min-
utes. When using ultrasound at a higher frequency or
processing for a longer time, the concentration of fla-
volignans in the extract is slightly reduced. It is pos-

sible that such a decrease in the output of biologically
active substances is associated with the destruction of
flavolignans with increasing ultrasound frequency and
ultrasonic processing time. By the RP-HPLC method
it has been established that the thick extract of milk
thistle fruits, obtained with the use of ultrasonic pro-
cessing parameters, contains both the target flavolignan
complex (87.39%, silibinin — 24.36%), providing the
hepatoprotective effect, and flavonoids — chlorogenic
acid (1.69%) and dihydroquercetin (10.92%) exhibiting
antioxidant activity. The obtained thick extract is pro-
posed to be used as an active pharmaceutical substance
for the production of granules based on methionine and
milk thistle flavolignans.
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METOA ONPEAENEHUA BEPXHEIO NPEAENA
AYTOPETrynauunn Mmo3roBoro KPOBOOBPALLEHUA Y KPbIC

A.B. Bopoukos, A.C. JIvicenko

Ilamueopckuil meduko-papmayesmuyecKutl UHCIMUmMym —
Gunuan @I'BOY BO «Boneoecpadckuii 20cyoapcmseentviil meOuyunckull ynusepcumemy Munzopaea Poccuu,
357532, Poccus, e. [lamueopck, np. Kanununa, 11
E-mail: a.s.lysenko@bk.ru

Ocnognou 3a0ayeti (henomena aymopeyiayuu M0o3206020 KpOB8oOOpaujeHus A618encs noodepiicanue nocmo-
SHHOU CKOPOCMU MO32068020 KPOBOMOKA NPU USMEHEHUSX CUCTEMHO20 apmepudibHo20 0a6leHus. 6 Ouandasone om
50 mm pm. cm. 0o 150 mm pm. cm. J[na uzyuenus 0anno2o A61eHus Cywecmayem 08a nooxood: OUHAMUYecKUll u cma-
muueckuu. M3zeecmno, umo OuHAMUHECKU NOOX0O0 U3VUEHUs. AyMOPeSyIAYUY MOJHCEM NpU NOMOWU PACUHENHbIX NO-
Kazameinel KOCGEHHO 0XapaKmepu308ams OaHHLIIL eHoMeH, d ONUCAHHbIE CIAMUYECcKUe MemoObl MOIbKO HUNCHULL
npeden aymope2yisiyuu mo3e08020 kposomoxa. Llenvto uccnedosanus ssuiace paspabomka memooa onpeoeneHus
3HAYeHUs. OA6IICHUS 8 MOYKE (CPbIBAY BEPXHE20 Npedena aymopeyiayuu yepeobpanbHol cemoounamuxu. Mamepuansl
u memoowl. Jxcnepumenm Ovl goinonnen na kpwvicax camyax 200—-250 2 nunuu Wistar, cooeparcawuxcs 6 Cmanoapmubix
yenosusix eusapusi. Cymb mMemooa yCmano81eHUs. 6epXHell MOYKU «CPLLEA» aAYyMOPeSYNamMOPHbIX MEXAHUSMOE MO320-
6020 KPOBOOOPAUEHUS 3AKTIOHUACTNCS 8 HACHEMAHUU NPU ROMOWU NEPUCTMATLINUYECKO20 HACOCA KPOBU U3 BeOpeHHOTl
apmepuu 6 obe CoHmble, KOHMPOIUPYS NPU IMOM Od6LeHUe U CKOPOCb MO3208020 Kposomoka. Bo usbescanue nome-
PU Kposu 8 pe3yiibimame nepepacnpeoenetius KposomoKa nepesasvleail HapydicHvle conHble apmepuu. /lasnenue us-
Mepsiiu npambim memooom. Tak kak dasnenue co30aemcsi COnPOMuUBIEeHUeM cocy008 20J108HO20 MO32d, MO €20 MOICHO
usmepums 6 mecme 6x00da CHEYUAILHO CMOOETUPOBAHHBIX Kamemepogs 6 connvie apmepuu. CKopocms M03208020 Kpo-
60MOKA UBMEPANU YIbMPA38YKOGLIM O0NINEPOCPaAPoM, ucnonwv3ys npoepammy MM-JI-K-MinimaxDoppler v.2.1. [{ns
VCMAHOBNEHUS BO3MONCHOCIIU UCNONBL30BANHUS OAHHO20 MEMOOd 6 U3yYeHUe GIUAHUS 8eWecs Ha aAymopezysayuio
M03206020 Kp0B0OOpaueHUs ObLL U3YUEHO GIUAHUE HUYEPLOTUHA HA OanHblll heHomen. [Ipenapam 6sodunu 6 suoe
cycnensuy uHmapazacmpaibHo Kpvicam 3a 1 uac 0o cuamus noxasanui. Pesynomamol u oocysycoenue sxcnepumen-
ma noKa3aau, Ymo y UHMAaKmHuIX KPblC MOYKA «CPbleay» epxHe20 npedend aymopeyiayuu 0blia 3apurcuposana Ha
165,0+ 3,4 mm pm. cm. (M +m). Cmamucmuueckas 06pabomra noay4eHHbIX OGHHBIX CGUOEMENbCMBYEN 0 HOPMATbHO-
cmu pacnpeodeieHusi NOJY4eHHOU 8bl00PKU U 8ATUOHOCIU pA3PaAOOMAHH020 Memooa. Beedenue nuyepeonuna npuseno
K Y6enuuenuro 0aeieHus npu Komopom Haomooaics «Cpoie» mexanusmoe aymopezyasyuu 0o 181,7 ¥4 ,7 mm pm. cm.,
Ymo OblLI0 OCMOBEPHO Bblle 3HAYEHUL UHMAKMHOIU 2pynnel. 3aKalouenue. B pesyibmame sKkcnepumenma Ha Kpol-
cax camyax OvLIa pazpabomana 6aruOHAsi MEMOOUKA ONPeOeeHUsl 3HAYEHUS KPOBSHO20 OA6IeHUS 8 GePXHell MOoUKe
«Cpuleay aymopezyisyuu yepeopaitbHol 2eMOOUHAMUKY U YCIAHOBNIEHO, YMO HUYEP2OIUH CO8U2dem epanuyy @yHk-
YUOHUPOBAHUsL (heHomena aymopeyisiyuu Kk Oonee 6biCOKUM 3HAYEHUSM.

Knrwouegwie cnosa: aymopezynayuu yepeodpanrbHoll 2eMOOUHAMUKY, BEPXHULL Npedel, OUHAMUYECKAS. aymOopec)yis-
Yust, cmamuyeckas aymopezynsiyusl, MmouKka «Cpbleay, HUYepeoaun
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METHOD FOR DETERMINING THE UPPER LIMIT
OF CEREBRAL AUTOREGULATION IN RATS

A.V. Voronkov, A.S. Lysenko

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

The main objective of the phenomenon of cerebral autoregulation is to maintain a constant cerebral blood flow
rate with changes in systemic arterial pressure in the range of 50 mmH up to 150 Mmhg. To study this phenomenon,
there are two approaches: dynamic and static. The dynamic approach is known to the study autoregulation, can indi-
rectly characterize this phenomenon with the help of calculated indicators, and the described static methods can char-
acterize only the lower limit of autoregulation of cerebral blood flow. The aim of the study was to develop a method
for determining the value of pressure at the “breakdown” point of the upper limit of cerebral hemodynamics autoreg-
ulation. Materials and methods. The experiment was carried out on male rats of the Wistar line weighing 200-250 g,
kept in standard vivarium conditions. The essence of the method of establishing the upper “breakdown” point of the
autoregulatory mechanisms of cerebral circulation is pumping blood from the femoral artery to both carotid arteries
by means of a peristaltic pump, while controlling the pressure and cerebral blood flow velocity. In order to avoid
blood loss as a result of blood flow redistribution, external carotid arteries were ligated. The pressure was measured
by the direct method. Since the pressure is created by the resistance of the cerebral vessels, it can be measured at the
entrance by specially modeled carotid catheters. Cerebral blood flow velocity was measured by an ultrasound doppler
scanner using MDK-Minimax Doppler v .2.1 program. To establish the possibility of using this method in the study of
the influence of substances on the autoregulation of cerebral circulation, the effect of nicergoline on this phenomenon
was studied. The drug was administered as a suspension intragastrally to rats 1 hour before metering. The results and
discussion of the experiment showed that in intact rats the “breakdown” point of the upper limit of autoregulation was
recorded at 165.0 + 3.4 Mmhg (M + m). Statistical processing of the obtained data indicates the normal distribution
of the sample and the validity of the developed method. The introduction of nicergoline led to the increase in pressure
at which there was a “breakdown” of the autoregulation mechanisms to 181.7 £ 4.7 Mmhg, which was significantly
higher than the values of the intact group. Conclusion. As a result of the experiment on male rats, a valid method was
developed for determining the blood pressure value at the highest point of “breakdown” of cerebral hemodynamics
autoregulation and it was established that nicergoline shifts the functioning limit of the autoregulation phenomenon
to higher values.

Keywords: cerebral hemodynamic autoregulation, upper limit, dynamic autoregulation, static autoregulation,
«breakdowny point, nicergoline

BBEJEHHME. Oco0eHHOCTBIO KPOBOCHAOKEHHS
TOJIOBHOTO MO3Ta SIBISIETCS ()EHOMEH ayTOPETYISINH,
KOTOPBI WTpaeT KIIIOYEBOE 3HAYCHHE B ITOJ/ICPXKAHUE
MTOCTOSTHHOTO TIep(y3MOHHOTO aBICHUS B COCYax MO3-
ra MpH U3MEHSIOMIEMCSI CHCTEMHOM apTepHUaIbHOM J1aB-
JeHnU B nuamazoHe oT 50 MM pT. cT. 10 150 MM pT. cT.
[1-4]. Ansa u3ydeHus: JaHHOTO (PeHOMEHA W BIMSHHE Ha
HETO Pa3NYHBIX JEKAPCTBEHHBIX CPEICTB CYIIECTBYET
JIBA METO/Ia: TUHAMHYECKUI W cTaTudeckuit [5, 6]. u-
HaMHUYECKHAH MeToq BIepBbie ObUT ommcaH Rune Aaslid
et al. B 1989 roxy [7]. B mampHeliniee BpeMs 3TOT METO
TIOJTYYWJT IPU3HAHNE YUEHBIX BCETO MUPA M TPHMEHSIET-
cst moBcemecTHO [8—10]. CyTh MeToma 3akiodaeTcs B
M3MEPEHNH HE TPaHMUI] ayTOPETYIISINH, 3 PACUETHBIX T10-
Kazarenei, xapakrepu3ytomux 3ToT ¢peHomed [11]. ITpu-
MepaMH MOTYT CITyXHTh KOMIIPECCHOHHBIA TECT, WHTa-
JSIIUY Ta3aMH, TECT C 3a7EPKKOH JbIXaHNsI, MAHKESTHBIH
TecT u T.A. [12—-14]. B pe3ynbrare nmpoBeaeHNs TaHHBIS
MaHUMYISIAN TO3BOJSIFOT MareMaTHYECKH PacCuUTaTh
K03 DUITMEHTHI XapaKTePH3YIOIIHe COCTOSHUE CHCTEMBI
ayTOpPEryISIH IiepedpanbHoi reMonquHaMukn. Craru-
YecKHit MeTol OBIII OTKPBHIT TOPa3a0 paHbIIC AWHAMU-
YEeCKOTO, €r0 CyTh 3aKITI0YaeTCs B M3yYCHHH HE Tapa-

METPOB, XapaKTePH3YIOIINX CHCTEMY CaMOpPETYJISLHH,
a TpaHUIL, B Ipeleniax KOTOPBIX 3Ta CHCTeMa CIocoOHa
(YHKIMOHUPOBATh, YIOBIETBOPSS MOTPEOHOCTH TOJIOB-
HOTO MO3ra B KHCJIOpOJIE M THTATEIbHBIX BEIeCTBAX
[15]. dns ompenmeneHusl HIDKHETO TpeAesia ayTOperyis-
LM MCHOJIB3YIOTCSI MHOXKECTBO METOAWK OCHOBAaHHBIX
Ha CHIDKCHHH apTepHAaIbHOTO JABICHUS IyTeM HOPIH-
OHHOTO 3200pa KPOBH M3 CHCTEMBI KPOBOOOpAIIICHUS H
U3MEPEHHsI CKOPOCTH MO3TOBOTO KPOBOTOKA Pa3iIMYHBI-
MU METOJMKAMH: HHI'AJSIUH 3aKUCH a30Ta, BOJOPOIHBIH
KIMPEHC, BHYTPUBEHHOE BBEICHHE paIHOHYKICHIOB
(Xel33), yapTpo3ByKOBas IOMIUIEPOTpadUs, Ja3epHas
noruteporpadus u T.4. [16, 17]. OmHaKo COBpEeMEHHBIX
METOJIOB ONpPEIETICHHs BEPXHEro IpeieNa ayToperyiis-
MU B U3BECTHOM HaM JIUTEpaType 0OHAPYKeHO HEe OBLIIO.

HEJb UCCJIEJOBAHMUS — pa3paboTka MeTona
OlpeNieTICHHsT BEPXHEro Ipeenia ayToperyisiiuy 1epe-
OpaNbHOM TeMOTMHAMUKH.

MATEPUAJIBI U METOAbI

Kueommnwie. PazpaboTka meroma ObuTa TIpOBere-
Ha Ha KpbIcax cammax nuHuH Wistar maccoir 200-250
I, COICpIKAIIMXCsl B CTAaHIAPTHBIX YCIOBHAX BHBApHS.
VYemoBusL  copepiKaHMS KMBOTHBIX — COOTBETCTBOBAJIH
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TpeOOBaHUSAM MMOCTAHOBJICHHs [ JTaBHOTO TOCYNapCTBEH-
HOro canutapHoro Bpaua P® or 29.08.2014 Ne51 «O6
yrBepxkaerun CII 2.2.1.3218-14 «CanutapHo-3nuaeMu-
0JIOTUYECKUE TPEOOBAHUS K YCTPOHCTBY, 000PY/I0BaHHIO
U COIEPXKaHHIO HKCIECPUMEHTAIBLHO-OMOIOTMYECKUX
KIIMHUK (BUBapHEB)».

MaHunyasinust ¢ KCHepUMEHTaIbHBIMU KHBOTHbI-
MU BBITIOJHSUICH B COOTBETCTBHU C OOIICHPUHSATHIMH
STHUYECKUMHU HOpMaMH, NpUHATEIMU EBporneiickoit Kon-
BEHIIMEH 10 3alUTe MO3BOHOYHBIX XMBOTHBIX, HCIIOJIb-
3yeMBIX JUISl OKCIIEPUMEHTAIBHBIX W WHBIX HAyYHBIX IIe-
neit (1986) u ¢ yuetom MexayHapOAHBIX peKOMEHJalui
EBporieiickoli KOHBEHIMHU 110 3aIUTE MO3BOHOYHBIX JKHU-
BOTHBIX, HCIIOJIB3YEMBIX IPU DKCHEPUMEHTAJIBHBIX HC-
cnepoBanusx (1997). Bce MaHUTIAIUE COOTBETCTBOBA-
JIM HallMOHaJIbHOMY cTanaapty Poccuiickoit denepannu
T'OCT P-53434-2009 «[TpuHiume! Hapiexkanie 1adopa-
TOPHOM TPaKTHUKNY.

Memoo. J11s1 ycTaHOBJIEHUS TOYHOTO 3HAYCHHUS J1aB-
JICHUSI, KOTOpOE Oy/lIeT COOTBETCTBOBATh BEPXHEH TOUKE
«CpbIBa» AyTOPETYISIIIMN 1IepeOpalibHOI reMonHaMU-
KM OCYILIECTBIISUICS s/l ONIEPAIIMOHHBIX BMEILIATEIbCTB.
Kpbicam moa xJyiopainruapaTHbiM Hapko3oM (400 Mr/kr)
MTPOBOJIMIIM TPENaHAIMIO Yeperna B MPOEKINU CPeaHeH
MO3TOBOW apTepHH Ul KOHTPOJSI CKOPOCTH MO3rOBO-
ro KpOBOTOKAa M KarerepusupoBanu (karerep Flexicat
APEXMED G24) npaByto OenpeHHyI0 apTepHio. 3arem
MTPOBOJIUITN TIEPEBSI3KY 00X HAapyKHBIX COHHBIX apTe-

pvid, 4TOOBI N30€XKaTh MOTEPH KPOBHU BO BpeMsl Iiepepac-
npezenenus kKpoBotoka. [Ipu aTom o6e obuire coHHbIE
apTepuM KaTeTepU3NpPOBAIM CIHELUUAIBLHO CMOACIHPO-
BaHHBIMU TPyOKaMM IO HampaBlIeHUIO K ronose. [lanee
TIPY IOMOIIIY CHIIMKOHOBOW TPYOKH, KpaHOB JUIst HH(Y3H-
oHHOI Tepanuu U MoHuTOpHHTa (Discofix®— B[ BRAUN)
U CIENHANTBHO CMOJCIMPOBAHHBIX MY(T COCIUHSIH
Karerep (CTosMA B OEApEHHON BeHe) M TpyOKH (cTosi-
ye B COHHBIX aprepusix). CaMy CHIIMKOHOBYIO TPYOKy
MIPOITyCKaJIM Yepe3 MepucTaJbTHYecKuidi Hacoc Ismatec
IP Peristaltic Pump. Best cucrema TpyOOK 3amosHsuiach
pactBopom remapuna (5000 ME/mi) B cooTHomieHUH
1/10 Ha ¢usnonormueckom pactBope. Takum obOpaszom,
BOCIIPOM3BEICHHAsI CHCTEMa IO3BOJISICT U3MEHSTH JaB-
JICHWE KPOBOTOKA B COHHBIX apTepHsIX, PEryIUpys KOJIH-
4yecTBO 000poTOB DapabaHa Hacoca. A Tak Kak JaBjcHUC
B CHUCTEME 3aBHCHT OT CONPOTHBICHHUSI COCYJOB T'OJIOB-
HOTO MO3ra, TO U3MEPUTh €ro MOXKHO Ha MECTE COe/IUHe-
HUSI CHITMKOHOBOH TPYOKH U TpyOOK, CTOSIIIINX B COHHBIX
apTepusx, Kyla M MOAKIoYaics mMaHoMeTp. KoHTpoib
CKOPOCTH MO3TOBOTO KPOBOOOpAIIEHHS OCYIECTBISIH
IIpY TIOMOIIIM YJBTPa3ByKOBOTo Jomuieporpada, MM-
J-K-MinimaxDoppler v.2.1. (Canxr-Ilerepoypr, Poc-
cust). [lomydeHHas cuctema Mo3BOJISIET HCCIIEIOBATEINIO
peryJimpoBarh JIaBICHHE B COHHBIX apTepHsX, KOTOPOE
HE 3aBHCUT OT CHCTEMHOTO apTepUaJIbHOTO JIABJICHUS, U
HaOMIOaTh P 9TOM M3MEHEHUS] CKOPOCTH MO3TOBOTO
KpoBoTOKa (puc.1).

TonomeTp

Ilepucraabruyeckuii HacocC

Kpanb! 119 undysui

JlaTuuk
aonmieporpadga

KareTopsbl
B COHHBIX
apTepusix

Pucynox 1 — Cxema ycmanogku 01s onpedenenus 6epxmnezo npeoena aymopeyiayuu y Kpvlc
(¢pomo aemopa)

st ompeseneHuss BO3MOXKHOCTH HCHOJb30BAHUS
JaHHOTO METOJla B H3YYCHHUE BIIUAHUA 6I/IOJ'IOFI/I‘IG-
CKM AKTUBHBIX BCIICCTB Ha CHUCTEMY ayTOPCTYIAINU
mepebpanbHOH TEMOIWHAMUKUA OBIJIO BBHITIOTHEHO WC-
CJICAOBAHUC BJIHAHWA HUICProJIMHA Ha 3TOT q)eHOMeH.
HnuepronnH BBOOWJIN >XHUBOTHBIM B BHUAC CYCIICH3UH
HWHTpAracTpajbHO 3a | bac 70 JKCIIEpUMEHTa B J103€
10 mr/kr. Beibop mpemnapara Obl1 0OOCHOBAH €r0 BIIHS-
HUEM Ha CaMOPETYJSIMI0O MO3TOBOTO KPOBOOOpAIIEHHUS
COTJIACHO JIUTEPATYPHBIM JaHHBIM [18].
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Cmamucmuueckas oopabomka oannvix. Craru-
CTUYECKY0 00pabOTKY AaHHBIX TPOBOIUIIHU TIPH TIOMOIIH
nporpammabl StatPlus2009.

PE3VJIIBTATbI U OBCYXAEHHUE. B pe3synb-
Tare ONpPEACICHUs] TOYKH «CPbIBA» BEPXHEro Ipesesna
ayTOPETYJSIIMU 110 pa3paboTaHHOW HAMHU METONKE MBI
CTOJIKHYJIHCH C OIHOW MpoOieMOi, gaxe uMes nudpo-
BbIC 3HAUCHHS 3aBUCHMOCTH CKOPOCTH MO3TOBOTO KPOBO-
TOKa OT JIABIICHHUSI, OTIPEEIUTh TOUKY BEPXHETO Ipe/esa
ayTOPETyISAIIH HE BO3MOXHO (Tab. 1).



Pharmacy & Pharmacology V. 6 N 5, 2018

DOI:10.19163/2307-9266-2018-6-5-488-498

Ta6ﬂuua 1 - 3asucumocmo CKopocmu mMo03206020 Kposomoka om anﬂeuuﬂ,
nepeuiHsle OaHHble N0 UHMAKMHOIL Kpbice

JlaBjieHHEe, MM PT. CT. CMK, y.e. JlaBjieHHe, MM PT. CT. CMK, y.e.
80 2321 200 3795
90 2331 210 3793
100 2341 220 4074
110 2430 230 4146
120 2433 240 4262
130 2582 250 4262
140 2641 260 4329
150 2930 270 4462
160 2865 280 4462
170 3429 290 4727
180 3561 300 4914
190 3631

Ilpumeuanue: CMK — ckopocmb M03208020 KpOBOMOKA

Kax ButHO 13 Ta0. 1 0THO3HAYHO CKa3aTh, B KAKOM MOMEHT
TIPOM3OIIIET «CPBIBY ayTOPETYISATOPHBIX MEXaHU3MOB HENB3A,
TI03TOMY HamMH OBUIO PEIIeHO MepelTH K rpadrdeckoii oOpa-

60TKe (pHC. 2), HO ¥ ITOT BAPUAHT TIO3BOJISICT JIUIITH OIperic-
JIUTH JTAAIA30H 3HAYCHUI JTABJICHIS, B KOTOPOM HAOIFOIaeTest
PE3KOe YBEITMUYCHHE CKOPOCTH MO3TOBOTO KPOBOTOKA.

5500

5000

4500

4000

3500

CMK,y. en.

3000

2500

2000 .

50 100 150

I[aBJ'leHl/Ie, MM PT. CT.

200 250 300 350

Tpumeuanue: CMK — ckopocmb M03206020 Kposomoxa

Pucynox 2 — I'paghuk 3a6ucumocmu ckopocmu m03206020 Kpo6ooodpauienus
om 0agenuUA y UHMAKMHO20 HCUGOMHO20

Ha puc. 2 BugHO, YTO TOUKAa «CPBIBa» BEPXHErO
npejena ayToperyasliui HaXOJUTCS B AMAla30He AaB-
neHud ot 150 MM pT. ¢T. 10 170 MM PT. CT., YTO BBI-
paxanoch B pe3KOM YBEJIIMUEHUE CKOPOCTH MO3TOBOIO
KpoBoToKa. JlJis1 TOro, 4T0OBl TOYHO OMPECNIUTh 3HA-
YEHUE JABJICHUS MPU KOTOPOM MEXAHH3MBI ayTOPETy-
JIAIUA HE CMOITM KOMIIEHCHPOBAaTh YBEJIMUYUBAIOIIEE-

csl IaBJICHHE, HaMU OBIIT MPEUIOKEH MaTeMaTHIeCKHH
noaxo. Eciim mpuMeHnTh MeTos YrcieHHoro qudde-
peHIMpoBaHUs (GYHKIHUH U 110 MOJYYCHHBIM JaHHBIM
MOCTPOUTHh AU PepeHIHaNbHbIN TpaduK, TO MOXKHO
TOYHO ONPEJENINTh 3HAYCHHWE JaBJIICHUS B CHCTEME,
IIPH KOTOPOM ()€HOMEH ayTOPETYJISIINH yKe He cpaba-
TBIBaeT (puc. 3).
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Tpumeuanue: AU — pasnocmov medxcoy nociedosamenvuvimu usmepenusmu CMK;

AP — paznocmbs medcoy nocae0o8amenbHuIMu MOYKAMU Od61eHUs

Pucynox 3 — Jughgpepenyuanvuuiii cpaghux, nocmpoennulii no nepeuyHbIM OAHHBIM,
ROIYueHHBIM 0N UHMAKMHOU KPbLChl

Ha puc. 3 BuaHO, 9TO MaKCHMABHBIN TIHK IuddepeH-
LIMAJIbHOM KPUBOW COOTBETCTBYET JAaBiieHuto 170 MM pT. CT.,

TaKUM 06p830M, 1 TOYKa «CPbIBa» BEPXHETO IPE/ICiia ayTope-
Ty 6yI[€T COOTBCTCTBOBATb 9TOMY 3HAYCHUIO TaBJICHUS.

Tabnuua 2 — 3navenus HEKOMOPBIX RAPAMEMPOE ONUCAMEILHOI CHIAMUCIUKU

YpoBeHb 3HaunMOoCTH (a1b(da) 0,5%
Pa3mep BEIOOpKH 10
Cpennee 165,0
Hucnepcus 116,666
CraHIapTHOE OTKIOHCHUE 10,801
CranjapTHas omrOKa (CpetHero) 3,415
Koahdunuent Bapuanuu 0,065
Munumym 150,0
Maxkcumym 180,0
Pazmax 30,0
Mennana 165,0
OmnoKka Mearanbl 1,353
AOcosr0THOE OTKIIOHEHHE OT Menuanbl (MAD) | 15,0
Koaddumment qucnepeun (COD) 0,054

B pesynbrare cTaTUCTUYECKON 00paOOTKU TAaHHBIX
(n=10) GBLIO yCTAaHOBIICHO, YTO Y MHTAKTHBIX KPHIC JIaBJIC-
HUE, IPH KOTOPOM HaOJIIOIAETCS «CPBIB» ayTOPETyJISLUH
nepeOpaabHON reMoIMHaMUKH paBHO 165,04 3,4 MMpT. CT.

(M£m), 165,0 = 10,8 (M #+ o). Ipyrue rnokasareiu ornu-
caTeJbHON CTATHCTUKH OOpabOTaHHBIX JaHHBIX CBHU-
JIETETBCTBYIOT O BaJUAHOCTH AaHHOTO meTona (1ad. 2)
1 HOPMaJIbHOCTH pacipesiesieHus JaHHbIX (Tal. 3).

Taénuya 3 — Cmamucmuyeckue 0anHble 0 NPOGEPKU HA HOPMATILHOCHb PACHPeOeeHUA

Pa3mep BbIOOpKH 10 Cpennee 165,0
CranpapTHOE OTKJIOHEHHE 10,8 Menuana 0,0
YposeHb
3HaYeHNE CTATUCTHKU 3HAYUMOCTH Brox: (5%)

Kputepuii Konmoroposa-

0,0 1,0
CwmupnoBa/Jlmundopca HopmanbHOCTB npuHSTa
Kpurepuii Konmoroposa- Huxkakux noarBepxaeHu

0,0 0,150
Cwmuprosa/Crudenca MIPOTHUB HOPMATBHOCTH
Kpurepuii [llanupo-Yunka 0,906 0,258 HopmaneHOCTh npuHSsTa
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VY JKUBOTHBIX, KOTOpbIE 3a 1 Wac O AKCIIepUMEH-
Ta MOJydYald HUIEPrOJIMH, TOYKA «CPBIBA» BEPXHE-
ro Tpejena ayToOperyisiuu Obula 3adUKCHpOBaHa Ha
181,7 £ 4,7 mm pt. ct. (M = m, n = 6), 4T0 OBLIO J0-
CTOBEPHO BBIIIE 3HaYEHUH Y MHTAKTHBIX KpbIc (P<0,05,
t-kpurepuit CTbrofieHTa).

3AKIIOUEHHUE. Takum obpa3zoM, Hamu Oblia
pa3paboTaHa BaluaHAs METOAMKA JJISl OIpENeICHUs
TOYKH «CPBIBA» BEPXHETO IpeJielia ayTOPerysiiuu 1ie-

peOpaibHON TeMOJIMHAMHMKH y MHTaKTHBIX KpbIc. JlaH-
HBIH METOJ] MOXKET OBITh MCIOJB30BaH JUISl U3yUCHHS
BJIMSIHUS JIEKAPCTBEHHBIX CPEACTB Ha ATOT MOKA3aTelb.
Taxke yCTaHOBIEHO, YTO NMPHUMEHEHHWE HULEProJIMHA
CHOCOOCTBYET YBEJIWYCHUIO 3HAUCHHS JIABJICHUS, NPH
KOTOPOM HAaOIIIOIAeTCsl «CPBIB» ayTOPEryJsIHuU Lepe-
OpasbHOW TEeMOAMHAMHKH, T.€. YBEIMYHBAET LIHUPOTY
JMara3oHa AaBlIeHHA (0 MaKCUMAaJIbHO BBICOKOIO), CO-
xpassist peHoMeH.

INTRODUCTION. A peculiarity of cerebral blood
supply is the phenomenon of autoregulation, which plays a
key role in maintaining a constant perfusion pressure in the
vessels of the brain with varying systemic arterial blood
pressure in the range of 50 Mmhg up to 150 Mmhg [1-4].
To study this phenomenon and the effect of various drugs
on it, there are two methods: dynamic and static [5, 6]. The
dynamic method was first described by Rune Aaslid et al.
in 1989 [7]. Later this method was recognized by scien-
tists all over the world and has been applied everywhere
[8—10]. The essence of the method consists in measuring
not the limits of autoregulation, but the calculated indices
characterizing this phenomenon [11].

There can be the following examples: compres-
sion test, gas inhalation, breath hold test, cuff test, etc.
[12—14]. As a result of these manipulations, mathemati-
cal calculation of the coefficients characterizing the state
of the system of cerebral hemodynamics autoregulation
is possible. The static method was discovered much ear-
lier than the dynamic one. The essence of this method is
to study not the parameters characterizing the self-reg-
ulation system, but the limits within which this system
is able to function, satisfying the brain’s oxygen and
nutrient demands [15]. To determine the lower limit of
autoregulation, a variety of techniques are used. They are
based on lowering blood pressure by dose blood sampling
from the circulatory system and measuring the cerebral
blood flow velocity by various methods: nitrous oxide
inhalation, hydrogen clearance, intravenous injection of
radio-nuclides (Xel33), ultrasonic dopplerography, laser
dopplerography, etc. [16, 17]. However, modern methods
for determining the upper limit of autoregulation have
not been found in the literature so far.

THE AIM of the study was to develop a method for
determining the upper limit of cerebral hemodynamics
autoregulation.

MATERIALS AND METHODS. Animals. The
development of the method was carried out on male
Wistar rats weighing 200-250 g, kept in standard vivar-
ium conditions. The animal welfare was in compliance
with the Resolution of the Chief State Sanitary Doctor
of the Russian Federation of August 29, 2014 No. 51
“On Approval of JV 2.2.1.3218-14 “Sanitary and Epi-
demiological Requirements for the Device, Equipment

and Maintenance of Experimental Biological Clinics
(Vivariums)”.

Manipulations with experimental animals were car-
ried out in accordance with the generally accepted ethical
standards adopted by the European Convention for Pro-
tection of Vertebrate Animals used for experimental and
other scientific purposes (1986), taking into account the
International Recommendations of the European Con-
vention for the protection of Vertebrate Animals used
in experimental studies (1997). All manipulations met
the national standard of the Russian Federation GOST
R-53434-2009 “Principles of good laboratory practice”.

Method. To establish the exact value of the pressure,
which will correspond to the upper point of “breakdown”
of cerebral hemodynamic autoregulation, a number of sur-
gical interventions were carried out. The rats under chloral
hydrate anesthesia (400 mg / kg) were trepanned in the pro-
jection of the middle cerebral artery to control the cerebral
blood flow velocity, and then their right femoral artery was
catheterized (Flexicat APEXMED G24 catheter). Then both
external carotid arteries were ligated to avoid blood loss
during the blood flow redistribution. Hereby, both common
carotid arteries were catheterized by specially modeled
tubes towards the head. Then, the catheter in the femoral
vein and the tubes in the carotid arteries were connected
by a silicone tube, taps for infusion therapy and monitoring
(Discofix— BIBRAUN) and specially modeled couplings.
The silicone tube itself was passed through the Ismatec IP
Peristaltic Pump peristaltic pump. The whole system of the
tubes was filled with the solution of heparin (5000 IU/ml)
at the ratio of 1/10 in physiological salt solution. Thus, the
reproduced system makes it possible to change the pressure
of blood flow in the carotid arteries, adjusting the number
of revolutions of the pump drum. And since the pressure in
the system depends on the resistance of the vessels of the
brain, it can be measured at the junction of the silicone tube
and the tubes in the carotid arteries, where the manometer
was interconnected. The velocity control of cerebral circu-
lation was carried out by ultrasonic dopplerography, MM-
D-K-v MinimaxDoppler.2.1. (St. Petersburg, Russia). The
resulting system makes it possible to regulate the pressure
in the carotid arteries which does not depend on the system
blood pressure, and observe the changes in the velocity of
cerebral blood flow (Fig. 1).
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Figure 1 — Installation diagram for determining the upper limit of autoregulation in rats
(author photo)

To determine the possibility of using this method in
studying the influence of biologically active substances
on the system of cerebral hemodynamics autoregulation,
a study of the effect of nicergoline on this phenomenon
was performed. Nicergolin was administered to the ani-
mals as suspension intragastrally 1 hour before the ex-
periment at the dose of 10 mg/kg. The choice of the drug
was justified by its effect on the cerebral hemodynamics
autoregulation according to the literature data [18].

Statistical data processing. Statistical data process-
ing was performed using StatPlus2009 program.

RESULTS AND DISCUSSION. As a result of de-
termining the “breakdown” point of the upper limit of
autoregulation by our methods, we faced the following
problem: even with digital values of the dependence of
the cerebral blood flow velocity on pressure, it is not pos-
sible to determine the point of the upper limit of autoreg-
ulation (Table 1).

Table 1 — Dependence of cerebral blood flow velocity on pressure, primary data on intact rats

Pressure, mmhg CBFYV, r.v. u. Pressure, mmhg CBFY, r.v.u.
80 2321 200 3795
90 2331 210 3793
100 2341 220 4074
110 2430 230 4146
120 2433 240 4262
130 2582 250 4262
140 2641 260 4329
150 2930 270 4462
160 2865 280 4462
170 3429 290 4727
180 3561 300 4914
190 3631

Notes: CBFV — cerebral blood flow velocity, r.v.u. — relative value units

It is evident from Table 1, that it is impossible to
say unambiguously, at what point the “breakdown”
of the autoregulatory mechanisms occurred, there-
fore we decided to switch on to graphical process-
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ing (Fig. 2), but this option only makes it possible

to determine the range of pressure values in which
a sharp increase in cerebral blood flow velocity is
observed.
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Figure 2 — Diagram of dependence of the cerebral circulation velocity on the pressure in an intact animal

In Figure 2 it can be seen that the “breakdown” point
ofthe upper limit of autoregulation is in the pressure range
from 150 Mmhg. to 170 Mmhg. That was expressed by a
sharp increase in the cerebral blood flow velocity. In or-
der to accurately determine the value of pressure at which
the mechanisms of autoregulation could not compensate

for the increasing pressure, a mathematical approach was
proposed. If we apply the method of numerical differen-
tiation of the function and make up a differential graph
from the data obtained, we can accurately determine the
pressure value in the system at which the autoregulation
phenomenon does not work any longer (Fig. 3).
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Notes: AU — difference between successive measurements of CBFV; AP — difference between successive pressure points

Figure 3 — Differential graph, based on the primary data obtained from an intact rat

In Figure 3 it can be seen that the maximum peak
of the differential curve corresponds to the pressure of

170 Mmhg, so the “breakdown” point of the upper limit
of autoregulation will correspond to this pressure value.
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Table 2 — Values of some parameters of descriptive statistics

Level of significance (alpha) 0.5%
Sample size 10
Average 165.0
Dispersion 116.666
Standard deviation 10.801
Standard error (average) 3.415
Coefficient of variation 0.065
Minimum 150.0
Maximum 180.0
Swipe 30.0
Median 165.0
Median error 1.353
Median Absolute Deviation from (MAD) 15.0
Coefficient of Dispersion (COD) 0.054

As a result of statistical data processing (n = 10),
it was found out that in intact rats the pressure at
which “breakdown” of cerebral hemodynamics auto-
regulation is observed, is equal to 165.0 £ 3.4 mmhg

(M £ m), 165,0 = 10,8 (M + o). Other indicators of de-
scriptive statistical processed data show the validity of
this method (Table 2) and normality of the data distribu-
tion (Table 3).

Table 3 — Statistical data on testing for normality of distribution

Sample size 10 Average 165.0
Standard deviation 10.8 Median 0.0

Statistics value | Level of significance Conclusion: 5%
Kolmogorov-Smirnov/ Lilliefors test 0.0 1.0 Normality accepted
Kolmogorov-Smirnov/ /Stephens test 0.0 0.150 No evidence against normality
Shapiro-Wilk test 0.906 0.258 Normality accepted

In animals receiving nicergoline 1 hour before the
experiment, the “breakdown” point of the upper limit of
autoregulation was fixed at 181.7 + 4.7 Mmhg (M + m,
n = 6), which was significantly higher than the values of
intact rats (P<0.05, Student’s t-test).

CONCLUSION. Thus, we have developed a valid
method for determining the “breakdown” point of the

upper limit of cerebral hemodynamics autoregulation in
intact rats, which can be used to study the effect of drugs
on this indicator. It has also been established that the use
of nicergoline increases the pressure value at which there
is “breakdown” of cerebral hemodynamics autoregula-
tion, i.e. nicergoline increases the breadth of the pressure
range (to the highest), at which the phenomenon persists.
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