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Ienu. IlocnedHue HECKObKO Jiem UCCe008aHUS. 8 061acmu MeOUYUHCKOU Xumuu yoeasrom 60.1b-
woe HUMAHUE CO30AHUI0 MONEKYJ, HaNPABIEHHO 8030eUiCm8yrouUX HO KOHKpemHble cucmembl op-
20HUBMA UeSI0BEKA, Op2aHblL U MKAHU, WMO nomozaem CHU3UMb obuiee mokcuueckoe gozdeticmaue
npenapamos Ha Ux 0CHO8e, YMeHbULUMb CMeneHb NPosi8leHUst NOOBOUHbLX d¢hghekmos, a camoe 21as-
HOe — MHO20KPaMHO YCUNUMb Ux mepanesmuueckuil agpgpexm. 9mo moxem bbims docmuzHymo npu
nomowu cneyuguueckozo ezaumooelticmaust NOOOOHbIX 8eUEeCns8 ¢ AKMUSHBIMU UeHMpPamu Kie-
mouHblLX peyenmopos. Hanpumep, Kaacc 21UKONPOmMeuHo8blX peyenmopos, pacnoia2arouiuxcs Ha
Nno8epxXHOCMuU KAemoK HEep8HOU MKAHU U NAPeHXUMblL NeueHU, CeleKmu8HO Casisbleaem pasudHble
2IUKONPOMEUHbL U 2TUKO3UObL, CNOCOOCMBYSL UX NPOHUKHOBEHUIO BHYMpb Kaemok. B 063ope paccemo-
MPEHO BAUSTHUE MAKUX 0COOeHHOCmell cmpyKmypbl JU2AHO08, KAK NPUpooa U ONUHA CesI3YHOULe20
38eHa (cneticepa) mex0y Ya1e800HOTL U HEeY21e800HOU UACTMAMU MONLEKYJTbl, KOSUUECMBO Y2/1e800HbLX
ocmamios 8 cocmage 00HOU MONEeKYbl, A maroke psioa opyaux, Ha agpgpexmusHocmb NPOHUKHOBE-
HUSL CUHMemMuUUYeCcKUux 2/IUKOKOHbI02amo8 8 KIemKu nevueHu.

Memooul. B 0630pe npoaHaausupo8aHo 75 nybaukauuil u 06obueHbl pesyibmambl UCCe008aHULL,
8 KOMOPbLX C NOMOWDBIO N Vitro U in Vivo 3KCNepumMeHmos YCmaHaeusaemes, KaKas cmpykmypa
UCKYCCMBEHHO CUHME3UPOSAHHBLIX NPOU3BOOHBLX Y2/1e80008 OKasKemcest Hauboiee OnmumMaibHol Osist
HanpaesieHHoU 00CmasKu 1eKapcmeeHHbIX cpedcms 8 KAemKu neueHu.

Pesynemamut. Ha nogepxHocmu zenamoyumos (Kiemok neueHu) 8 6onrbuom Koauwecmse npeo-
cmaeneH acuanonurkonpomeuHosslii peyenmop (ASGP-R), komopblii noumu He ecmpeuaemcst HA
opyaux munax Kiemok, umo oenaem e20 UOealbHbiM PeuenmopoM-MUULEHbIO O/l HANPA8IeHHO20
JleueHust 3a0601e8aHULL NeUeHU, 8 MOM UUCTE MAKUX MPYOHO UNEUUMBLX COUUANTBHO SHAUUMBLX 30~
bosiesaruli, Kax eenamouyesvonspHas kapyuroma u eenamum C. Paspabomar psid pazHoodpasHbix
Ju2aH0o8 u cucmem HanpaeneHHol docmasku Kk ASGP-R. Taxkue monekyibl 06513amenbHo umerom
8 cocmase Npou3soo0Hble MOHO- U ducaxapuoos, uawe ecezo npumeHsromest D-a2niorkosa, D-zanaxmo-
3a, D-naxmo3sa u N-auemunzirokozamursl. B 0630pe npugodsimest hpumepobl XUMUUECKUX CMPYKMYpP
Y2/1e800C00epIKaAULUX TU2AHO08.

Barcnrouenue. Iiuxonunudsl Ha ocHoge D-yenesodos 8 cocmage aunocom obecneuusarom ux npo-
HUKHOBEHUE 8 KJIemKU NeUeHU No MexXaHusmy peuenmop-onocpedo8aHH020 KAAMPUH-3A8UCUMO20
9HOOYUUMO3a, KOMOpbLL aKkmusupyemecst npu KoHmaxme yanesoocooepicauiell uacmu aAuzaroa ¢ aK-
musHbm yeHmpom ASGP-R. ITokazaHo, umo 0151 9Mo20 MOAHO UCNOb3080Mb KAK MOHO8AIEHMHbLE
NnpousooHble Y21ee0008, MaK U NOUBANIEHMHbLE 2TUKOKOHbIo2amul. Bapvupys cmpykmypy auzaH-
da u Kosuuecmso 006aensemblx K IUNOCOMe MOOUPUKAUULL, MOIKHO docmuub Haubosbuweso mepa-
nesmuueckozo sagpcpexma. Bonbuioe enusiHue Ha agpuHHOCMb U KIeMOUHbLIL omeem 0Ka3blearom
paccmositHue om nogepxHOCmMuU JUNOCOMbL 00 Y21e800H020 ocmamra (OuHa cneticepa) u eudpopusto-
HO-TUNOGPUNILHBLIL 6ANAHC MONEKYIbL TULAHOA.
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Objectives. Over the last few years, medicinal chemistry research has been focusing on the
creation of molecules that can target particular body systems, organs and tissues, thus abating
systemic toxicity and side effects, and, most of all, boosting therapeutic potential. This goal can
be achieved through the specific interaction of such drugs with active sites of cellular receptors.
For example, glycoprotein receptors that can be found on cellular surfaces in neural tissues
and liver parenchyma, selectively bind various glycoproteins and glycosides, facilitating their
penetration into cells. This review describes how certain parameters of ligand structure (the
nature and length of the spacer between carbohydrate and non-carbohydrate fragments of the
molecule, number of carbohydrate residues per molecule, etc.) influence the penetration efficiency
of synthetic glycoconjugates into liver cells.

Methods. This review article summarizes 75 research papers and discusses data from in vitro
and in vivo experiments showing which structures of synthetic carbohydrate derivatives are
optimal for targeted drug delivery into liver cells.

Results. The surface of liver cells (hepatocytes) contains a significant number of asialoglycoprotein
receptors (ASGP-R) that are almost never found elsewhere. This makes ASGP-R an ideal target for
the directed treatment of liver diseases, including such difficult, socially important conditions as
hepatocellular carcinoma and Hepatitis C. A number of various ligands and targeted (to ASGP-R)
delivery systems have been designed. Such molecules always contain derivatives of mono- and
disaccharides, most commonly D-glucose, D-galactose, D-lactose and N-acetylglucosamines. This
review contains the chemical structures of carbohydrate-based ligands.

Conclusions. Glycolipids based on D-carbohydrates, when in liposomes, facilitate penetration
into liver cells by a receptor-mediated, clathrin-dependent endocytosis mechanism that is
activated upon contact of the carbohydrate-containing ligand fragment with the active site of
ASGP-R. It can be addressed by the use of monovalent derivatives of carbohydrates as well
as polyvalent glycoconjugates. Alterations in the ligand structure and the number of liposomal
modifications can boost the therapeutic effect. The distance between the liposomal surface and
the carbohydrate residue (spacer length), as well as the hydrophilic-lipophilic balance of the
ligand molecule, have a great effect on the affinity and cellular response.

Keywords: glycoconjugates, asialoglycoprotein receptor, receptor-mediated endocytosis, targeted
delivery, liver cells.
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A.C. HocogBa, Y.A. ByznaHoBa, I0.A. CeGaruH

PasBuTre oIX0n0B COBpEeMEHHOH (apMalleBTHKH TIPH
pa3paboTKe U CO3MaHKM JIEKAPCTB B OMmkaiiiieM OymyieMm
CITIOCOOHO TIPUBECTH K CO3AAHUIO MPHHIMITHATEHO HOBBIX
JIEKApCTBEHHBIX TPETapaToB, KOTOpbIe OyayT o0nagarh Xo-
poriieii GHOTOCTYITHOCTBIO M OMOCOBMECTUMOCTBIO, BBICO-
KO 3 (EKTUBHOCTBIO U HE3HAYUTENIBHBIM MPOSBICHHEM
TOKCHYeCKHX 3P dexToB. OHUM W3 PEIICHUNA TAKOH CITOXK-
HOM M MHOTOTPAHHOM 3aJjauil SIBJISETCS MOTyYeHHe HaHO-
pa3MepHBIX YacTHIl, Hecylmx B cebe HeOombime dddek-
THBHBIE JI03bI JICKAPCTBEHHOTO BelecTa. PasHooOpasue
HAaHOpPa3MEPHBIX CHCTEM JOCTABKH ITO3BOJISIET CO3/IABaTh
TEpareBTUYECKIE KOMIUIEKCHI C TpeOyeMbIMU XapaKTepH-
CTUKaMU. P in vifro u in vivo UCCIenOBaHAN Pa3IMIHBIX
CHCTEM JIOCTaBKH TIO3BOJIHJI YCTAHOBUTD, YTO JIUIIOCOMBI —
JIMITAJTHBIC BE3UKYJIBI C JIBYXCIIOWHOM CTPYKTYpOi MeMOpa-
HBI — UMEIOT BCE HEOOXOMMBIE CBOMCTBA JUIsl TPAHCIIOPTH-
PPOBKH JIFOOBIX JICKAPCTBEHHBIX COCTMHEHMUIH.

Ponb medenn B MeTabonmM3Me TOKCHYHBIX BEIIECTB
TIPEATIONAraeT, 9To €€ KJIETKU — IeTaToIUTHI YacTo MOIBEp-
TaloTCs BO3JECHCTBHIO JIEKAPCTB, MUKPOOOB M TOKCHYHBIX
CyOCTaHIMIA, KOTOpBIE MOTYT TIPUBECTH K PA3TNIHBIM 3a-
OorneBaHuUsIM 3TOr0 oprana. 3a00IeBaHusI IEYSHH CTaBsIT Ha
ISITOE MECTO TI0 CMEPTHOCTH. | emarorenmonsapHas Kapim-
Homa (HCC) sBisiercst siToi 1o pacpoCTpaHeHHOCTH HEO-
IUTa3MOH B MHpPE M TPETHUM CaMBbIM CMEpPTENHHBIM BHIOM
paka [1, 2]. 3a passute HCC oTBevaroT /1Ba IJIaBHBIX TUIIA
BUpycoB remnarura: Bupycel remarnta B u C (HBV nu HCV,
COOTBETCTBEHHO). [IpuMepHO 2 MIIp/I. 4eIOBEK B MUpE UH-
¢urmposansl HBV, 1 320 000 cirydaeB €KeromHo OKa3bl-
BaKOTCS JieTalbHbIMU [3], Torma xkak 170 MiH. yenoBeK B
Mupe okasbiBatoTcst 3apakeHHbIMA HCV [4, 5]. Tlockombky
HCC u apyrue 3a0oneBanus nedenu (Gpudpo3 u muppo3) B
OCHOBHOM TIOP2)KAIOT TEMaTOIMTHI [6], TO HarpaBIeHHAS
JIOCTaBKa TEPANeBTUYECKUX CPEICTB UMEHHO B OTU KIIET-
KU SIBJISICTCSl HanOoJiee JIOTMYHBIM MTOIX0I0M. UTOOBI pas-
paboTarh renarolyT-HalPaBJICHHYIO CUCTEMY JIOCTaBKH, B
Kav4eCTBE PELENTOpa-MHUIIICHH, YaCTO BCTPEUAIOIIETOCs Ha
TIOBEPXHOCTH TENAaTOIMTOB, HO MAJIO MPEICTABICHHOTO Ha
MeMOpaHax JIPyruX KIETOK, ObUT BEIOPaH aCHaJIONTHKOIIPO-
TenHOBBIH perenitop (ASGP-R) [7].

CoBpeMeHHBIC UCCIEIOBaHNS HAPABICHEI HA II0-
UCK ONTHMAJIbHBIX CTPYKTYp IJIMKOIUIHIOB, KOTOPbIE
OyIyT TpuaaBaTh TAPTeTHBIC CBOMCTBA JIMIIOCOMaM.
Heckonbko cucTeM OCTaBKM T'€HOB, OCHOBAaHHBIX Ha
MOOOHBIX JINTAH/IaX, TIOKAa3aJIi BOOIYIICBIISIFOIIIE KITH-
HUYECKHE Pe3yNbTaThl, MPUBJIEKas BHUMAHUE HAYYHOTO
coo0IIecTBa U JEMOHCTPUPYS MEPCIEKTUBHOCTh HAHO-
TEpareBTUYECKUX MTOJXOJ0B B METUIIIHE.

CrtpoeHue u GpyHKUUMN
acCHAJIOIVIMKONIPOTenHOBOro penentopa ASGP-R

ASGP-R, Takke N3BECTHBIN KaK «perenTop DIIBEI-
na—Mopeinay, 6bUT IEPBEIM OTKPBITHIM B 1960-X rogax
B XOJ€ HCCIIe0BaHMi MeTaboiInM3Ma TIIHKOIPOTEHHOB
IUIa3MBl KPOBM MIICKOTIMTAIOIIUX KJIETOUHBIM JIEKTHU-

HOM MJekonuTaronmx [8, 9]. OCHOBHBIMU (YHKIIUSIMHU
9TOTO PEeLenTopa SBISETCS PacloO3HABaHUE KIIETOYHO-
ro (GuOpoHEKTHHA, TPOTPOMOMUECKUX KOMIIOHEHTOB,
MIEYCHOYHBIX JUIIOIPOTCHHOB M UMMYHOIIIOOYIMHA A
(IgA). Ponp ASGP-R 3akmrouaercs B TOJJIepIKaHUH
roOMeoCTa3a ChIBOPOTOYHBIX IIMKOIIPOTCHHOB IIyTEM
MMOCPETHUYECTBA MEXKIY Y3HABAaHHEM U DHIOIUTO30M
[IMPOKOTO CIEKTPa IIIUKOMPOTEHHOB, OKAHYHMBAIOIINX-
Csl OCTAaTKaMH TaJAaKTO3BI WM N-alleTUITragakTo3aMuHa
[10]. OTH MIMKOMPOTEWHBI MOJBEPrarOTCS SHAOIUTO3Y
gepe3 KIaTpHH-TPE3CHTUPYIONINE YIACTKH, ITOCIIE YeTO
OHHU TPAHCIIOPTUPYIOTCSI B JIN30COMBI IUIS Pa3pyIICHUsI
B kucibIX yenosusix. ASGP-R maccoBo mpezcraBien Ha
MMOBEPXHOCTH KJICTOK MMAaPEHXUMBbI TICUCHH B KOJHYCCTBE
(1-5)x10° ygactkoB cBsi3biBanus Ha KieTky [11]. Kpome
TOTO, B3aUMOJICHCTBHE PELENTOpa C KIECTOYHBIMU KOM-
MTOHEHTAaMH [TATOTCHOB TAKKe SBIISCTCS TIIAaBHOHM MPpHIH-
HOM reHepanu3alui HEKOTOPBIX 3a00JIeBaHUH TIEYeHH, B
YaCTHOCTH BEI3BIBACMBIX BHpyCaMH rematuta A u B, a
Takxe BUpycoM MapOypra [12—15].

ASGP-R wmiexonuTaronmx COCTOWT W3 JBYX TO-
MOJIOTUYHBIX IOJHUIIECHTUIHBIX CYyOBSTUHUI] (IIABHOMN
U BCIIOMOTATENbHOI), KOTOPBIE KOTUPYIOTCS JBYMS
ornpeneneHHbIMU reHamu [13, 16]. ¥V uenoBeka rimaBHas
cyorenmanna (H1) m BcrioMorarenbHas CyObeJIMHHUIA
(H2) nmeror maccy 46 u 50 k/la coorBercTtBeHHO. Ka-
Kas CyObeIMHUIIA SIBJISACTCS TpaHCMEMOpaHHBIM Oelr-
koM C-THma ¢ KOPOTKHM N-KOHIIOM, PacHOJIOKCHHBIM
B LHTOIUIA3M€, BHYTPEHHENW YacThIO, TPOHU3BIBAOIIEH
MeMOpany, u C-KOHIIOM, okaHumBaromumcs Ca’*-3a-
BHCHIMBIM JOMEHOM Y3HaBaHUS YIJICBOAOB C BHEITHEH
cTopoHbl MeMOpans! [17]. KomOuHaIus pa3inyHbIX co-
OTHOIICHUH CYyOBETUHUII 00pa3yeT (yHKIMOHAIbHbIC
TOMO- M TETEPOOJIUTOMEPHI C PA3IUNIHON KOH(UTYpaIH-
el perienitopa. BeUTO ycTaHOBIIEHO, UTO HAUOOJIEE YacTO
BCTpeyaroleiicss KoHpurypamnue sBiIseTcs] KOHBIOraT
n3 aByx Hl-cyObenuuun u ogHod H2-cyObeawHHIIBI
(puc. 1), oH moka3pIBaeT HAMBBLICIIYIO apPUHHOCTH K
muraay ASOR (acmanmoopocoMykownt), KOTOPBIA aHa-
JOTUYHO JTaKTO(EppHHY, [IHKOIPOTEHHY CHIBOPOTKU
KpoBH, cBsizbBaeTcs ¢ pernentopom ASGP-R [11, 18].

Jlomen y3HaBanust ymieBonoB (CRD) B cyOwenu-
munax ASGP-R mpunagnexur k cemeiictBy C-Trma
(Ca*-zaBucumeie) [20]. BompmmucrBo momenoB CRD
C-THmna ceJleKTUBHO CBS3BIBAIOTCS ¢ D-MaHHO30M, D-Ti110-
KO30W ¥ WX MPOU3BOJHBIMHE (JIMIaHAbl Man-Turma) Wi ¢
D-ranakTo30ii 1 ee MPou3BOAHBIMU (JHTraHpl Gal-THa).
CeszpiBanre D-ranakto3sl ¢ penentopom (puc. 2) mpo-
HCXOJUT B MpUCYTCTBUU HOHOB Ca®’ B IIENIOYHBIX YC-
noBusx [21-23]. ASGP-R obecneunBatoT mpoTrekanue
SHIIONUTO3a TI0 KIATPUH-OTIOCPEIOBAHHOMY MEXaHU3MY
[24]. DTOT MEXaHU3M peanu3yeTcst IpH B3aUMOJCHCTBUU
C TpaHCMEMOPAHHBIM PEIENTOPOM, KOTOPBIH 3aITycKaeT
KacKaJl CHTHAJbHBIX PEAKIMH M «IIPOIYyCKAeT» YaCTH-
OBl BHYTpH. KIaTrpuHOBBIE ITOMEHBI 3aHHMAIOT BCETO
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Puc. 1. Cxemarnueckoe nzoopaxenne ASGP-R,
JIEMOHCTPHPYIOIIEE TeTEPOOIIUTOMEp U3 IBYX CYObEIMHUIL
H1 u ognoit H2. Ha pucyHke npHBeIeHO IPOCTPAHCTBEHHOE
PACTIOJIOKEHHE YUaCTKOB CBSA3bIBaHUSA perenrtopa [19].
Fig. 1. Schematic depiction of ASGP-R that showing
a heterooligomer made up of two H1 subunits
and one H2 subunit. The figure shows the spatial
arrangement of the receptor’s binding sites [19].

0.5-2% ot Bcei mIoIma M MOBEPXHOCTH KIETKH, TO ECTh
TPAHCIIOPT BEILIECTB IMYTEM KJIATPUH-3aBUCUMOIO Me-
XaHU3Ma SIBJISCTCS JAOCTATOYHO CEJICKTHBHBIM IPOIIEC-
coM. /Iy ycnemHoro y3HaBaHUs JIMIIOCOMBI U Jpyrue
COCAMHEHNS JOJKHBI OBITh IPEIBAPUTEIHHO TOMEUCHBI
arnoJIMIIONPOTEUHAMHU, KOTOPBIE HIMPOKO BCTPEUAIOTCS
B 11azme kposu [25]. Ilocne NpOHUKHOBEHUS B KIETKY
TaKOW arperar OKa3blBaeTCsl BHYTPU PaHHEH HHIIOCOMBI,
0001109Ka KOTOPOH CO BPEMEHEM CIHMBACTCS C BHEUIHEH
000/I0UKOIl UIOCOMBI, 00pa3ysl MO3IHIOK 3HAO0COMY.
B 3aBucuMOCTH OT CTPYKTYpbl MCXOIHOW JIMIIOCOMBI,
ee 3apsia M HaJIM4Yusl WIM OTCYTCTBHUS CIELUAbHBIX
JMTaHJ0B Ha MOBEPXHOCTH MO3MHSS PHIOCOMA MOXET
1100 oA AedcTBUEM (PEPMEHTOB NPEBPATUTHCS B JIN30-
COMY, UTO MPUBE/IET K YHUYTOKEHHIO BCETO KOMITICKCA,
1100 TPAHCIOPTHPYEMOE COIEPKHUMOE OyIeT BBICBO-
OOXIEHO B LUTOIUIA3My, IJIe CMOXKET JeHCTBOBaTh Ha
KJIETOUHBIE opraHouisl [26, 27]. B xone uccnenoBanus
MEXaHN3MOB SHJIOIMTO32 U BO3MOKHOCTH MX OJOKHPO-
BaHUs1 OBUIO OOHAPYKEHO, uTO 1pH 4 °C IPOHUKHOBCHUS
BHYTPB KJICTOK HE IIPOUCXOIHT, OHAKO CaM IIPOIecC y3-
HaBaHMs MOJIEKYN peuentopamu coxpansercs [28]. Ilo-
9TOMY TIPH UCCIICJOBAHUN MEXaHHU3MOB IPOHUKHOBCHHUS
KOHKPETHOH JIMITOCOMAJIbHOM KOHCTPYKIIMU B YCIIOBUAX
MOHIDKCHHOW TEMITepaTyphl MOXKHO OTPEICIIHTh, SIBIIS-
eTcs JIM €€ TPAHCIOPT PELEeNTOP-3aBUCHUMBIM U CelleK-
TUBHBIM. Taxoke OBUIO yCTAHOBJICHO, YTO BHPYC Tema-
tuta C yenoBeka NPOHUKAET B IeNaTOUUThl UMEHHO 110
3TOMY MexaHusMmy [29].

ASGP-R Takxe ObT 0OOHApYKEH Ha MOBEPXHOCTH
TEeMaToNUTOB IPYTUX MJICKOMUTAONINX, BKJIIOYAs KPO-
mukoB [30], mermeit [31] u xpwic [32], XoTs pasmep u
KOJIMYECTBO CyOBEIMHUI] HEMHOTO OTIMYAIOTCA Y pas-
HBIX BHJOB MJICKONHUTAONMX. HecMoTps Ha oTimmums
B CTPYKTYpE PEIeNnTopa Y pa3HbIX BUIOB MJICKOIUTA-
IOMAX, TIOCIIEIOBATEIBPHOCTh AMHUHOKHCIOT BEChMa
KOHCEpPBAaTUBHA U, BO3MOXKHO, MPOHCXOIUT OT OJHOTO
obmiero rena. Hampumep, cyobeauanna H1 Ha 80%
UICHTUYHA KpbIcuHOMY JekTuHy-1 (RHL1), a cydonenu-
Huna H2 cxoxa Ha 62% ¢ RHL2 [33]. Dtot dakT mo3Bo-
JSeT MPOEIMPOBATh JAHHBIE (7 ViVO SKCIIEPUMEHTOB Ha
OXXHaeMBbIC Pe3yNbTaThl KIIMHIYECKIX HCCIICTOBAHMUIM.

IpuHUUNBI HATIPABJIEHHOMN J0CTABKHA
JIEKAPCTBEHHBIX COeIUHEHMH K KJIeTKaM MedeHn

W3zBecTHO, uyTO TpU XumMuoTeparuu 6onee 90% mo-
JIeKyJl LIUTOCTaTHYECKUX CPEJICTB 3aXBaThIBACTCS 310PO-
BBIMHM TKaHSIMH, U TOJBKO 2—5% TMOmNajaioT B OIMyXOJH
[34]. [TooTOMY Ba’kHO CO3JaTh TAKHE CUCTEMBI JOCTABKH
JIEKapCTB, KOTOPBIE OBLTN OBl CEJICKTUBHBIMHE U TOTIA/1aJTH
TOJIBKO B HeNeBble oprausl [35, 36]. Penenrtop-omnocpe-
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AcHN -HOZZ0 { ~

Puc. 2. Ca3biBaHre MOJIEKYIBI N-alleTHIraIaKTO3aMHIHA
(GalNAc) ¢ nomenom y3uaBauusi ASGP-R. Mexny
TUAPOKCHIBHBIMY IPyIIIaMu 1pu 3 u 4 aromax yriepoja
B nipano3HoM Koiibile GalNAC 1 ocTarkaMu aMHHOKHCIIOT
187 Asp, 8Glu, "Gln, 2" Asp u 2'°Asn B3auMozeHCTBHE
OCYIIECTBIISETCS 32 CYET BOJOPOIHBIX, & TAKIKE KOOP/IHHA-
LMOHHBIX CBsi3el (pu yuyactuu ona Ca®"). AToMm Bogopoja
B aMHIHOU CBSI3U M HETOJISIPHBIH yuacTok GalNAc
MeXay 3 1 6 aToMaMu yIyiepoJia Y4acTBYIOT B CO3/IaHUU
rUAPOPOOHBIX B3AUMOJICHCTBHIA C OCTATKAMH aMHUHOKHUCIIOT
22His u " Trp, coorBercTBEHHO [19].

Fig. 2. Binding of the N-acetylgalactosamine (GalNAc)
molecule to the recognition domain of ASGP-R.
Between hydroxyl groups at 3 and 4 carbon atoms in
the pyranose ring of GalNAc and '®’Asp, '*Glu, '**Gln,
21Asp and 2'°Asn amino acid residues, the interaction is
due to hydrogen as well as coordination bonds (with the
participation of the Ca®* ion). The hydrogen atom in the
amide bond and the nonpolar GalNAc region between
3 and 6 carbon atoms participate in the creation of
hydrophobic interactions with 2*?His and '®Trp amino acid
residues, respectively [19].
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JOBaHHBIN OSHIIOIHUTO3 SBISIETCS BEChbMa MHOTOOOeIIa-
IOIMM CIOCOOOM HalpaBJIeHHOW JIOCTaBKH JIEKApCTB
Onarozmapsi IOCTHM)KEHMIO BBICOKMX KOHLEHTpaLUi Io-
CJIE/IHUX B KJIETKaX-MUILEHSX, YTO TOBBIIIAET (P PeKTHB-
HOCTb Iperapara U CHIKAET ero moOoYHbIe 3P (EKTHI.

B xozme onTtumMuzanuu B3aUMOACWUCTBUS HOCUTEINS
C perenTopoM OBUIO YCTaHOBIIEHO, YTO Ha apPUHHUTET
BJIMSIET PsAJ] CBOMCTB JIMTaHa-yIiieBoaa. Tak, Hanpumep,
M3BECTHO, YTO C JOMECHOM Yy3HABaHHs OIUHAKOBO (-
(heKTUBHO CBSA3BIBAIOTCS U LUKJINYECKUE TPOU3BOHBIE
D-ranakro3sl, 1 D-ranakro3uasl ¢ pa3OMKHYTBIM IH-
koM. Hanbonee apdextuBHO Ha perentop Bo3neiicTBy-
10T NPOU3BOIHBIE D-rajxakTo3sl U D-ITIOKO3BI, JIAKTO3a
u D-MaHHO3a I€MOHCTPUPYIOT MEHBIIYIO aKTUBHOCTD B
OTHOIICHUH TEMaTOINTOB, HO 0oJee aKTHBHO CBS3bIBa-
10TCs ¢ perientopamu kietok Kynddepa [37]. Apdun-
HOoCcTh D-ramakrossr Bozpactaetr B 100-1000 pa3 mpum
YBEJIIMYCHUN KOJIMYECTBA YIJIEBOAHBIX OCTATKOB Ha KOH-

OCOR
OCOR o

TeopeTuyeckne U SKCIEPUMEHTANBHBIE PACUETHI
MOATBEPIMIMN, YTO OoJiee JUIMHHBIN crielicep Nmpuaaer
OCTaTKy yrJeBoja OOJbIIYI0 MOOUIBHOCTH (TJIMKO-
mumug 1c), uro obecreunBaeT Ooiee JETKUH TOCTYI
K y4YacTKy CBsI3bIBaHUS Oenka-peunentopa. Tak, Ha-
npumep, D-ranakTo3uas co crelicepoM ammHOH 20 A
CBS3BIBAIOTCSI C PEIENTOPOM Jake MPU HU3KOW KOH-
IEHTpaIum, a co creiicepom amunoit B 4 A tpebyror
0OJIBIIIET0 KOJIMYECTBA aKTUBHBIX MoJekyd [45]. Cxo-
)K€ MaHHBIC OBUTH IONyYeHBl B JKCIEPUMEHTAX II0
CHUKCHHIO YPOBHsI XOJIECTEPHUHA B CHIBOPOTKE KPOBU:
s dexTHBHAS 1032 TIIUKO3HUIOB CO CIICHCEPHBIM yIacT-
koM mauHOM 20 A okasamack B 30 pa3 MEHbIllEe, YeM
y coenmHeHwmit co creiicepamu amHOH 4 A [46]. Jlna
CTIOHTAHHOTO CaMOTIPOU3BOJIIBHOTO CBA3BIBAHUS YIJie-
BOJIHOTO OCTaTKa C PELEeNTOpoM JUIMHa cleiicepa B
cpeaHeM J0JKHA cocTaBiuaTh 25-30 A, mpuuem ecnu
OCTaTOK YIJICBO/Ia HAXOMUTCS B IUKIMYECKOH (hopme,
TO TpedyeTcs 4yTh OoJblliee PACCTOSTHUE OT MOBEPXHO-

1€ OHOW MOJICKYJIBI JINTaHAA OT OTHOTO JI0 TPEX-YEThI-
pex 3a cuet kinactepHoro 3ddekra [38]. Takum obpaszom,
Juts HanenuBaHust Ha ASGP-R MoryT ObITh HCTIOJIB30Ba-
HBI MOHOBAJICHTHBIC ¥ MOJIMBAJICHTHBIC JINTAH/IBL.

Paccrosiame, Ha KOTOPOM HaXOAUTCS OCTAaTOK yIJIe-
BOJIA OT MOBEPXHOCTH JIUTIOCOMBI, SIBIISICTCST OYCHD BaXK-
HBIM TIapaMeTPOM TIPH B3aHMOACUCTBHU C JICKTHHAMHU
[39, 40], npu nu3aiiHe KOHCTPYKIMHA HEOOXOIUMO CO-
OJIOCTH MUHHMAJTBHOE PACCTOSHUE MEXKIY YITIEBOIOM
U TOBEPXHOCThIO HOocuTens [41, 42]. IIpu orcyTcTBUM
ruipooOHOTrO crielicepa OCTaTKH YIJIEBOJIOB HEe o0pa-
LIEHBI B BOJIHYIO Cpely B JJOCTaTOYHOM CTENEHH, YTOOBI
CBSI3aTbCA C aKTUBHBIMH IIEHTpamMu perentopos [43],
OJIHAKO M30BITOYHAS [UIMHA CIeHCepa MOKET MEIIaTh UX
B3aumoyieicTBuio [44]. D10 HAOMIOMANOCH TP H3y4e-
HUM CTEICHH CBsI3bIBaHMs TuKonunuaoB la—c ¢ ConA
(YTI1eBOoA-CBSI3BIBAIOIINI TIPOTEHH, BEIICIICHHEIH 13 OBO-
11eif) B IPUCYTCTBUH IJIMKOreHa [45].

n=10,R=C,H,, (1a)
n =20, R = C,H, (1b)

n =40, R = C,H,, (1c)

ctu HaHouacTuusl [47]. OgHako CyIIeCTBYIOT IpUMeE-
PBL 2 PEKTHBHOTO HCIIONB30BAHUS U 00JIee KOPOTKHUX
ceiicepos munoit 15 [38], 11.05 [48] u 10.1 [49] A.
[To-BuamMoMy, HEBO3MOXKHO YCTAHOBHUTH IUHYIO HIIC-
aJbHYI0 JJIMHY CBA3YIONIETO 3BEHA JUIS BCEX THUIIOB
YIIIEBOJCOACPIKAIIMX JINTAHIIOB, W ¢ 3HaueHHe OymeT
3aBUCETh OT MPHUPOJBI CHEHCEPHOr0 ydacTKa M THIIA
VIJIEBOTHOTO OCTaTKa. Tak, MpH W3yYeHUH TpPaHC)EK-
[IMOHHOW aKTUBHOCTH JIMIOIIJIEKCOB HA OCHOBE ajuda-
TUYECKUX TIUKO3UIO0B, HMCIOMINX B CBOEM SIIIpE HeT-
BEPTHYHBIM aTOM a30Ta, ObLIO YCTaHOBIEHO, YTO IS
MUKINYecKol (HopMbI ObLTa HEOOXOIMMa JJIMHA CIICH-
cepa B 6 METUJICHOBBIX eMHHUIL (2a—e), a IS allUKITU-
YeCKOM (POPMBI — TOIBKO 2 METHIICHOBBIX 3BeHA (3a—e)
[50]. Takxe ObUTIO 3aMEUYEHO, YTO MUPAHO3UIBI, UMEIO-
IIHe TIUKO3UIHYIO CBSI3b IIPU 6-OM aToMe yIiieposia BHE
MJIOCKOCTH KOJbIIA, TPOHUKAIOT B TE€MATOLUTHI, MUHYS
JTU30COMANBHYIO0 CTAJNIO, YTO YBEIHYMUBACT TEPAICB-
THdeckui a3 ekt npemnapara [51].

n=1(2a), n=7(2d)
n=3(2b), n=9(2e)
n=5(2c)

2a-e
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n
H——OH H3C
HO—r—H
n=1(3a), n=7(3d
Hol 1 (3a) (3d)
n=3(3b), n=9(3e)
H——OH
n =5 (3c)
—OH
3a—e

W3yganock Takke BIMSHHEC KOHQOUTYpAIMU XH-
paIBHOTO IICHTPA YIIEBOAHOTO (hparMeHTa — psiJ HCClie-
JIOBAaHHH YKa3bIBACT HA TO, UTO O-TIIUKO3U/IBI IIPOSIBIISIOT
OOJIBIIYI0 aKTUBHOCTh B OTHOILICHHU MOJIEIBHOTO Pac-
tutenpHoro perientopa ConA [52] wnn KIETOUYHOM JN-
Huu HepG2, monyyeHHOH Ha OCHOBe renarouuTos [53],
B CPaBHEHUH C [-TIIMKO3UIAMH.

Kpome Toro, npu UCIOIB30BaHIH JIUIIOCOM B Kaue-
CTBE HOCHUTEIICH HYKHO COOIOIaTh MUHUMAIBHYIO d(-

OH
n=0 (4a),
H O H n=1(4b),
H
OH OH n =2 (4c),
HO
H H n

o M/\/N +/\/\/\/\/\/\/\/\CH3

CH,

(DEKTHBHYIO TOJIO YIIIEBOAHBIX JINTAHAOB OT OOIIETO JIH-
MUTHOTO COCTaBa, 3TO SIBJICHHE HA3bIBACTCSI IOPOTOBBIM
addextom [54]. B xone in vitro TecTOB Ha CBS3BIBAHHE
MonudunupoBaHHbIXx D-MaHHO30# JumocoM (4a—g) ¢
pactuTenbHbIM JIekTHHOM ConA ObLTI0 00HAPYKEHO, YTO
MUHHMAaNIbHasE dPPeKTuBHAs 10y D-MaHHO3BI IS KO-
POTKHX crieiicepoB (2 OKCHATHIICHOBBIX 3B€HA) COCTABH-
na 28%, B TO BpeMsl Kak Jyisl crieiicepa CpeHel JTHHBI
(6 3BeHBEB) OBLTA YOKe HIDKE — 3%.

n=3(4d), n=8(4g)
n =4 (24)
n = 6 (4f)

4a—-g

JIJIs TIMKOJTUITH/IOB HA OCHOBE D-JTaKTO3BI C THAPO-
(OOHBIM OJIOKOM, COIEpIKAIIUM J[BE ANKHIBLHBIX ICTIH,
M OCTATKOM SHTApPHOW KHCJIOTHI B POJH HEOOJBIIOTO
JIMHKepa MOPOToBEIi 3¢ dexT HabIronacs npu nqooas-
JeHuH 5% TOTYYEHHOTO COSAMHEHUS K JIMITOCOMATbHOM
kommozunnu [55]. Kpome Toro, BcTpeuaroTcsi CBEICHUS
0 PE3KOM YBEIMYCHUH 3aXBara YIJICBOICOMCPIKAIIMX Yac-
THUII Makpodaramu rocie B3aumonercrsus ¢ Gal/Fuc-pac-
MO3HAIOIIMMH PEIENTOPAMH Ha WX TOBEPXHOCTH B TOM
ciryvae, ecid Jtoiist Moaudukamuu gocturaet 50% [56].
BBenenre B CTPYKTypy JIMIIOCOM KapKacooOpasyrouux
JUIHJIOB, TAKUX KaK XOJIECTEPHUH, YMEHBIIIAET TIOPOro-
BYIO JIOJTIO YIJIEBOJIOB, & UCIIONBb30BAaHHE B KAYECTBE JIU-
MMUIHOM MaTpHUIBI HEHACKHIEHHBIX (HOChaTHIUIXOIH-
HOB IIPUBOJIUT K €€ yBeJIM4eHuIo [57].

CTOUT OTMETHTh, YTO HE BCTpEUAIOIIHecs B TPH-
pOJZie  OKCHATHJICHOBBIC TPYIIBI CIOCOOHBI 3aMEHHUTH
MIPUPOHBIC OCTATKA MOHOCaXapHIOB, UMUTHPYS JUIMH-
HYIO MOJMCaXapuIHyto Iiefb. JlaHHOE CBOMCTBO OBLIO
MOKa3aHo TPU M3yYeHUU 3PPEKTHBHOCTH CBS3BIBAHHUSI
TPEX pasHbIX TVIMKOJHUIIMIOB C PACTUTCIBHBIM JICKTH-
HOM RCA1 — 3 QeKTHBHOCTH CBSI3bIBaHHUS BO3pacTaia
B paay anu(aTHuecKux MPOU3BOIHBIX D-TramakTo3bl,
D-nakTo3p1 u D-ranakto3sl, ¢ MPUCOECTUHEHHBIM K HEH
KOPOTKHUM OKCHATHIICHOBBIM crieficepom [43]. Kpome
TOTO, WCIIOJIb30BaHKUE OOJiee JITMHHBIX IeTel MOTNITH-
nenrukonei (6onee 10 3BeHbeB) co3maer ekt cre-

PHYECKOH MOBEPXHOCTHOMN 3aIIUTHI JIMTIOCOM OT OEJIKOB
KpPOBH, TPHUBOAS K MPOJOHTUPOBAHHON ITHPKYIISIIIH
KOMILICKCOB B KPOBH. YBEIUUCHHE COJCPIKAHUS JINTAH-
7la B COCTaBE JINIIMIHOI KOMITIO3UINHY TIPHBOIUT K OoJee
JIETKOMY TIPOHUKHOBEHHIO B KJICTKH ITEUCHH, & HATUYUC
JUTHHHOTO THAPO(IIEHOTO CHelcepa 3aMeIsIeT BBIBE-
JICHHE KOMIUIEKCOB U3 KpoBH [44].

I'mapokcuapHBIE TPYIIIBI Ha KOHIIE YIIICBOICOACD-
KAIUX JIMTAHIOB MOTYT CHOCOOCTBOBATH HE TOJBKO
KOHTAKTy MOAW(HUIIMPOBAHHOW JIUTIOCOMBI C aKTHBHBIM
ueHTpoM ASGP-R, HO 1 ycuinBaTh TpaHC(HEKIMOHHYIO
aKTHBHOCTBH KOMIUIEKCOB TAKUX BE3UKYI C HYKJICHHOBEI-
MU Kucioramu. Ha ocHOBe psina in vitro WcclieOBaHUiA
OMOJIOrMYeCKO aKTHBHOCTH KaTHOHHBIX JIMIIOCOM, TJIe
B CTPYKTYPE HOJIIPHON «TOJIOBKID) JIUITU/IA IIPUCYTCTBY-
€T TUAPOKCHIIBbHAS Tpymma (5a—d), ObUIO YCTaHOBIICHO,
4yT0 00pazyembie komruiekchl ¢ JJHK obmanator Gombimeit
CcTaOUITBPHOCTBIO Onarojapsi 00pa3oBaHUIO BOIOPOHBIX
CBsI3€il MEXKIy MOBEPXHOCTHIO OHCIIOSN U MOIICKYJIAMH
HYKJICHHOBOH KuCIOTHI [58]. [Ipuuem, uem Omke 3TH
TPYIIBI PACIIONIOKEHBI K MOJOKUTEIBHO 3aPsKCHHOMY
YeTBePTHYHOMY aToMy a3oTa (5a), TeM apdexTrBHee Oy-
JIET TIPOUCXOANTH KOMILIEKcooOpa3oBanue [59].

VYBenuUueHNEe KOTMYECTBA THAPOKCHIBHBIX TPYIIT B
COCTaBe KATHOHHBIX JIUIUIOB TOXKE MOJIOKUTEIBHO CKa-
3bIBACTCS Ha TOKazareisix PPEKTHBHOCTH TpaHCPEK-
uuu [60]. T'uIpOKCHIIbHBIE TPYNIbI Ha KOHIIE JIUIHIOB
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CHs3

(0]
\/\/\/\/\:/\/\/\/\CHa
n=0(5a), n=2(5c)

n=1(5b), n=3(5d)

Sa—d

B COCTaBe OMCII0 BHIOJIHSIOT (DYHKIIMIO, aHATIOTHYHYIO COB M3 KAaTHOHHBIX JIMIIOCOM W HYKIEHHOBBIX KHUCIIOT
nensm [T (momuaThieHuKoNs ), GopMHUpysT HEOOIb- U ompenensomux ux mopdonoruro [62]. B kadecTre
IIYI0 3allUTHYI O0OJOYKY BOKPYT JIUIIOCOMBI, HM3-3a TaKUX BCTIOMOTATENBHBIX JIMIHUIOB B OJHOW M3 padoOT
YEero IIMKO3UACOJEpIKAILNE YaCTHLIBI MOTYT JOJIbIle OBUIH HCIIONB30BaHbEI anudaTudeckue dPUpPLl caxapo-
[IUPKYIUPOBATH B KPOBH TI0 CPABHEHUIO C KATHOHHBIMHU 3Bl, T7I€ THAPOPOOHBIH JOMEH ObLIT MPEACTABICH OCTAT-
nucniepcusimu [S50]. KaM¥ pa3UYHBIX KUPHBIX KUCIOT (6a—c). YBeauuuBas

Takum oOpaszom, [Tt [u3aiiHa MOJJOOHBIX JTUTAaHI0B TpaHC(HEKIMOHHYIO aKTHBHOCTH JTUIOIJIEKCOB B YCJIO-
BOXHBIMH JIETAIIMU SBJSIIOTCA: JUIMHA CIEHCEepHOro BUSIX in Vitro W in vivo, OHU IOKa3aJId CBOIO BBICOKYIO
ydacTka, runpoduinpHo-munoduibHblil Oananc (IJIB) a¢pdexruBHOCTh [63]. KieTounslil 3axBaT Monupuu-
MOJIEKYJIBI U €€ IPOCTPAHCTBEHHASI TEOMETPHSL. pOBaHHBIX KaTMOHHBIX JunocoM Bo3poc Ha 20-30%,

B TO BpeMs KaK YPOBEHb ITUTOTOKCUYHOCTH CHH3HUJICS
Ycenexu co3aanus JUIOCOMAJIbHBIX MPENapaToB Ha 20-60%. ORHAKO CTPYKTYpa TAKUX SGHUPOB MOKET
JUISt Tepanuu 3a00.,1eBAHMIT NeYeHH OKa3bIBaTh OOJIBIIOE BIMSHHE KaK Ha d()(PEKTHBHOCTH
TpaHceKknuu, Tak ¥ Ha TOKCHYHOCTH JIMIIOCOM, IMO3-
TOMY BBIOOD JIUTMHBI M THIA OCTaTKa KUPHOU KUCIOTHI
WUrpaeT HeMajylo poiib. Pe3ynbTaTsl uccieqoBaHui 1o-
Ka3bIBAIOT, YTO Pa3Mep JHUIOCOM IOCTEIIEHHO yMEHb-
maercsa ¢ yBenndeHueM 3HadeHuil [JIb; B cpemnem,
JUaMeTp JIUIOCOM, UMEIOIUX B COCTABE MPOU3BOTHBIC
JAypPUHOBOM KUCJIOTHI (6a), OB MEHBIIIE, YeM Y JIUIIO-
COM CO CTEapUHOBBIMH A(PHUpPaMH CTCApUHOBOM KHCIIO-
THI (6b), maxe npu paBHoM 3HaueHunn [JIb.

KaTnoHHBIE JTHIIOCOMBI, COCTOSIIME M3 AaHAJO-
rOB MPUPOIHBIX JIUIIKIOB, MOT'YT UMETh 3HAYHTEIHHO
Oonee BBICOKYIO P(PPEKTUBHOCTH JOCTABKH T'€HOB IO
CPaBHEHHWIO C JIMIIOCOMAMH Ha OCHOBE (ocoiumu-
JI0B Onarozapsi X 0coOeHHOH cTpykType Oucios [61].
OHaKo TakWe KOHBIOTAThl TPEOYIOT 00sI3aTeIbHOTO
HAJIWYMsT BCIOMOTATEIbHBIX (XEIIECPHBIX) JIUIUJIOB,
UTPAIOIINX BAXXHYIO POJIb B (POPMUPOBAHHH JIUITOTIICK-

OCOR
H OH H (@] H R=C,H,; (6a)
HH oH OH R = C,;H,, (6b)
HO O OH
OH H OH H R = C,;Ha (60)
6a—c
JimHa THApooOHOM 00JIACTH TAK)KE MOXKET BIIHSTh MPY HAJIMYHU TaKOH MOIM(DUKAIMN YBEINYMBACT YPOBCHb
Ha CTaOMJIBHOCTD M TEKY4€CTh JIUIIOCOM: ITOKa3aHO, YTO MIPOHUKHOBEHHS HYKJIGMHOBOW KHUCIIOTHI B KJIeTku B 10 pa3
aJKUJIBHBIC TIenH ¢ 12 aromMamu yriepoja J1aloT caMyro [66]. IIprcoennHenre K aHTHCMBICTIOBOMY OJIMTOHYKJICOTH-
JyYIlyI0 CTENEHb NMPOHUKHOBEHHS B KJIETKY IO CpaB- ny naxe ofgHoro octarka GalNAc (7) 3HaUMTENbHO MOBBI-
HeHUIo ¢ Oonee kopoTkumu (6—10 aromoB) wim Ooree maet 3(QHEKTUBHOCTD JIOCTABKHA OHOJIOTMYECKH aKTHBHON
JUIMHHBIMU (>14 atomoB) [64]. Takum o6pazom, 3¢upsl MOJIEKyIIbl. B kadecTBe crielicepa 1 pa3BETBISIIOIIETO arcH-
caxapo3bl ¢ KOPOTKAMH IEIISIMH (OCTaTKH JIaypHHOBOI Ta B JAHHOM CITyJac OBUT MCIIONIG30BAH JIN3HH.

KHUCIO0THI) U 3HadeHusaMu [JIb, paBHbIME 6, TIO3BOJIAIN Kpome areHTOB reHHOW Tepamnuu, HampaBlIEeHHO B
(hopMHpOBaTh ITUIOCOMBI, OOECHEYMBAIOIINE BEChMa KJIETKH TI€4E€HU JOBOJIBHO YCIIELIHO TPaHCIOPTHPYIOT-
BBICOKUI ypoBeHb TpaHchekuuu miazmuanon JHK u cs MU XMMHOTEpaneBTUUECKUE MpenapaTsl. B onHOM H3
TIOJIABJICHHS POCTA OITyXOJIM y MBIIIeH [65]. HCCIIEIOBAaHNN KaTHOHHBIC JIUIIOCOMBI, TEPEHOCSIINE
Cy1iecTByeT MHOTO HCCIIEOBAHMNA, KOTOpbIE MOKa- JIOKCOPYOMIIMH, OBLTH MOKPBITHI OcTaTKkamMu D-ranak-
3BIBAIOT, YTO IMOBBIIICHHS 3(DPEKTHBHOCTHA TPAHCHEKIMN TO3bI Ha 3Tane (HOpPMHUPOBAHUS JIMITOCOMAIBLHOTO KOH-
Y TEHETUYECKOTO CaiiJIeHCHHTa B KJIETKAX TEUYEHH MOYKHO TeiHepa. [n Vitro SKCIEPUMEHTHI MO IUTOTOKCUYHOCTH
JOOHTBCS Take TIPX IPOCTOH KOHBIOTAINH TITUKO3U/A C MO- MOATBEPANIIN CEJIEKTUBHOCTD JI0CTABKU TEPAIIEBTUUECKUX
nexynoit JJHK wmm PHK. Beuto nokasano, 4to HarpasieH- are’ToB K kierkam Huh-7 (remarokapiimHOMBI 4eI0OBeKa),
Hasl IOCTaBKa TeHETHIeCKoro Marepuarna s gedeHns HCV nMeronM Ha noBepxHoctu ASGP-R, mprdem nuToTok-
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H NHAc

cruecknil 3(h¢peKT ObUT J0303aBHCHMBIM, TO €CTh BO3-
pacTai ¢ yBelIU4eHUEM KOHIIEHTPALUU JIUIOCOM B JIyHKE
aHmera [66].

Jns osrydeHust ipyroro TapreTHOro pOTUBOOITYXOJIe-
BOTO TIperapaTa ObUIN TONTYYCHBI JIUITOCOMBI C HHKAICY-
JUPOBAaHHBIM OKCAJMUIIIATHHOM, MOBEPXHOCTb KOTOPBIX
ObUTa TTOKPBITA JIAKTOOMOHOBOH KHCIOTOM — JHcaxapu-
JIOM, HPEACTABISIOIUM COOOH MOIUTHIPOKCUKUCIIOTY.
B kauecTBe mpemaparoB CpaBHEHHS HCIIOIB30BAJICS CaM
LUTOCTATUK U HEMOJU(PUIIUPOBAHHbIE HATPYKCHHBIE JIU-
ocoMbl. PITyOPECICHTHBIC METKU TTO3BOJIMIIN YBHICTH,
4TO0 A00aBIEHHE HA MOBEPXHOCTb JIUIIOCOM YIIEBOJAA
MPUBENIO K 3-X-KPaTHOMY YBEIMUYCHUIO KOHIICHTPAIIUU

OH
(e}
HO o OH o L|
OH' H o
H o/\@/\o#m(\/ v
H  OH *®

KownHkyOanusi KJIE€TOK C JIMIIOCOMAaMH U CIICIIH-
(GUYIHBIMA WHTHOMTOpPAMH CIUSHHS, TAaKUMHU Kak
WHIOMETAllMH M XJOPIpPOMAasHH, MOKas3ana, 4To J0-
OaBiICHHE DTHX COCIUHEHUN CHIBHO CHUXKACT KOIU-
4eCTBO MOJU(DHUIIMPOBAHHBIX JTUIIOCOM BHYTPH KJe-
TOK [69]. M3BecTHO, 4TO XJIOPIPOMA3UH OJIOKUPYET
KJIIATPUH-3aBHCUMBIH  DHJIOIMTO3, & WHIOMETAIINH
— KaBEOJIMH-3aBUCUMEIH, ITOITOMY IOIOOHOE HCCIIe-
JIOBaHHE HE TOJBKO IMOATBEPKAACT, YTO MPOHUKHO-
BEHHE YIJICBOJICOACPKAIMUX YACTHUI] B TEMaTOLHTHI

O
P
H3C/\/\/\/\/\/\/\/Nk0/\~<\o//_ ~

0]

X

HsC NH
o
0

HNM
RNA

BE3UKYNI B KICTKAaX TeTaTONCIUTIONIPHON KapIMHOMBI
[68]. OkcanumiartuH, MEPEHOCUMbIH TapreTHHIMH JIH-
MIOCOMaMH, TPOSIBIISLT 00JIee CHIIBHOC TOKCHIECKOE JeH-
CTBHE 10 OTHOLICHMIO K JAHHBIM PAKOBBIM KJIETKaM I10
CPaBHEHUIO C MIPOCTHIM MPETapaToM U HEMOAU(UIHPO-
BaHHBIMH JIUTICOMAMHU.

KonoxanpHas MHKPOCKONHSI C HCIIOIb30BAaHUEM
KOHTPACTHOTO OKpAalllMBaHUsI OPraHOMIOB IO3BOJISET
U3YYIHUTH MIPOIECC HAKOIUICHHS JIUTIOCOM B KJIETKaX-MHU-
mensx. [lpucoenquuenue ocrarkoB D-ranakro3sl Ha Mo-
BEPXHOCTh KATHOHHBIX JHMIIOCOM ITI0 aMHHOTPYIIIC JIH-
nuaa DSPE (8) npuBesno K 3Ha4UTEIbHOMY YBEIMYCHHIO
ypoBHs 3axBara renarouuramu tuHuu Hep G2 [69].

MPOUCXOMUT TIO KIATPUH-3aBUCUMOMY PEleNnTop-
OIIOCPEIOBAHHOMY MEXaHH3My, HO W YKa3blBacT Ha
peanu3anuio mpolecca KaBeoJIHH-3aBUCHMOTO 3aXBa-
Ta, KOTOPHII OTBEYACT 3a MPOHUKHOBEHUE OOJBIINH-
cTBa 0OJIE3HETBOPHBIX MHKPOOPTAaHU3MOB CIIOKHOTO
CTPOCHHSI, & TAKIKE BUPYCOB.

CdopmupoBaHbl ¥ H3y4YEeHBI KATHOHHBIE JIUTIOCOMBI,
coZIepIKaIie B CBOEM COCTaBe D-ramakToaumua i BCIO-
morarebHbIi g POPC (9) B pa3auyHBIX COOTHOIIIE-
Husx [70].

O O\/\N+/CH3

— o | >cH
HSC/\/\/\/V\_NM( CH3 3

Iocie mpoBeneHust in Vitro TeCTOB ObIIO YCTAHOBIIC-
HO, YTO 3aXBarT JIMIIOCOM KiteTkamu TuHud Huh-7 Bo3pactan
C YBEJIUYEHUEM COAEPKaHUs YIIEBOACOIEPIKALLETO JIUIIH-
Jla B COCTaBe JIMMUIHONW MAaTpHIbL. YIIEBOJICOACPIKAIINE
JIMTIOCOMBI IABAJTH TTOYTH B 2 pa3a 0oiree BEICOKHI YPOBCHb
caitnencunra VEGF-reHoB, OTBeUaromux 3a pa3BUTHE OITy-

XOIeH TIOCKOTO SITUTEINHS, TI0 CPABHEHHIO C TIPOCTHIMU Ka-
THOHHBIMU. BbITO MOKA3aHO, YTO MM BBEACHHUU B COCTaB
JIATTIOCOMBI TJIMKOJIMIIN/IA, TIOYYEHHOTO PEaKIMel MexIy
nakto3oit n munuaoM DOPE (10), yxe He TpeOyeTcs Huka-
KOTO JIOTIOJTHUTETEHOTO BCIIOMOTATEIEHOTO JIMIIN/IA UL UX
YCIIEHIHOTO BBIXO/A U3 SHOCOM.
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OH OH o
HO OH H _I—OH b
oH' H b oo 6 -
H o
OH OH 0

In vivo uccnenoBanue (papMakOKUHETHKH TTOITBEP-
JIUJIO, 9TO 3aXBaT JMIOILIEKCOB KIETKAMHU MEYEHH IIPOHC-
XOIUT IO PELeNTOP-0NOCPEIOBAaHHOMY MEXaHU3MY, TaK
KaK y)ke 4epe3 5 MUH OT HauaJla SKCTIEPUMEHTa OoJIbIast
4acTh MOAM(UIMPOBAHHBIX KOMIUIEKCOB HAXOIUIIACh B
MIEYCHH, B TO BpeMs KaK OObIYHbIE KATHOHHBIE JINTIOCOMBI
B OCHOBHOM OCTaBaJIMCh B I1azme kposu [70].

B npyrom in vivo skciepuMeHTe Ha MblIIaX JUHUU
BALB/c Takxe OblI0 mMoka3zaHo Oojiee OBICTPOE BbIBE-
JICHNE TIUKO3WINPOBAHHBIX JIMIIOCOM IO CPABHCHHIO C

R, = OH, R, =H, R, = OH (11a)

R, =H, R, =OH, R, = NHAc (11b)

o

KaTHOHHBIMH JIMIIOCOMaMH Ha OCHOBE (hOoChaTHINIXO-
TMHOB U Xonectepuna [71]. [ns uccrnenoBanusi ObLIO
CHHTE3UPOBAHO JIBa TIIMKOKOHBIOTAaTa HAa OCHOBE XO-
JectepuHa, coiepxamux D-ramakto3y (1la) wunm
N-anermi-D-rntoko3zamun (11b). Uepe3z 20 muH OT
Ha4daJia S3KCTICPUMECHTA MO[[I/I(I)I/IHI/IpOBaHHLIC JINITIO COMBI
MIPaKTHUECKU HE HAOMIONAINCH B KPOBH, @ HAXOIIIIUCH B
TIEUEHH, CEIe3eHKe U MovKax. [[puyeM Iumocomsbl, nme-
IOIIHE Ha TOBEPXHOCTH OCTaTKu D-ranakTo3sl, ObIcTpee
rnormnajgajn u3 KpoBU B IICYCHbD.

H,3C
CHj
CH, CH,
H;C
(0]

11a, b

Bbutn  CHHTE3MpPOBAaHBI TIIUKONUIHMIG HAa OCHOBE
D-nakTo3bl co crielicepaMu pa3iMdHON UIMHBI, MpeJ-
CTaBJICHHBIMU TU-, TPH- ¥ MOJHATHICHIIUKOIEM. JTH
coequnenus (12a—f) B xkonmnuectBe 5% J00aBIsIIHCh K
JUMUAAM IPpH GOPMUPOBAHIH OUCIIOS, ITOCIIE Yero ObLIa
u3ydeHa d(pPEKTUBHOCTh CBI3BIBAHMS BCEX TPEX MOAH-
(unmpoBaHHbIX JUIocoM ¢ peuentopoM RCAT [72].

[Ipeamonaranock, 4To HanOoJIee JUIMHHBIN crielicep
(IT3I) (12¢, f) obecrneuut camyio BBICOKYIO adduH-
HOCTBH KOMIDIEKCOB 32 CUET OOJBIIETO PacCTOSHUS MEK-
Iy TOBEPXHOCTHIO BE3UKYJIBl U YIICBOTHON YaCTBIO,
OJIHAKO [0 pe3yibTaraM in Viiro TecTa CaMbIM YCIICIl-

HBIM OKa3aJiCsl JIMUTaHJ C TPUITUIICHITIMKOJICBBIM CIIEH-
cepHbIM ydacTkoM (12b, e) [72]. beuto npeamnonoxkeHo,
YTO CIMUIKOM JjuHHBIE uHenu [13I7 BRIMOTHAIOT poib
Oapbepa MeXIy pelenTopaMy U YIIEBOACOACP KAIINMH
JUraHJaMu, OPEnsATCTBYS MX B3aUMOJEHCTBHIO. AHAJO-
TUYHBIN DKCTIIEPUMEHT MPOBOAWICS U ¢ D-makro3uaoMm
(13), comepxatum 7 OCTaTKOB JIAKTO3bI, IPUCOEAUHEH-
HBIX K Junonentuay uepe3 1,2,3-Tpra3oiabHBIA LUKI
[73]. Ilony4eHHble pe3yabTaThl MOATBEPIMIIN, YTO MOJTH-
BaJICHTHBIC TIIUKOJIUIIHBI TAKKE SBJISIIOTCS] BECbMa TIep-
CHEKTHBHBIMH MOJIEKyJIaMH 751 (POPMUPOBAHUS MOJIH-
(PUIMPOBAHHBIX JTUIIOCOM TapreTHOTO ACHCTBHS.
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HOO @ kMW

P—0C44Hpg

R, = NHC ;H,, R,= HN

OCy4H5g

n=0, R=R,(12a)
n=1, R=R, (12b)
n=73 R=R, (12c)
n=0, R=R,(12d)
n=1, R=R,(12e)

n=73 R=R,(12f)

12a—f

Imaxormriy (13) ObLT BBENIEH B Ka4eCTBE JIMTaH/IA B
CTPYKTYpy KaTHOHHOH JIMTIOCOMBI JJIsl U3YUCHUsI €ro BIIH-
stHus Ha A(P(PEeKTUBHOCTH TPaHCHEKIINU B OTHOIIICHUH KJIIe-
TOYHOM JIMHUM TEeTIAaTOLEIUTIONSPHON KapIITHOMBI YEITOBEKa
HepG2. B xauecTtBe aMranoB APyroro Tuma ObUI UCTIONb-

OR
O

H
H

e

30BaH AHAJIOTUYHBIA DIMKONUITAI, CONCPIKAIINMA TOJBKO
OZIMH ocTaToK D-nakTo3sl. OKa3anock, YTO Pa3BETBICHHBIN
JIMTaHJ CHIDKAET TPAHC(EKIMOHHYIO aKTHBHOCT JIHTIOCO-
MaJIbHOTO KOMILIIEKCa, IEPEHOCSIIETO TIa3MHLY, U3-3a CTe-
PHYECKUX 3aTpyIHEHUN 1 3 deKTa SKpaHupoBaHus [74].

\H/\/U\ /E\COOQBH?’Q

\/N

@@

HccnenoBanust MIMKOIUINI-COAEPIKALINX JIUIIOCOM
C TPUA30JIbHBIM LUKJIOM B CTPYKType HpEeACTaBICHbI
KaK B POCCHICKOMW, TaK M 3apyOeKHOU JTUTEeparype, 4ro
CBUJETEIBCTBYET 00 yI0OCTBE MOIXOJ0B (OpPMUPOBa-

3aKkJIroueHue

JInmocomasbHBIE CHCTEMBI IOCTaBKH XOPOIIO MOA-
XOIAT KaK IJIsl NEpeHOCa MPOTUBOOITYXOJICBBIX MTpeIiapa-
TOB, TaK U JUI TPAHCIOPTA HYKJIEHHOBBIX KUCIOT. OHU
MO3BOJISIIOT CO371aBaTh cTaOWiIbHBIC U A(deKTHBHBIE
Tperaparsl, KOTOpble UMEIOT ropas3go MeHbIIe 1000d-
HBIX 2()(hEeKTOB, UEM NCXOTHOE NEHCTBYIOIICE BEIIECTBO.
OnHako TakHe CHCTEMbI JOCTaBKM MOTYT OKa3blBaTb
TOKCHYECKUH M HMMYyHOJIOTHYecKui 3(dexTs u3-3a
HEen30MPaTeIbHOTO PACTIPEISIICHNS YacTHII 110 OPTraHn3-

13

COOC;gHa3
CH20H2

%N

HUSI TAKOW CBSI3H MEXKAY JUIOQUIFHONH M TUAPODUIE-
Hoii yactamu [23, 75]. [Ipuuem B KauecTBE JTMHKEPHOTO
yJacTka B Mpou3BomHOM D-ranmakTossl (14) BeICTymaer
OeH30JIbHOE KOJIBIIO [75].

O/\/\/\/\/\/\CH3

H
\/k/ VCLO/\/\/\/\/\/\%

My M JIOCTaTOYHO KPYITHOTO pa3Mmepa Mo CPaBHEHHIO C
JOPYTUMH CHUCTEMaMHU JOCTaBKH, YTO MPHUBOTUT K aK-
THBAIlMU 3alIMTHBIX CHCTeM opranm3ma. Kpome Toro,
JUTOTUICKCHI HEOCTATOYHO Y(PPEKTUBHO BBHICBOOOK 1A~
IOT CBOE COJICPKMMOE TIOCIIe TPOHUKHOBEHUS B KIICTKY.
Crnenyer mobuBathbes 3(pexTa HarpaBIeHHOH JOCTaB-
KM TIperapara K [eJICBOMY OpraHy 3a c4eT J00aBIeHHS
Ha MMOBEPXHOCTH JIUIIOCOM CHENU(UUECKUX JINTAHIOB.
[muxonunuaer Ha ocHoBe D-yrneBonoB B cocTaBe Ju-
OCOM 00ECIIeUNBAIOT UX ITPOHUKHOBEHHUE B KIICTKH IIe-
YEeHH 110 MEXaHU3MY PEIeNTOP-0MoCPETOBAaHHOTO KJIarT-

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2019;14(5):7-20

16



A.C. HocogBa, Y.A. ByznaHoBa, I0.A. CeGaruH

PUH-3aBUCHMOTO HSHIIONNTO32, KOTOPHIH aKTHBHPYETCS
IIpU KOHTAaKTe YIIEBOJCOACPKAIIeH 4YacTH JHUraHjaa c
AKTHBHBIM IEHTPOM AaCHAIOTIIMKOIIPOTEHHOBIO perlerl-
topa (ASGP-R). ITokazaHo, 4To IJIsl 3TOr0 MOXKHO HC-
MIOJTE30BaTh KaK MOHOBAJCHTHEIC TIPOU3BOIAHBIC YTIICBO-
JIOB, TaK U MOJIMBAJICHTHBIE ITIMKOKOHBIOTAThl. Bapbupys
CTPYKTYpY JIUTaHIa W KOJIUIECTBO JAOOABISIEMBIX K JIH-
nocome MoAu(UKALKN, MOKHO JOCTHYDh HAMOOJBILETO
TeparneBTHIecKoro 3 dekra. OrpoMHOE BIUSHHE Ha ad-
(DMHHOCTH W KJIETOYHBIH OTBET OKA3bIBAIOT PACCTOSHUE
OT TOBEPXHOCTH JIUTIOCOMBI JI0 YIJIEBOJHOTO OCTaTka
(nuHa crmeifcepa) ¥ rHAPOPUIBHO-TUIIO(UIBHBIN Oa-
nanc (I'JIb) Monexkysbl TUTana.

B nenom, ans obecnedeHuss MUHUMaIbHOTO 3 dek-
Ta OT B3aUMOJICHCTBUS MOIUQPHUITMPOBAHHOW YACTHIIBI C
ACHAJIOTITUKOMPOTEHHOBBIMU PELENTOPaMHU KIIETOK He-
00X0MMO JOOABIISTH B €€ COCTAB CIICU(UIHBIN JTUTaH]]
B KonuiecTBe 5%, a pacCTOSTHHE MEX1y MOBEPXHOCTHIO
JIMITOCOMBI M YIJIEBOJHBIM OCTAaTKOM JOJDKHO COCTaB-
nare npumepro 10 A. Hanuuue B cocTaBe KaTHOHHOI
JIUITOCOMBI TJIMKOJHITHIOB YCKOPSIET TPOIECC MPOHUK-
HOBEHHUSI BHYTPb KIETKH HE TOJBKO 3a CYET perenTop-
OTIOCPEIOBAaHHOTO MEXaHM3Ma, HO Takxke Omaromaps
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