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1. CTPYKTYPA
U ®UBUKO-XUMUUECKHUE
CBOMCTBA JIAKTO®EPPUHA

JlakTodeppun (JIP, Tarke M3BECTHBIN KaK JaKTO-
TpaHc(eppuH) — HETeMOBBIH KeIe30CBI3bIBA0-
MUY TIUKOIIPOTENH, OTHOCALIWMCA K CeMeHCTBY
tparcgeppusosB (TD).

JI® 6puT BiepBhle OOHApY:KEH U BHIIEIEH U3
KopoBbero Mosioka B 1939 r.; a B 1960 r. BbIeneH
U3 KEHCKOTo MosoKa [1, 2]. Pacmmndposansr amu-
HOKHCJIOTHBIE IIocaemoBaTenbHocTu JI®P nmeesaTu
BUIIOB KMBOTHBIX (uemoBexa [3], kopoBbl [4],
MBIIITH, JIOIIAAH, CBUHBH, KO3bI, OBIIbI, OYHBOJIA U
Bepbaroaa [5]).

Monexyna JI® cocTouT U3 OJHOM IOTUICIITH]I-
HOI 11eru, AauHOH ~700 aMHHOKHUCIOTHBIX OCTAT-
KOB. YCTAHOBJIEHO, YTO IIEPBUYHBIE CTPYKTYPHI
JI® uenoBexa u mbiu uMeoT 70 % TOMOJIOTUH,
4JeJloBeKa W KOPOBBI — 69 %, MBI 1 KOPOBBI —
63 % [6]. IlepBuunasa crpykrypa JI® uemnoBeka
MMeeT BBICOKYIO CTeIIeHb HIEHTUIHOCTH C CHIBOPO-
TounbiM T® yemoseka (~59 %).

JI® :xeHCKOTO MOJIOKA cocTouT u3 691 amuHO-
KHCIIOTHOTO ocTaTtka [7]. Ero monekynapHaa macca
cocrasnger ~80 xla [8,9, 10]. Tpauckpunuus
rera JI® mmox meiicTBHEM anbTepPHATHBHBIX IIPOMO-
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TopoB — P1 u P2 — Bexmer k¥ o6pasoBaHuio JByX
npoaykros: MPHEK JI® u nenvra-JI® (A-JIP) [11].
A-JI® He comepsuT N-KOHIIEBOM CUTHAJIBHOU II0-
CJIEIOBATEIBbHOCTH U II03TOMY He 00afaeT PsaaoM
dbyurnwmit [12]. Usosnerrpuyeckas toura JID ge-
JIOBEKA IO Pas3HbIM MaHHBIM cocraBigeT 8,0 — 8,5
[13], 8,7 [14], 9,7 [15].

ITomunentuauasn mens 6erka MOKET OBITH pas-
JlelleHa Ha JBe TOMOJIOTHYHBIE IIOJIOBUHEI, B KOTO-
pbix coBmagaioT 37 % amuHokuciaor (pume. 1) [3].
I'omosoruusbie IOOBUHBI 00pa3yIOT TIIOOYJIAp-
Hele gomu: N moio, comep:kalryo N-KoHeI[ mom-
THEeNTHIHOM Ienu (AMUHOKHUCIOTHBIE ocTaTKu 1 — 333),
u C pomro, sawmiouamorryio C-rxoHer (ocraTKu
345 - 691). [lonu coemnHEHBI O-CIUPATHHBIM y4a-

Puc. 1. IIpocTpaHCcTBeHHAsa CTPYKTypa KeJIe30HaChI-
1eHHoro Koposbero JIP ¢ paspemennem 2,8 E [13].
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Puc. 2. HKeneso-caswiBaromuii caut N-momu JI® gemo-
Beka [5].
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Puc. 3. pH-3aBHCEMOCTD BHICBOOOKICHUS sKee3a, ToKa-
sarHad 1151 JIP Kopossl, JIP yenoBeka v CbIBOPOTOYHOTO
T® yenoseka [6].

creoM w3 11 amwmuOKHCcioT (ocrarkm 333 — 344),
YTO TPHUIAET MOJIEKyJe [IOMOJIHUTENbHYI0 Tu0-
rocth. Kaikmasn mond mpexcraBiser coOO0HU SIIIHII-
COHJ C pasMepamu mopanaka 55 x 35 x 35 A. Moze-
KyJa 6eIka He CHMMETPHUYHA, TAK KaK J0JIU II0Bep-
HYTBI IPYT OTHOCHUTEIBHO Jpyra Ha yroix ~150° u
coBuHyThI HA 25 A. Kaxmaa us moineit, B CBOIO o4e-
penb, COCTOUT M3 ABYX IOMEHOB, UMEIOIIUX CXO-
JKYI0 CYNEPBTOPHUYHYIO CTPYKTYPY: HEPEeryasapHO
CKpyYeHHBbIE [B-JIUCTBI, COETUHEHHBIE METIAMU U
a-ciupasiamu [7, 16]. Monekyna B 1eaoM uMeer
~43 % o-cuupaneit u ~27 % B-nmucros [17]. CTtpyx-
Typa MOJIEKYJIbI ToAep:KkuBaercsa 16 mucyabum-
HBIMH CBA3IMH, 6 IIap KOTOPBIX OKBUBAJIEHTHEI B
obenx mOJISIX, a 4 OCTABIIMXCS PACIIOJNOKEHBI B
C-nouie.

JI® MoskeT cylecTBOBaThH B BHAE ABYX (DOpPM:
ano (:eje30-HEHACHIIEHHBIA 0eI0K) U X010 (co-
nepsxut Fest B akruBHOoM nenTpe). Monekyna JID
crioco0Ha 00paTWMO CBA3bIBATH ABa WoHA Fest.
Keneso-cBsa3bIBaIOIIE CANTHI PACIIOIOMKEHBI B YI-

JyOJIeHIH MEKAY HOMEHAMHU II0 OXHOMY B KaiKI0HN
Iojie, WX pasMep cocraBiader —~42 A. Kampprit
aToM Kejie3a KOOPAMHUPOBAH YEThIPHMS 6EIKOBbI-
MU JUTAHIAMHU: AByMSA aTOMaMH KHUCI0poaa peHo-
aat-uoHoB Tyr-92 u Tyr-192 (u Tyr-435 u Tyr-528
B C-mome, coorBercTBeHHO), Ne2 aromamu asora
umugasona His-253 (His-597) u xapOOKCHIbHBIM
kuciopogom Asp-60 (Asp-395) [7, 16]. Kammprit
aToM jKesle3a MMeeT OKTad[IpUdYeCcKOe OKPY:KeHWUeE,
OIHAKO dYeThIpe OEJKOBBIX JIUTAHAA 3aHUMAIOT
JINIIb 9Ye€ThIPE U3 IIECTH BO3SMOKHBIX HOBHHHﬁ. HC-
ClIeJOBAHUS ITOKA3AJIN, YTO JABE OCTABIINECS II03H-
UHA 3aHUMAeT aHHOH CO? nma HCOj (puc. 2).
AHUOH B3aMMOJIEHCTBYET C IIOJIOKUTEILHO 3aps-
sKeHHBIMU N-KOHI[€BBIM IIEIITUIOM U OOKOBBIM pa-
nuranoM Arg-121. OKcliepuMeHTHI 110 MyTareHesy
[OKAa3aJiv, YTO 3aMeHa JIF000ro u3 4 OCTATKOB aK-
THUBHOTO I[EHTPA IPUBOAUT K PE3KOMY YXYAIIEHUIO
CBSI3BIBAHMUS JKEJIe3a; TaK JKe KaK U MyTAIMH I10 0C-
Tarky Arg-121, ydvacTBylollleMy B CBA3bIBAHUU
COZ [5].

Kemeso cesaswiBaercs ouenn mnpouno (K ~
10-20 M-1), HO obparumo. JI® mo:xker ymep:ruBaTh
JKeJIe30 Jake B IPHUCYTCTBUU KOHKYPHPYIOIIEro
auranga (Hanpumep, rmurpara) [14] smrors g0 pH
3, B TO BpeMs Kak ocTaIbHbIe 6enku cemetrictea TP
BBICBOOO:KIAIOT skeme3o mpu pH ~ 5,5 (pmec. 3).
Pasnmunoe nosenenue JI® u TP moxer OBITH 00B-
SICHEHO KOOIEepaTUBHBIM B3aMMOJEUCTBUEM [BYX
monert B JI®, He mabmogaomumcsa B TP [6]. Tax,
ceaspiBanue keneza B C-mome JI® cymecTBeHHO
crabunusupyer csasbiBanue B N-gose. Ilo-Bunu-
MOMY, B 9TOM Urpaet poyib C-KOHIeBas 0-CIIUPAIIb,
Kotopas KoHTakTupyer ¢ N-momei. OrcyrcrBue
aroro aBjaeHud B T® moxker ObITH 00BACHEHO pas-
JIMYKMEM B CTPYKTypE IEeNTUA, COeTUHSIONIEro IBe
momu. Bo Bcex oxapakxrepusoBaHHBIX JI® sTOT
menTu; o0pasyer o-CIIupaib, B TO BpeMsd Kak B TP
OH mMeeT THOKYI0, pacCIpAMJIEHHYIO, HEeperyJsp-
HyIO CTPYKTypy. sKecTrocTs o-cmpanu obecredn-
BaeT 0oJiee TeCHOe B3aMMOJEMCTBHE JBYX IOJIEH,
KOTOpOe CTAa0WIM3WpyeT CBI3bIBAHHE jKele3a B
N-zmoie, caBuras Ha4ajao BHICBOOOMKIEHUS JKele3a
no uuskux suavenust pH. Kpome Toro, ma pasmu-
yne B moBeneHuu JI® u T® pausger nanuuue B Mo-
mexyiae T® aByx ocraTrkoB jausuHa, Lys-206 u
Lys-296, xoTopbie 00pa3yoT HEOOBIYHYO0 BOIOPO/I-
Hy!0 cBA3b. B JI® yemoBeka sTa mapa 3ameHeHa oc-
tarkamu Arg-210 u Lys-301. Oguako B JI® kopo-
BBI, OyHBOJIA, JIOMIAAN U BepOIi0/ia B SKBUBAJIEHT-
Hbix T® mnosumuax TakKe MTPUCYTCTBYIOT [aBa
ocraTtka ausuHa, Lys-210 u Lys-301. Ho cBa3s me-
JKIy 9TUMH ocTaTKamMu He obpasyercs, u OeJKu Be-
IyT cebs Kak TunuaHbie JID [6].

Wsyuenue moKasamo, dYTO CBI3bIBAHHWE U
BBICBOOOKIEHNE JKele3a COIPOBOMKIAETCI OOIb-
MU KOH(OPMAIIMOHHBIMU M3MeHeHuAMH B JID
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(puc. 4). CpaspiBaHKWe MIPOUCXOIUT B OTKPBITOH
KOH(OpPMALIUH, TIPU STOM CHAYAIa CBA3BIBAETCS
aHWOH, 3aTe€M IPOUCXOAMUT CABUT JHUTAHIOB, CBI-
3bIBAHME JKee3a U IIePexX0j MOJIEKYJIbI B 3aKpbI-
TyI0, O0Jiee KOMIAKTHY0 Koudopmanwmio. [Ipu orm-
peneeHHBIX yciaoBHAX aro-opma JIP mosker
MIPUCOEANHITh HOHBI APYTUX METAJJIO0B, 00OBIYHO C
BBICOKHM MoJo:kuTeNbHbIM 3apagom (Cr3+, Co3+,
Mn3+, A+, Ga3+, Cu2+, Zn2+, Cd?*, Ni2*, uoHBI
smauHTaHOu0B) [6]. MoHBI IPYTHUX METAIOB CBA3LI-
BAIOTCA TEMH K€ aMUHOKHCIOTHBIMH OCTaTKAMH,
uyro u Fe3*. Ilokaszauo, uro JI® moikeT cBI3bIBATH
mo 70 wmonoB Fe3* yuacTkamMu MOIUIENTUIHON
[Iell¥, OTJHUYHBIMH OT JKeJIe30-CBI3bIBAIOIINX
cauroB [18]. Ilpu srom obpasyercs dacruiia, co-
croqamas us 15— 16 momexyn JIP, obmamaromas
60JbIlelH CTa0UIBHOCTHIO, YeM HATHBHBIN OEJIOK.
IloBbiienue cTabUIBHOCTH 00YCIOBIEHO DIIEKTPO-
CTATUYECKUMH B3aUMOIEHCTBUSIMHY MEIKIY HOHAMU
Fe3* m HCOj, BXogAmuME B COCTaB PA3HBIX MOJIe-
Ky JID.

YTiIeBOAHBIN KOMIOHEHT Bcex JI® comep:kuT
nosucaxapuabl N-aleTHIIaKTO3aMUHHOTO THIIA,
a,1-6 dyxosumupoBaHHbIe M0 ocTaTKy N-areTuir-
JIIOKO3aMHHA, COESUHEHHOMY C IIOJHIENTUIHON
menbio. JIP yenmoBeka MOKET TaK/Ke COIEeP:KaTh 10-
MOJTHUTEIbHBIE IT0MH-N-aIeTHILIaKTO3aMHUHOBbIE
aHTEeHHBI, KOTOPbIE MOTYT OBITH o,1-3 yKo3UIHU-
poBaubI 0 ocTaTky N-areTuiaraoro3aMuHa. JID
JIPYTHUX KUBOTHBIX COMEPIKAT JOIIOJIHUTEIHHO II0-
nucaxapuabl Goratbie MamHo30# [11]. ¥Yrmesom-
HBIHA (pparMeHT CBA3aH ¢ OEJIKOBOM YACTHIO TJIHKO-
3UIHOM CBSI3BIO Yepe3 aMHUAHBIA a30T acruaparuHa
(Asn-137 u Asn-490) [3]. Yucno m norammsanus
CcalToOB IMIUKO3UIHUpoBaHuA cpeau JIP pasmuuaabx
JKMBOTHBIX CHJIBHO BapbupyioT. Bosmee Toro, rere-
POTE€HHOCTH B YKCJI€ YIACTKOB TMIMKO3UIUPOBAHUS
HabI0aeTcs y OTAeNbHBIX 0cobel. Ponb ouroca-
XaPUIHBIX I[eTe 10 KOHIA He BhIACHeHA U, [10-BHU-
IUMOMY, 3aKJII0YAETCA B CHIYKEHUH HMMYHOT€HHO-
cru GesIKa U 3aluTe ero ot mporeosusa [11].

Msmuorue dyuriuu JI® onpenensiores ero mo-
BEPXHOCTHBIMHU CBOMCTBAMH. 3apsj 110 IOBEPXHO-
CTH pacmpejejieH O4YeHb HepaBHOMEPHO, MOKHO
BBIIEIUTh TPHU O0JIACTH ITOJIOMKUTEIHHOTO 3apsa:
ua N-konrie (ocratku 1 — 5), Ha mepBo# o-ciupaIn
(ocratku 12 — 31) u Mexay AByMd moaamu (puc. 5).
N-KoHIleBasg CHUTHAJIbHAS I[I0CIEI0BATEIbHOCTD
GRRRR JI® uemoseka, mo-BUAUMOMY, 00eCIIedH-
Baer croco6HoCTh J|P IPOHUKATH B IAPO U BBHICTY-
marh B KauecrBe paxkropa Tpauckpuninu. Oguako
aTa IMOCIeN0BATEIbHOCTh XapaKTepPHA TOAbKO JJIT
JID yenmoBeka u He BCTpeUYaeTcd y JKUBOTHBIX [5].

Puc. 4. Koudopmanuonusie usmeneHusn B JIP uenosera
[11]. A — crpyxkTypa Kene3o-HachieHHoro JIP, B — oT-
kpbrrag, C — sakpertan koHpopmanuu N-goau JIP gero-
Beka. [Torkasann! fomerbl N1 u N2 B N-nonteu C1l u C2 B
C-noie.

Puc. 5. Pacupenenenve 3apana mo IIOBEPXHOCTU MOJIe-
kysel JI®. [lonokurensHo 3aps;KeHHbBIE 00IACTH TTOKA3a-
HbI CHHHM, OTPHIIATEIbHO 3apaKeHHbIe — KpacHbIM [5].

2. HAXORIEHUWE U MECTO
CHUHTESA JIAKTO®EPPUHA
B OPTTAHUSME

JI® cuHTesuWpyeTcA B SMUTEIHATBHBIX KIETKAX
CIIM3UCTOM PA3IMYHBIX MIEKOIUTANIINX (YeIoBe-
Ka, KOPOBBI, KO3BI, JIOIIATH, COOAKHU, IPHI3YHOB).
Kpome Toro, 6enok HalileH B ceKpeTax mpaKTude-
CKM BCEeX DK30KPHHHBIX JKeje3, BKII0YAf CJIe3bI
(2 mr/mi [13]; 0,4 mr/mu [9]), crony (0,013 mr/mir)
[9], HasanbHBIE U OPOHXUAIBHBIE CEKPETHI, Keldb
(0,0042 mr/m) [9], mamkpeaTWdYecKwWil COK, ce-
Mennyo skugakocth (0,518 mr/ma) [9], wmouy
(0,00005 mr/mi) [9], mor (0,0025 mr/mi) [9]. JID B
OOJIBIIIOM KOJMYECTBE COMEPIKUTCI B MOJIOKE
(1,28 mr/mi) [9] m momosmsBe (7 mr/mum [14];
3,2 mr/mu [9]), aBadsacek Hauboiiee pacnpocTpaHeH-
HBIM 0EJIKOM B MOJIOKEe mocje KaszenHoB. Ilommmo
KOHCTHUTYTHBHOM OKCIIPECCHM HAa TIOBEPXHOCTH
CIM3UCTHIX 000JI0YEK O0HAPYIKEeHA peryirupyemas
TOpMOHaMHu U (paKTOpaMu TPAHCKPUMITHU (B 3aBHU-
CHMOCTH OT TKauu) sKcupeccus JIP. Tax, skcapec-
cusi OelKka B MOJIOYHOH JKejie3e HaXOIUTCHA IIOJ
KOHTPOJIEM MPOJIAKTHHA, B PEIIPOAYKTHBHOM TPAK-
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Te dKcmpeccud JIP mMHAYIUPYyeTCI CTEPOHIHBIM
TOPMOHOM 3CTPOTEHOM.

B cucreme xpoBeTBOpenus JI® sxcmpeccupy-
ercs B PasBUBAOIIUXCA HEATPOpMIaxX B X01€ CTa-
IUY CO3PEBaHUs MUEJOLMTOB M 3aIacaerci BO
BTOPUYHBIX T'paHynax HeuTpoduaos [19], comep-
xanue Oenxka B HuUX cocrasisger 15 mir/10°mei-
tpodusnoB [13]. JI® Takke obHapykeH B mIasMe
kposu (0,001 Mr/MiI) ¥ aMHHOTHYECKOM SKUIKOCTH
(0,006 mr/vur) [9]. KonrenTpalius B KpOBU B HOPME
COCTaBIJIIET OKOJIO 1 MKI/MJI, OMHAKO MOXKET BO3-
pacraTs 10 200 MKT/MII P BOCHAIUTEIBHOM IIPO-
mecce [20].

3. CTABWJIBHOCTD JJARTO®EPPUHA

Wsyuenwne Brusuus pH cpexsr Ha TepMmocTabuib-
HOCTH KOopoBbero JIP mokazano, 4To 610K 6BICTPO
IeHATypHUpPyeT U BBIIaaeT B OCAIOK IIPU HarpeBa-
uuu B cpene ¢ pH Boime 6,0. Oguaxko, JI® ycroii-
gyuB K HarpeBammio 10 100°C B cpeme c¢ pH
2,0 - 5,0. IIpu marpesauuu Berme 100°C npu pH
2,0 — 3,0 rIMKONIPOTENH TIOIBEPTAETCA THAPOIUIY,
TepPSs IIPU HTOM CIIOCOOHOCTH K CBA3BIBAHUIO JKelle-
3a [21].

PesyabraTh! uccienoBaHuii [eUCTBUA IIPOTEa3
Ha JI® nporuBopeunssl. Tax, npu u3ydeHUu neu-
CTBUSA TPHUIICHHA U XUMOTpUIICHHA Ha JI® KOpOBHI
¥ 9eJI0BeKa in vitro BBISBIIEHA 0OJIbINAA yCTOMIU-
BocTh JID ugemosera [22]. B To
JKe BpeMs In UIV0 Y B3POCIBIX
Joned  IIPoJeMOHCTPHPOBAHA

Kpome Toro, mokasamo, uro dopma Oemnka
BIWSIET HA €r0 yCTOMYHUBOCTH K IIPOTEOJIH3Y: XO-
smo-gopma KopoBbero JIP Gosee ycroiunBa K mIpo-
Teonusy, yeMm amo-gopma. OgHako B ciayuae JID
Yyesl0BeKa arno-opMa Tak:ke Oblaa CTabUIbHA, YTO
MOKHO OOBACHUTH SBONIOIUEH CTPYKTYphI Oelka
[22]. YacTruHO pacIerieH bl 0el0K COXpaHsIeT
CBOIO CIIOCOOHOCTH CBS3BIBATH :Kene30. Pparmen-
ToI JID venoBeKa, MOIyUYEeHHBIE ITOCTIE KUCIOTHOTO
ruapoan3a 6ejKa, MOTYT CBA3BIBATHCA C PEILIEITO-
POM CIM3UCTOM 000JIOUKH, XOTS W C MEHbIIEH ad-
(buHHOCTBIO, YeM MHTAKTHBIN 6eoK [23].

4. BUOJIOTUYECKHUE ®YHKIIWUU
JJAKTO®PEPPUHA

JI® pacnpocTpaHeH B pa3THIHbIX TKAHAX, OTHAKO
TOYHO €r0 POJb 0 CUX IOp He BhiicHeHA. OCHOB-
HOM ocobeHHOCTHIO JID ABIAETCSA €T0 CIOCOOHOCTh
CIenM(PUIECKr CBA3hIBATh MOHBI jKejie3a U HEeKOo-
TOPBIX IPYTUX MTEPEXOTHBIX MeTaLI0B. K dyHKITH-
M, B OCHOBE KOTOPBIX IIPEAMOI0KUTETBHO JTEKUAT
KoMILITeKcoob6pasyiorias crocobuocts JIP, orHo-
cAT GaKkTeprocTaTUYECKoe, ObaKTepuIuaHoe, QyH-
THIUIHOE, TTPOTHBOBUPYCHOE, JIETOKCUIIHPYIOIee
JIEWCTBUA, a TAKKEe TPAHCIIOPTHYIO (PyHKIHIO [25].

Tabauya 1. Bakrepuu, Ha koropble JI® okaseiBaer geticrsue [13, 28]

00JIbIIIAsT YCTOMYMBOCTh K pac-

Baxrepusa
IeIJIEHUI0 KOpoBbero JIP, uem

Mogens
W3YJEHHUs

pexoMmbuHauTHOTO JIP Uemose-
ka [23]. Oguako y MiameHIleB
JI® uenoBeKa MPaKTUYECKH He
TOJ[BEprajicd PAaCIIeIIeHUI0 B
ey TOIHO-KUIIEYHOM TPAaKTe,
YTO MOKeT 6bITh 00bsICHEHO 00-
jiee MATKMMH YCJIOBHUSMH JIET-
CKOM IHUIIleBapUTEIbHOM CUCTE-
MBI: OTHOCHUTEIHHO BBICOKHUM
pH u Huskum ypoBHEM ep-
MEHTATHBHOM CEKperuu. ITO
corjacyercsi C JaHHBIMU, OIH-
caHHbBIMU B [24], u mpoTuBOpe-
YHUT pPe3yJbTATaM, OIMHUCAHHBIM
B [14], rae JI® yenoseka merpa-
IUPYEeTCs KeIyJOYHBIM COKOM
HOBOPOKAEHHBIX JeTeH, MIpHu-
4eM OH MeHee crabuieH mpu pH
3,2, uem npu pH 1,8. Ha nepe-
BapuBanue JI®P Takke OKa3bI-
BAOT BIWAHWE MHUKpodopa u
CKOPOCTh MPOJBHKEHUS 110 KHU-

Bacillus subtilis
Clostridium sp.

Micrococcus sp.

Helicobacter felis
Helicobacter pylori

Shigella spp.
Vibrio cholerae

Bacillus stearothermophilus

Haemophilus influenzae
Listeria monocytogenes

Staphylococcus aureus
Streptococcus mutans
Staphylococcus epidermidis

Chlamydophila psittaci
Jureponarorennas Escherichia coli
Aurepoarperarusnas E. coli
Huddysuonno aaresusuas E. coli

Legionella pneumophila
Pseudomonas aeruginosa

Mycobacterium tuberculosis

I'pamnonoscumenvruie

In vitro 4emnoBeka

In vitro 4emnoBeka

In vitro 4enoBeka U KOPOBbI
In vivo KoOpoBBI

In vivo uenoBeka

In vitro 4enoBeka u KOPOBbI
In vivo  kKopoBBI

In vitro uenoBeka

In vivo 4enoBeka

I'pamompuyamenvruie

In vitro 4enoBeka u KOPOBbI

In vitro 4emoBeka

In vitro uemnoBeka

In vitro uemoBeka

In vivo  4emnoBeka, PEKOMOMHAHTHBII

In vivo  KOpOBBI

In vitro KOpOBBI

Invivo 4yemoBeka

In vitro 4emnoBeka

In vitro 4enoBeka
Arxmurnomuyemst

In vitro 4enoBeka
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Puc. 6. Mexanusm anTubaxTepraabHoro gercrsus JIP [13].

4.1. Aumubaxmepuanvroe deticmaue

JI® mposeaser aHTHOAKTEPHUATHHYI0 aKTHBHOCTH
[0 OTHOIIEHUI0 K I'PaMITOIOKUTENbHBIM, TPAMOT-
PHIIATEIHLHBIM OAKTEPUAM U K HEKOTOPBIM aKTHHO-
mureram (tabma. 1). JI® oxaswiBaer 6akTepuocra-
THYECKOe JIEHCTBUE IIOCPEICTBOM CBA3BIBAHUS KO-
HOB JKeje3a, auiiaf 6aKTepun JKU3HEHHO BaKHOTO
MHKPO3JIEMEeHTa, HHTHOUPYA POCT MUKPOOPTaHU3-
MOB M SKCIIPECCHUIO UX BUPYJIEHTHBIX (PaKTOPOB.

Bakrepununmoe neiicrsue JI® ob6yciaoBieHO
MPSMBIM B3auMOIeHCcTBHEM 6EIKOBOM MOJIEKYJIBI C
OBEPXHOCTHIO OakTepwmii. B 1988 roxy 6su10 mOKA-
3aHo [26], uTto JIP moBpexkmaeT BHEIIHIOID MeEM-
OpaHy TIpaMOTPHIATEIbHBIX OAKTEPHUI IOCPEICT-
BOM CBSI3BIBAHUA C JTHUMHUAOM A JTHUTIOIONIHCAXAPUIA
(puc. 6). IMomoxurenbHo 3apsKeHHBIA N-KOHEIT
OellKa IPersaTCTBYeT B3aMMOIeHCTBUIO JTUIIOTIOIHU-
caxapuna ¢ karunonamu Ca2t u Mg?* 6akrepuaib-
HOM MeMOpaHbI, BBI3bIBAs BBICBOOOMKIEHUE JIWIIH-
Ia A, ¢ mocienyoIiuM OBPEkIeHEM MeMOpaHbI
u rubensio 6akrepun. Bsammopeiicrsue JIP ¢ au-
MIOITOJINCAXaPU0M, KPOME TOTO, YCUIUBAET NeHCT-
BHUE TAKUX IPHUPOIHBIX AaHTHOAKTEPHUATBHBIX areH-
ToB, kKak naumaormMm [13]. HeiicrBue JI® mporus
TPaMIIOJIOKUTENbHBIX OAKTEPH OCHOBAHO HA CBS-
3bIBAHWHU IIOJIOKUTEIBHO 3apKeHHOro Oeska C
AHUOHHBIMH MOJIEKyJIaMu OaKTepHaTbHOHN IOBEPX-
HOCTH, TaKMMH KaK JIMIIOTEHX0eBasd KHCIOTa
(puc. 6). B pesynbrare oTpuIlaTeIbHBIN 3apAs Kile-
TOYHOM CTEHKH YMEHBIIIaeTCs, CIIoCOOCTBYS B3au-
MOJIEHCTBUIO JIM30I[MMa C IENTHAOTIHKAHOM |
pacmenienuio mocnenHero. Ilomumo musormma
OIIMCAHO CUHeprerwdeckoe jnaericrBue JIP c pas-
JINYHBIMHE aHTHOHOTHKaMu [26], a Takke ¢ 6axTe-
puodaramu [27].

Muorre mrTaMMbl CIOCOOHBI HH(PHUITEPOBATH
yesmoBedeckue KieTku. [Ipu oOHapy:KeHUN TOTEH-
[UAJTBHBIX KIETOK-MHINEHeH OaKTepHH, MCIIOJb-

3ydA cBoM cucteMbl cekpernu 111 Tuma, HaunHaoT
CEeKpPeTHPOBATh (PAKTOPHI BHUPYJIEHTHOCTH. OTH
Oenkr B MeMmOpaHe KIETKH-XO3AHHA 00pasyioT
KOMILIEKC W SBJSIOTCS KJIFOYEBBIMHU KOMITOHEHTA-
MM, OTBEUAIOIIUMHU 32 GAKTEPHATbHYI0 WHBABHIO.
JID, mpoaBaAsa aKTUBHOCTD, CXOKYIO C eHCTBUEM
CcepuHOBBIX mporeas (cMm. pasmen 4.10), crocoben
PAaCIIenIsAT, HEKOTOPbhIE U3 STUX 0EIKOB ¥, TAKAM
o0pasoM, IPOTHUBOAEHCTBOBATH IIPOXOIKIEHUIO
GakTepuu B KiIeTKy [28].

Kpowme Toro, JI® moxker mpenaTcTBOBATD IIPH-
KPEILIeHHIO HEKOTOPBIX OaKTepHil K KIeTKe X0359H-
Ha. MexaHusM 5TOro JeHUCTBHUSI TOYHO HE YCTAHOB-
JIeH, HO IIPeAIoJIaralT, YTO YIJIEBOAHBINA (ppar-
MEHT JaKTO()eppHHA CBA3bIBAET OAKTEPUATBHBIE
KOMIIOHEHTHI, OTBEYAOIIHNE 32 IPUKPeIIeHne, 1mo-
JIABJIAST UX B3aUMOJEHCTBHE C PEeIenTopaMu KieT-
ku [13].

Hexoropsie mramMmbl 6akTepuii, HampuMep
Pseudomonas aeruginosa, Burkholderia cepacia,
Staphylococcus epidermidis, 00pasyioT GHOILIEHKH
[28]. IIpu 3TOM PE3KO MOBBIIIAETCA YCTOUYHUBOCTH
OaKTepuil K MeXaHH3MaM WMMYHHOM 3all[UTHI Op-
raEmsMa M [OeHCcTBUI0 aHTuOmoTHKoB. OmHakKo,
JID, Haxoasachk B (PU3MOJIOTUUECKUX KOHIIEHTPAIIH-
X, WHTHOMpyeT oOpasoBaHue OHUOILIEHOK. OTO
00yCIIOBJIEHO CTUMYJIAIIMEH CIIelu(PUIECKOro DakK-
TEPUAIbHOTO IBHW/KEHUS, HA3LIBAEMOIO ITOJEPIH-
BauueM. [lomepruBanue MPensaTCTBYeT MPHUKpPeI-
JIEHUI0 GAKTepUH K KIeTKe MJIEKOIITHUTAIOIIEero, 06-
Pa30BaHUIO MUKPOKOJIOHUU M, B KOHEYHOM HTOTE,
npensaTcTByeT popMupoBaHuio buorurenku. Kpome
TOT0, HEKOTOPBIM IITaMMaM OaKTepuii 1J1st 00paso-
BaHWS IUIEHOK TPeOYITCS BBICOKHE KOHIIEHTpA-
nuu sxenesa B cpeme. Ilostomy JI®, cBsasbiBas
JKeJIe30, MOKET IOaBIsITh obpasoBaHue GHOILIE-
HOK [19].
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Puc. 7. Mexauusm mpoTuBOBHpPYCHOTO neticTsusd J1P [13].

4.2. IIpomusosupycroe deiicmaue

JID mposaBafAeT TPOTHBOBUPYCHOE NEHCTBHE B OT-
uvorennu mupokoro psaga PHK- u THK-coxep:xa-
IAX BHUPYCOB, MH(MUIUPYOIUX UeIOBEKa U KU-
BoTHBIX. [Ipu srom JI® nmubo momaBiser craguio
B3aMMOJIENCTBHS BHUpycCa C KIETKOH Xo3swHa (BHU-
pyc IpocToro repeca, BUpycC renarura B, iurome-
TaJIOBUPYC YeI0BeKa, afieHO0-, POTa- U IOJUOBUPY-
cbl), 1100 IOJABIAET IPOIIECC PEIIUKAIIUN BUPY-
ca B 3apasKeHHBIX KiaeTkax (Bupyc remarura C u G,
BHY). Benok okasbiBaeT aHTUBUPYCHOE JIEHCTBIE
Ha paHHed CTaguu HHPUIUPOBAHUS.

MHo:xecTBO SKCIIEPUMEHTOB OBLIO TIPOBENEHO
1A U3YYeHUsS MeXaHu3Ma aHTUBUPYCHOTO JeHCT-
Bus JIP, ofHAKO TOYHO OH [0 HACTOAIIETO BpeMe-
Hu He ycraHoBneH. Uurubuposanue JIP BupycHoi
“H(EKIIUH TT0CPEICTBOM BIUAHUA HA B3aUMOgEU-
CTBUS BHpYyCa C KIETKOU XO035MHA, [I0-BUIUMOMY,
BEJIIOYAET MOJIEKYJbI, IIUPOKO IIPECTABICHHBIE
Ha IOBEPXHOCTH KJIETKH. | JII0K03aMUHOIIMKAHEI,
B YACTHOCTH remapaH cyibgar, 6rarogaps BBICO-
KOU CTeleHu CyIb(haTUPOBAHNUSA, IBJAIOTCA HANOO-
Jlee CWJIbHBIMYM aHHOHAMHU, IPUCYTCTBYIOIIUMHI HA
TIOBEPXHOCTH KJIETOK Miekomuraromux. Hammame
00JIBIIIOTO OTPUITATEIBLHOTO 3apAna 00ecrmeunBaeT
CBA3bIBAHME TJIIOKO3aMUHOTINKAHAMHA KATHOHOB,
0esKoB, pepMeHTOB, PaKTOPOB POCTA, IIUTOKUHOB,
XEMOKHHOB, JINIIONIPOTENHOB, a TAKKe Pa3IHIHBIX
matoreHoB u BupycoB [28]. CormacHo mHaunbosmee
IIHPOKO IPUHATOMY MexaHusMmy (puc. 7) JI® cBa-
3BIBAETCH C remapas Cyibgarom, u, TakuMm obpa-
30M, IPEIATCTBYET IEPBUYHOMY KOHTAKTy BHPyCa
¢ KJIETKOH U ee wHuIuposauwuio [13].

Bupyc nmmynonedunura uenosexa (BUY) oc-
TaeTcs O[HON U3 OCHOBHBIX IIPO0JIEM COBPEMEHHOM

MEIUITUHBI B CBA3U C HEIOCTATOUHO BBICOKOH d(p-
(peKTHBHOCTHIO HCITOIB3YEMbIX METO/OB JIEUCHMUS.
HccnemoBanus in viiro BBISBUIH, YTO CPEIH BCEX
0elKOB IIasMbl KPOBH M MOJIOKa udenoBeka JID
OKasbIBaeT Haubojee CHIbHOE NeHCTBHE IPOTHUB
BUY. Oror adpperr 06ycinoBieH HHrubHpoBaHuEM
peIuUIuKauy BUpPyca B KIeTke Xo3auHa [29].

IToxkasano [30], uto JIP rak:xe unrubupyer pe-
IUIMKAIIMIO POTa-, ITOJIHO- U aJeHOBUPYCOB. Aro-
opma JIP Mo:keT CBA3BIBATHCA C POTABUPYCHOM
YACTHUIIeH U MMPENATCTBOBATH IeéMAarTAIOTHHAIIUNA U
CBABBIBAHUIO BUPyCA C KJIETOYHBIMH PELEenTopa-
MH. JTa aHTHBUPYCHAA AKTUBHOCTH IIOCTEIIEHHO
CHUIKAETCST TIPU HAaChIeHnu Oenka monamu Fedt,
Fe?+, a Ttakie moHaMu ABYXBAJEHTHBIX METAJLIOB,
Takux Kak Mg?* unu Zn?+. AHTUBUPYCHOE JEHCT-
BHE B OTHOIIEHUU IIOJHOBUPYCA O0OBIYHO Tpedyer
npucyrcreua JI® Ha cragum amcopbium BHpyca,
XOTS IIUHK-HACHIMEHHbINA JID, 1o6aBiIeHHbId I10-
clle MHTEPHAIU3AINN BUPYCa, TAKKE IPEISITCTBY-
er passuTuio wHpeknnn. Uurubuposanue periu-
KAy ajieHoBupyca Tpedyer mobasienud JID 1o
WJIHM BO BpeMs CTaguu agcopbrimu supyca. lleiict-
pue JI®P BrmouaerT KOHKypeHIuI0 N-KOHIIEBOH
gacTu 0eKka ¢ BUPYCOM 3a TIIIOK03aMHUHOTIUKAHO-
BBIE perenTopsl kaeTku. HemaBHue uccienoBanus
MMOKAa3aJIi, YTO HEUTPaATU3allusa aJeHOBUpPYyCa IPo-
HMCXOIUT W 6jaromaps MpsaMOMY B3aHUMOIEHCTBUIO
JI® co crpykTypHBIMEU BUpycHBIME Genkamu 111 u
IIIa [28].

JI® mosxeT 6IIOKMPOBATH MHTEPHAIU3AIIHIO OII-
peleneHHbIX BUPYCOB B KieTke. K HuM oTHOCSTCA:
moanoBUpycC TN I, KOTOPBIH BHI3BIBAET IOIHOMUE-
JIUT YeJI0BeKa, BUPYC IPOCTOTO repreca TUIoB 1 u
II, muromeramnoBupyc [13].

4.3. Dyneuyudnoe deiicmaue

Candida wMoxeT KOJOHM3UPOBATH ITOBEPXHOCTH
CIIMBUCTHIX 060JI0YEK 30POBBIX JIIO€H U CUNTAET-
Cs1 CHMOMOTHYIECKUM MUKPOOPTAHU3MOM, OHAKO, B
OTCYTCTBHE CIEPKUBAHUSI CO CTOPOHBI XO3THHA
MOJKET CTAHOBUTHCS YCIOBHO-IIATOT€HHBIM MHKPO-
opranusmoM. Hawmbosiee moaBep:KeHBI PA3BUTUIO
KaHIUI030B MAIMEHTHI C 0CIa0IeHHBIM UMMYHU-
tetom (BUY-undunupoBanuble W MHOKUIbIE
Jroau), 60IbHBIE caxapHbIM auaberom u ap. Pocr
Candida 06b19HO CTPOTO KOHTPOJIHUPYETCS PA3JIHY-
HBIMH HecHenuuiecKuMu (PaKTopaMu XO3IHMHA,
HaNpUMep, UMMYHOTJIO0YINHOM A H JIH30IMOM,
CEeKpeTHPYEeMbIMH HA TOBEPXHOCTH CIIU3UCTOHN 060-
smouku. JI® TakiKe CEeKpeTHPYeTCs HA OBEPXHOCTh
cnusucTod M mposasiser B orHomenun Candida
MIPOTHUBOTPUOKOBOE [E€HCTBHUE, CTEIEHb KOTOPOIro
3aBUCHUT OT Buja. T'ak, BOCIPUUMYUBOCTE K JIEHCT-
Buio JI® ymenmbmaerca B psanmy: C. tropicalis >
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C. krusei > C. albicans > C. guilliermondii >
C. parapsilosis > C. glabrata.

IIpenmomaraemMbrii MexaHwsM (PYHTHIIHIHOTO
IEUCTBUS CBS3aH C HAPYIIEHHEM IIeJIOCTHOCTH
KJIETOYHOM CTEHKH: BOSHHKHOBEHHEM ITOBEPXHOCT-
HBIX IIy3bIPEH, BBIIYKJIOCTEH, UYTO, B KOHEYHOM
WTOTe, IPUBOIUAT K rubenu KieTkW. BosmeiicTBue
Ha KJIETOYHYIO CTEHKY, BUIUMO, 00yCIOBIIEHO IIPs-
MBIM B3aMMOJAEHCTBHEM OelKa C KJIETOYHOH II0-
BepxHocTbi0. Kpome Toro, JI® npossiser dyuru-
UHUIHYI0 aKTHBHOCTD, CTUMYJIUPYS UMMYyHHBIE Me-
XaHU3MBI 3aIIUTHI, KaK I Vitro, Tak u in vivo [28].
Ha dyurumunmoe neiicreue JIO moxer okasbIiBaTh
BIMsHAE MeTaboIn4ecKoe COCTOSHHEe MHKpPOOpra-
musma. lefictBue 6enka CHIBHO OCaabisgeTcs B
aHa’POOHBIX YCIOBUAX, B IIPUCYTCTBUN MUTOXOH/I-
pHAIBHBIX WHTHOUTOPOB W IPH HU3KHUX BHEKJIE-
TOYHBIX KOHIleHTparusax woHoB Nat, K+, Ca2t u
Mg?+.

Oyurumnugaoe paeticrBue JIP 3HAYUTETBHO
crabee, 4eM KOMMEPUYECKHX IIPOTUBOTPHOKOBBIX
npemaparoB. OpHAKO [IUTEIbHOE IIPUMEHEHHE
JIEKAPCTBEHHBIX IIPOTUBOIPUOKOBBIX CPEJICTB IIPH-
BOJWT K IIOABJIEHUIO YCTOMYUBOCTH, 4 TAKKE K II0-
60ounbiM 3(pperram. COBMECTHOE HCIIOIH30BAHIE
JI® ¢ HEKOTOPHIMHU IPOTUBOrPUOKOBHIMU IIpera-
paramMu AeMOHCTPUPYeT aAJUTUBHBIA WU CHHEP-
rugyeckuit adpderr. Kpome Toro, noxkazana sdpdex-
THUBHOCTB jfelicTBus JI® Ha HEKOTOpble a30i-yc-
toruusblie monsunabl C. albicans [31]. Ilokasano,
uro npumenenue JIP ouensb s¢ppeKTUBHO 1715 TTPO-
TUBOIPUOKOBOM Tepamuu KaHAWJO30B IIOJIOCTH
pra [32].

K neiicrBuro JI® rakike wyBcTBUTEIBHBL Asper-
gillus fumigatus [28] u nepmarodursr poga Tri-
chophyton [33].

4.4. Jleiicmesue nHa dpyzue MUKPOOP2AHUIMBL

CoBpeMeHHbIE HCCIENOBAHU MOKa3amu, 4To JID
OKA3bIBAET [[eMCTBHE IPOTHB HEKOTOPBIX DyKaPHUO-
THYECKUX MHUKDPOOPTaHW3MOB, BKJIIOYAs IApasw-
ToB. [IporuBOonapasurapuas pyHKIHI B OTHOIIE-
uuu Pneumocystis carinii, Entamoeba histolytica,
Babesia caballi u Babesia equi o0ycioBieHa CIo-
COOHOCTBIO 0€NTKA K CBI3bIBAHUIO JKeJIe3a, YT IOJI-
TBEPKIAETCS ee IIOJABJIeHUEM B IIPUCYTCTBUH KO-
HoB Fe?+ Fes+ Mg?+ u Ca2+ [28].

HurepecHo, 4T0 HEKOTOpHIE IAPA3UTHI U3BJIE-
KaIOT I10JIb3y W3 CBA3BIBAHUSA JIAKTOEPPUHOM JKe-
nesa. Tax, Trichomonas vaginalis u Tritrichomo-
nas foetus, BbIpallleHHbIE B HeIOCTaTKe Kejesa,
MOTYT WCIIOJIE30BaTh JIP B KauecTBe HUCTOYHHUKA
Jmeesa.

K nmeiictButo JI® uyscrBuTensHbl Takxe 1o-
xoplasma gondii u Eimeria stiedai. JI®, 6ynyun
OCHOBHBIM TJIMKOIIPOTENHOM, CBA3bIBAETCS C CHJIb-
HBIMH OTPUIATEILHBIMY 3aPSIIAMHU, IIPUCYTCTBYIO-

muMU Ha noBepxuoctu 1. gondii, v IPensaTCTByeT
BHYTPHUKJIETOYHOMY pas3Butuio napasura [31]. JID
MPOABAAET ANIUTUBHBIN UIU CHHEPTUIECKUU d-
(heKT ¢ KIMHUYECKH TPUMEHIEMBIMH MIPOTHUBOIIA-
pasuTapHBIME Ipenaparamu [28].

4.5. Yuacmue 8 zomeocmase scenesa

IIpomomkuTensHas MUCKYCCHA pPasBepHYJIach O
poau JI® B romeocrase xenesa. Haguume y JID
CIIOCOOHOCTH IIPOYHO CBA3HIBATD JKEJIe30, BMECTE C
00JIBIIION OMOMOCTYITHOCTBIO :Keje3a W BBICOKOM
KoHITeHTparuel JIP B MosI0Ke, IT03BOIAET CAeIaTh
MIPEAIoIoKeHre 0 BO3MOKHOUN poau JIP B morio-
I[eHUHN Keje3a B KHUIIEYHUKE HOBOPOKIEHHOTO.
Kpowme Toro, crermuduueckue perentops! Aisa JIP
ObLTH HAUIEeHBI HA IIOBEPXHOCTH CAU3UCTON TOHKO-
ro KHIIeYHUKA YeI0BeKA U APYTUX KUBOTHBIX [34]
(cM. Taxke pasmgen 6). OgHako pes3yabTaThbl HCCie-
JIOBAHUY OKA3aJINCh IPOTHBOPEUYUBBIMH, ITOATBEDP-
saas poub JIP Kak B yCUIeHUH, TAK U B CHHKEHUN
CKOpOCTH ITepeHoca keje3a B kumednnke [14]. Co-
BpeMEeHHbIe HCCIeOBAHUI BBIABUIN ydacTue J1P
B CBA3BIBAHUH JKejle3a U MPENATCTBUH IIOTJIOIIe-
HHIO U30BITOYHOTO JKeIe3a B KUIIIEUHHKE B IIPOIec-
ce BckapmauBauwusa [19, 34].

4.6. Ummyrnomodyaupyrouee deticmaue

Buepssie nmpexamonoxkenue 06 yaactuu JI® B moxy-
JAIUA WMMYHHOTO OTBeTa ObLIO BBICKA3AaHO B
1980 rogy mpu HaOGIIOIEHUH 34 MAIMEHTOM C MO-
JIeKyJIAPHOUN MyTamueii, y koroporo JI® orcyrcrso-
BaJI B HEUTPO(HMIax, HO CHHTE3UPOBAJICA BHYTPEH-
HUMH jKejie3aMu — GOJIbHOM CTPagall XPOHHIECKH-
MH HWHQEKIHOHHBIMU BocmameHusvu [35]. B
HACTOAIIee BpeMs B DKCIIEPHMEHTaX C TPAHCTeH-
HBIMH MbIIIIaMH#, HecyuMmu rex JIP genoseka, yc-
TAHOBJIEHO, YTO 3TH ;KUBOTHBIE 060JIee YCTOMIUBBI K
uHQEKIHOHHBIM 3a601eBanuaM [36].

Ha monerymrspHOM ypoBHE B IIPUCYTCTBUHU DK-
30reHHOr0 JIP m3MeHseTcA SKCIPECCHsS ITUTOKH-
HOB, B OCHOBHOM ITPOBOCITAJIUTEIBHOTO HHTEpP(e-
pona-y (IFN-y), unrepaeiikunos (IL) IL-1B, IL-6 u
daxropa Hexposa onyxoau (TNF)-o, u cumxaercs
mpoaykrusa IL-5 u IL-10. Ilpexmonaraercs, aro
MoJaB/IeHNe SKCIPECCUH MPOBOCIATUTEIbHBIX Pe-
TYJISTOPHBIX MOJIEKYJI 00YCIOBIEHO CIIOCOOHOCTHIO
MIOJIOKUTEIBHO 3apaKeHHOro N-KOHI[eBOTO J0oMe-
Ha MoJeKyabl JI® cBA3BIBATH JIHUIIOCAXAPWHI
(JITIC). Bzaumogeiicrue JIP ¢ JIIIC u ¢ pacrso-
pumoii popmoii pakropa CD14 mpuBogUAT HE TOIH-
KO K aKTHBAI[UH UMMYHHBIX KJIETOK, HO U K CHHTE-
3y CIIeI[UaIbHBIX MOJIEKYJI HAa ITOBEPXHOCTH SHIIO-
TeJIUaJIbHBIX KJIETOK, KOTOPbIe MOOUIHM3YIOT H
HAMPAaBJIAIOT JIEHKOIIUTHI B OYATH BOCIATIEHHU.

OHI/ICH.HI)I ZIpyI‘I/Ie MeXaHUu3Mbl HpOTI/IBOBOCHa-
JINTENbHOro aercTeud JIP, sakmouaroiimuecs B I10-
JABJIEHWHU TPAHCKPUMIMOHHBIX (pakTopos. Kpome
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Toro, JI® cBaspiBaeT cBOOOIHOE Kele30, KOTOPoe
HaKaIIMBAaEeTCd B MOPAYKEHHBIX TKAHAX ¥ KaTAJIU-
3upyeT 00pasoBaHHE TOKCUYHBIX THAPOKCHIBHBIX
pamnuranoB. Takum ob6pasom JID oxaswiBaeT mpo-
THBOBOCIIAJIUTENbHOE HeficrBrue. Biarogaps romy,
4T0 ypoBeHD JIP B KPoBU U OGHOJTOTHUECKUX IKHI-
KOCTSIX PE3KO MOBBILIAETCA IIPU BOCIAIEHUH, 3TOT
0eJIOK TIpecTaBIIsIeT O0IBIIION HHTEPEC B KAYeCcTBe
KJIIMHUYECKOT0 MapKepa BOCIAINTEIbHbBIX 3a60ire-
BaHui [37].

Psp skcriepuMeHTaIbHBIX PA0OT CBUAETEIbCT-
ByeT 0 ToM, uTo JI® akTUBHUpyeT Makpodaru u HH-
OYLHMPYEeT IMOBBIIIEHHE 3KCIIPECCHHU IIPOBOCIIAIH-
renbHBIX 1L-8, TNF-0 1 oxkcuma asora (NO) [38].
Komnexce JIO-JIIIC npu onpejeneHHbIX YCIOBHU-
AX MOJKET 6I)ITI) HHAYKTOPOM BOCIIAJIHUTEJIBbHBIX Me-
IuaTopoB B Makpodarax. Hatusuas ¢gopma 6brdn-
ero JI® u ero mencHHOBBIM TUAPOIU3AT, UHIYITH-
pyior cunte3 IL-18 snurennanbHBIMH KIETKAMU
TOHKOI'O KHIIIE€YHHWKA, YTO BLI3BIBAET H3MEHEHHE
YPOBHS YKCIIPECCHUU PS/ia TEHOB IIPOBOCIAIUTENb-
HBIX (PAKTOPOB, BKIOYAST HHTEP(EPOH-Y. ITOT Me-
XaHWu3M, IIO-BUAUMOMY, ABJIAETCA OCHOBHBIM IIPpH
nogasiaennu JIP mpoIteccoB KaHIleporeHesa 1 pas-
BUTHUSA METACTasoB. Kpome TOro, MHAYKIUI CHHTE-
3a IL-18 B mrasMe KpoBH IIPUBOAUT K OJIOKHPOBA-
HUIO SHIOTEIHUAIBHOIO POCTa, YTO MOKET OObsC-
HUTb TopMmoxkeHue JID aHrHoreHe3a BOKpYT
OTLyXOJIEBBIX KIETOK [37].

Ha xmerounom yposue, JI® crumynupyer yse-
JWYEHWe TUTPA HOPMAJIBHBIX KJIETOK-KHUILIEPOB
[39], ycunuBaer parorurapHsbiii 9 eKT, aKTUBH-
pyeT HeHTPO(UIbI ¥ MOLYJIHUPYET IPOIIECC MUEIIO-
moasa [37].

HccnemoBauusa in vivo mokasanu, uro JIP 3a-
IIHIIAeT OT KOKHOMU U JierouHoi annepruu [40]. ¥
[aIMeHTOB, CTPAJAIOIINX aJIepruel, Habmoaaer-
cf TIOBBIIIIeHUE dKcmpeccun JIP, akTuBaIusa mac-
TOIUTOB U 06a30(DHIIOB, & TAKKe MHUTPALNSI aHTHU-
TeH HeCyIIuxX KJIeTOK, nHunuupoBanHad IL-1f u
TNF-o [37].

4.7. Aumuokcudarnmmoe u demokcuyupyouee
deticmaue

Kucnopon u ero akTusHble MeTaboIUThI, 06IaMAT
[IUPOKUM CIIEKTPOM (PU3HUOJIOTUIECKOTO IEHCTBHA,
WTPAIOT CYIIECTBEHHYIO0 POJIb B MOINEP:KAHUU TO-
MeoCTasa OpraHu3Ma B HOPMAIBHOM COCTOSHUH. B
X0jle BOCIIAJIMTEILHOTO IIPOIlecca, a TaKKe IO
JIeHCTBHEM Pa3IUYHbIX (PAKTOPOB ITOBIIIAETCA 3a-
XBaT KUCJI0POa HeHTpo(uaIamMu 4eoBera ¢ oopa-
soBaHMeM cymepokcuzpa O; IOCpeIcTBOM OIHO-
anmexkTponHoro 1epenoca uyepes NADPH-zasu-
CHMYyI0  OKCHAa3HyI  cucremy. In  vitro
CYTIEPOKCH]I IIOJIBEPTraeTcs ObICTPOMY AUCIIPOIIOP-
[MOHHUPOBAHMUIO 10 Hepekucy Bomopoxaa. Cymepox-
CHJl ¥ TIEPOKCH]] BOIOPOAA BCTYIIAIOT B KATAIU3HU-

PYyeMyI0 HOHAMHU JKejie3a PeaKIuio ¢ 00pa3soBaHueM
TUAPOKCHILHOTO PaIuKaia;

0y + Fe3+ = 0, + Fe?+

H,0, + Fe?* = OH- + OH- + Fes+

0, + H,0, = OH- + OH- + O,

B orcyTcTBUHE Kemesa uin Ipyrux KaTaausaro-
POB 5Ta peakIusa MPOTEKAeT C OYeHb HU3KOH CKO-
pocThbio. ['MAPOKCHUIBHBIA pPAgUKAN ABIAETCA
OYEHb PEAKIIMOHHOCIIOCOOHBIM AreHTOM W MOIKET
BBI3BIBATH JIETPANAIINI0 HEUTPOPUIAMH TyKEPOI-
HBIX MHKPOOPTAHU3MOB, a TaKikKe paspylliaTh TKa-
HU opraHusma-xosauHa [41]. Oguako in vivo mpak-
THUYECKH BCE JKelle30 HAXOIUTCA B CBA3AHHOM C
OelKaMHu OpraHM3Ma-xX03fWHA Buie. B saBmcuMoO-
CTH OT CITOCOOHOCTH CBS3BIBATDH JKEJIe30 ITU OeIKU
MOTYT BBICTYIATH B KAUeCTBE KATAINU3aTOPOB WUIH
MHTHOUTOPOB 00Pa30BaHUA THAPOKCHUIBHOTO pa-
nukaia. [Tokazano, uro JI® mpensrcryer o6paso-
BaHHUIO CBO6OI[HI)IX TUOAPOKCUJIBHBIX PAAUKATIOB
[41] u, TakuM 0Opas3oM, MHTHOUPYET MEPEKHCHOe
okmciIeHne aununoB [42]. To obecrmeunBaeTcs 3a
CUeT CBA3LIBAHUS 0EJIKOM JKejies3a, IOCKOIbKY IIPH
¢usmnonormuecknx ycmoBuax JIP mHaxomurca B
amo-popme  (cTemeHb  HACBIIMIEHUA  SKEIE30M
~20 %). Xono-popma JIP o manabiM [42] He mpo-
SABIIIET AHTHOKCHIAHTHOM akTwBHOCTH. OmHAKO
mo3ske OBLIO MOKas3aHo, 4To JIP MoxkeT ImogaBiIiaTh
MEepeKrnCcHoe OKHCIeHWe IUNHUA0B (0oOpasoBaHue
MaJIOHOBOTO [HAJIBIETUIA), CBI3bIBAS KeJle30 yua-
CTKaMH¥ MOJIEKYJIbI, OTJIMYHBIMHU OT AKTUBHBIX II€H-
TpoB. HecnenuduuecknM cBa3bIBaHHEM MeTAIA
MOXeT OBITh O0BACHEHO aHTHUOKCHLAHTHOE IeHCT-
Bue JID mpu MOIAPHOM COOTHOIIIEHUH JKee30 : be-
JIOK BbIIIe, yeMm 2 : 1 [43].

Kpowme Toro, ucciemoBauus moCaeIHUX JIET II0-
Kasajli, 4YTO aHTHOKCHIAHTHOe neicrBue JIP 3a-
KJIIOYaEeTCs TAKKE B AKTHBAIIUY (PEPMEHTOB aHTH-
OKHCJIUTEILHON CUCTEMBbI [44].

YcTaHOBIEHO, YTO B XO#A€ (parormrosa pPesko
MOBBINIaeTCs BhIcBOOOkAeHre JI® us HerTpodu-
JIOB B MEXKKJIETOUHYIO CPEy, YTO, BUAHUMO, SIBJISIET-
cA MEXaHM3MOM 3alllMThl OKPYKAOIIUX TKAHEH OT
paspyienus [42].

Brarogaps antrokcuganTHOMY aeicTBu0 JIP
IEPCIIEKTUBHBIM IIPECTABIAETCS HCIIOIb30BaHNE
[VIMKOIIPOTENHA [JIS JIEUeHUA OOJIbHBIX XPOHUYE-
ckuM rematuToM. Kpome Toro, B Xozme Helipojere-
HepaTUBHBIX 3ab0eBanuil TpancuTos JIP mias-
MBI KPOBHU uepe3 reMaTosHIledarndeckuii 6apbep
MOKET IIPEISTCTBOBATH OTJOKEHHUIO Keae3a Hu
OKHCIIUTEILHOMY cTpeccy B mosre [11].
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4.8. Aumuranyepozernnoe deticmaue

JI® oxasbIiBaeT mpsMoe BAWSHUE HA KIETOUHBIH
pocr, 6irarogaps 4eMy MOKeT BBICTYIIATh B KAYECT-
Be PETryJIATOPHOTrO 3JIeMEHTA B 3all[UTe OPraHu3Ma
OT PasBUTHUA OIIyXOJIeH U MeTacTasoB. In vivo sKc-
[IepUMEHTHI Ha TPBIyHAX II0KA3aJH, YTO IIepo-
panbHOe nmpuMeHeHue O6brabero JIP pesko coxpa-
oraeT poCT XUMHUYECKH HHAYIHWPOBAHHBIX OILYyXO-
el B Pa3NMYHBIX OPraHaxX, BKIIOYAasd IIHIIEBOT,
A3BIK, JIETKHe, [e4eHb, KUIIEYHUK, MOYEBOH IIy-
3pIpb [19]. Kpome Toro, mo-BuaumMomy, aHTUKAHITE-
poreHHast posib OesIKa MHOTOTpaHHa. Beslok oKasbI-
BaeT IPsIMOe JeHCTBHE Ha POCT OIyXOJIEBBIX Kile-
TOK, YTO IIOJATBEPIKAAETCI 3aMeqIeHUeM HIH
orcyrcrBueMm ciutaticuara ero MPHK B pakoBbix
knerkax. JI® 6mokupyer mepexon us G; B S-cra-
IUI0 KiIeToyHoro mukia. JI® orpunarensHo Binus-
€T Ha KJIETOYHYI0 IPOoJn()epariuio, BLI3bIBaA U3Me-
HEHHUSI B IKCIIPpECCUU I/I/I/IJII/I AKTHBHOCTH BaXHBIX
PeryIsaTOpHBIX OEMKOB KJIETOYHOTrO IUKIA. AKTHU-
BUPYS CUTHAJIBHBIN IIyTh CHUHTAa3bl KUPHBIX KU-
CIIOT B PAKOBBIX KIETKAX, 0EJIOK BBI3BIBAET HX
amorrro3. Kpome Toro, JI® crumynupyer mpoayx-
ITUIO I/I/I/IJII/I AKTHUBAIIUIO PA3IUYHBIX HMMYHHBIX
KJIETOK, B TOM YHCJIe JTUM(OIUTOB U HOPMATbHBIX
KJIETOK-KHUJIJIEPOB, a TaKHe yBeJIn4YuBaeT 4YyBCTBU-
TEJIBbHOCTH KJIETOK-MUIIEHEH K JIHU3UCY KIeTKAMU-
kmiepavu [19, 45].

4.9. @axmop pocma

CoBpeMeHHbBIE MCCIENOBAHMS TOKa3aau, 4To JIP
MOJKET CIIOCOOCTBOBATH KJIETOYHOMY pocry. Tax,
JI® moBbImaer mposudepaIuo SHI0TETHATBHBIX
KJIETOK KPBIC, YTO IT03BOJISIET IPEAIIOI0KUTE BIIHSI-
aue JI® HA pasBUTHE KHUIITEYHHUKA HOBOPOKIEH-
HBIX.

Kpome Toro, usyueno BnusiHue Oelka Ha aHa-
00/1M3M KOCTHOM TKaHu. JID yBemmumsaeT umcio
0cTeo01acToB, CHOCOOHBIX CHHTE3MPOBATH KOCT-
HYI0O TKaHb, IIOCPEICTBOM CTHMYJIALMHN IIpoude-
paruu, nudepeHnranuy 1 IPenaTCTBY I KIeToq-
Hoit rubesu. [Ipuuem, meiicrBue JI® mpesbimaer
TAKOBOE VI JPYIMX yCTAHOBJIEHHBIX aHAOOIHYe-
CKuX (PaKTOPOB, BEIIOYAA TPAHCHOPMUPYIOIIMI
daxrop pocra-f, amunue u uHCYJIuH. JID Takxke
MIOBBIIIAET CIIOCOOHOCTH 0CTE00IACTOB CHHTE3UPO-
BaTh M MHUHEPAIM30BAThb KOCTHBIA Marpukc. [lo-
BUAMMOMY, BiausHue JIP Ha KOCTHBIN aHab0aIn3M
obecreunBaeTrcs 6arogaps HAIWUYWIO B ocTeobia-
crax perterropa JID.

JI® mpemarcTByeT KOCTHOM pecopOIlwu, CHU-
JKasg YHUCIO OCTEOKJIACTOB, 00PA30BAHHBIX M3 Kile-
TOK-IIPE/IIIECTBEHHUKOB. JKCIEPHUMEHTHI i1 UIUO
mokasanu, 94To BBefenue JIP crmocoberByer dop-
MUPOBAHUIO KOCTHOM TKaHU [46].

4.10. PepmenmamusHvle AKMUBHOCMU
aaxkmogeppura

JI® mpeaIonoKUTEeIFHO OTHOCUTCA K KIIACCY CEPH-
HOBBIX IIPOTEa3, MOCKOJbKY HMX HHTHOUTOPHI OKa-
3BIBAIOT HeoOpaTuMoe HHTHOUPYIOIee AeiCTBHE
Ha akTUBHOCTH Oenka. B monekymne JI® 6pu10 Hail-
neHo Tpu ocrarka cepuna (Ser 12, Ser 183 u Ser
284), KOoTOpBIE HAXOAATCA B JEIIPOTOHUPOBAHHOM
COCTOSIHUH U SIBJISIOTCS CHIbHBIME HYKJIe0(huaIaMu
B HeHTpanbHOHU cpene. s ycraHOBIEHHS TOTO,
KaKOH M3 yKa3aHHBIX OCTATKOB BXOAWT B aKTHB-
HBIA 1eHTp, TpelyeTcd nanbHEHIlee H3yUeHHE.
Ilokasano, uro xopoBuii JI® aBToIM3yeTCA IpH
HarpeBanuu B cpezie ¢ pH 6,8, a Taxxe obimagaer
THAPOJUTHIECKON AaKTHBHOCTHI0 B OTHOIIEHUH
cunTeTnyeckux cyberparos nmpu pH 7,5 u 25°C
[47]. OxHako KaTaIuTUIECKAs KOHCTAHTA KATau-
3upyeMoro KopoBbuM JIP rumponmsza cuHTETHUE-
CKUX CyOCTPATOB ZOCTATOYHO HU3KA JJIA TOTO, YTO-
ObI 5Ta AKTUBHOCTb UMeJa GHOJIOTHIecKoe 3Hade-
Hue [47].

Kpowme Toro, JI® npucymu apyrue depmenTa-
TuBHble akTuBHOCTH, Bkiouas: J[HK-aznyio,
PHEK-asnuyto, docharasuyo, ATP-asuyo u amu-
Ja3Hy0. OTO BHOCUT [IOIOJIHUTEIbHBIH BKJIAL B
BeinonHenue JI® samutHbix pynrmuit. Hykmneas-
Hasg aKTUBHOCTH JIP cmocobeTByeT 3aiure opra-
HH3Ma OT BUPYCHBIX U 6aKTepHUaNTbHbIX HH(EKIHH.
Heckonbko KaTamuTWdecKu aKTUBHBIX cyOdpak-
nuii JI® crocoOHBI BRI3BIBATH KIETOUHBIH aIlol-
TO3, COJEUCTBYA MYKO3aJILHOMY UMMyHHTETY [48].

5. AKTUBHBIE IIEIITH ]I BI
JJAKTO®EPPUHA

JID comep:KUT AaMHUHOKUCIOTHBIE KIACTEPhI WU
KOHCEHCYCHbIE TI0CJIe0BATEeIbHOCTH, [JI KOTO-
PBIX BBIABJIEHBI CBA3bIBAIOIAI CHOCO6HOCTB nJIn
ouonorudeckoe gercraue (Tabma. 2). AMUHOKHCIIOT-
HbIe MYTallUl HJJIH [JeJIeIIuH B 9THUX KJjacTrepax
MIPUBOAAT K moTepu akTuBHOCTH JIP. Tax myra-
1uu 110 Asp60/39, Tyr92436  Argl21/466 mapymmaior cBs-
3pIBAHUE JKenesa, Myranuu mo Lys™ u Ser?” mpu-
BOJIAIT K TIOTEPE IIPOTEAa3HOH aKTUBHOCTH; JIe/ICIIUN
0CcTaTkoB 1 — 4 IPenATCTBYIOT CBA3BIBAHUIO C IIPO-
Teornukanamu [11].

6. PELIEIITOPBLI IAKTO®EPPUHA
Y MJIEROIIMTAIOIIUX

[dannpie o penenropax JI®, malineHHBIX Ha pas-
JWYHBIX KIETKAX MJIEKOIIUTAIOIINX, COOpaHbI U
MIpoaHAIN3UPOBAHbI B 0630pax [23, 49, 50] (Tabi. 3).

IToxasano, uro amo-JI®, xeresoHeHACHIIIEH-
oIl JI® u x070-JID cr10cOOHBI CBAZBIBATHCS C pe-
IIEIITOPOM TOHKOTO KuineyHuka. OqHaKO MpenMy-
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II[ECTBEHHO C PEIeNTOPOM B3aMMOIEHUCTBYET XO-
10-JI®. PertenTop demnoBeka 6osee creruduieH K
JID gemoBeka, ueM K KopoBbeMy JIP. IT0 mo3BOII-
eT y4EeHBIM IPEeAIIOI0KUTb, YTO B3aUMOJEHCTBIE
0enKa C perenTopoM OIpeeasaeTcsa B 3HAUYUTEb-
HOH CTeleHu CTPYKTypoi JIP, a He TOIBKO ero mo-
noxuTeababiM 3apagom [23]. Onrumanbabiii pH
cBa3biBanusa JIP dYegoBeKa ¢  perenTopoM
6,5 — 7,5, uTo cooTBeTcTBYyeT 3HauYeHu0 pH ToHKO-
ro kuieuynuka miaanesnes, Ky ~ 1 mxM. Iloaroe
nmernukosunuposanue JI® me BiauseT Ha ero cBsd-
3bIBAHME C PEIerITOPOM TOHKOTO KUITeYHUKA YeJI0-
Beka [23]. YcraHOBIEHO, UTO MOJIEKyJIa perenTopa
TOHKOTO KHIIIEYHUKA YeIOBeKa UMeeT MOJIEKYJIsp-
Hyto maccy 114 xlla u cocTouT U3 CyObeauHUI] MO-
nexynapHou maccou 38 klla [51].
IIpepmonaraemoit yHKIMEH I1akTOdEPPUHO-
BOTO PEIeNTOpa TOHKOTO KHIIEYHHKA YeIOBEKAa
ABIAETCA  COIEUCTBHE BCACBIBAHHUIO JKeIe3a
(puc. 8). HKemes3o 06BIYHO TPAHCIIOPTHUPYETCH Ue-
pes anMKajIbHy0 MeMOpaHy TOHKOTO KUIIEYHHKA
nocpencreom DMT-1. HKeneso, csasaunoe c¢ JID,

He MOJKeT IpoiTH B KieTKy yepe3 DMT-1, nis aro-
ro ciay;xkut peuentop JI®. B sHTeporure xeneso
samnacaercs peppururom. Perenrrop JIP me mosker
3axXBaThIBATh cBA3aHHOE ¢ JID xeneso ¢ basomaTe-
panbHOU cTopous!. Ilonas B kneTky, JI® cBaswiBa-
ercs ¢ AAPOM, TJie, ITO-BUAUMOMY, IEeHUCTBYeT B Ka-
YeCcTBe TPAHCKPUIIIMOHHOTO (DaKTopa ¥ aKTUBUPY-
er OMOCHHTE3 HEKOTOPBIX CHTHAJIbHBIX OEJIKOB,
TaKUX KaK Kacruasa-1 1 MHTepJeHKnH-18, KoTophIie
3aTeM MOCTYHAT B IUPKYIAIHNIO KAK CHCTEeMHbIH
CHUTHAJI. OHI/IcaHHbel IIyThb ABJSI€TCI MHUHOPHBIM,
rparcnoptupyia ~10 % JI®. OcuoBHO! 1myTH, 1O
Koropomy JI® mpoxoauT B smuUTENHATBHBIE KIET-
Ku, mpuBomur K gerpamamuu ~90 % Oenka wu
BBICBOOOKIeHUIO xKeesa. OmHako TouHO 6MOI0TH-
yecKas pOJIb PeIeNTOpP-OMOCPEeTOBAaHHOI0 Mexa-
Hu3Ma He ycraHoBjeHa. Perenrtopsr JI®, anaso-
THYHBIE PEIEeNTOPY TOHKOTO KHIIIEYHHUKA, YIATI0Ch
HAUTH B CIAIOHHBIX Kelle3ax, CepAare, CKeIeTHBIX
MBIIIIAX, HAAIIOUYEYHUKAX, HOIKeIyJ0UHOU Kee-
3e [23].

JBa gpyrux Tuna perenTopoB HaHJeHEI B Iie-
YEHH: PEIeNTOPHBIN GEIOK JIUIIOIPOTENHOB HH3-

Tabauya 2. Jlokanusamusa u peamnoaraeMble (PyHKITMH AMAHOKHUCIOTHBIX Ki1acTepoB JIP uenosera [11]

Jlokanusamus MoIUIeITHIHOTO
3eHa B JID yenosexa

Haspsaume mocienoBarebHOCTH

IIpennonaraemsie pyHKIHH Hdpyrue JI®

N-konerr: Asp®, Tyr92, Tyr192
His?3, Arg!2?! C-rkomerr: Asp3%,
Tyr436’ Tyr509’ HiS578, Arg466

Kemeso-cBsaspIBarOIMiA cauT

Coxpansercsa
BO Becex JID, TD

CasasbIBaHUE Kejaes3a

Asn'38 Asn*7 Agn®3 Caiitbr N-rviko3uiaupoBanus — BeiakoBas cTabUIbHOCTD, Bri6opouto
aHTUTEHHBIE CBOHCTBA
6 — 309: Lys™ u Ser2 ITentunasa S60 AXTHBHOCTD CEPUHOBOH JI® xKopoBBI
[poTeasbl, AHTUMHKPOOHOE
IercTBHe
1-5 — Harmenusauwue Ha aapo —
442 — 457 — Harenusauwue Ha aapo —
8-25 CaiiT rIIMKO3UIHPOBAHUS AnrubaxrepuanabHoe —
nercTBHe
17 -42 JlaxTrodeppuriun AnTnMukpo6HOe u ipotuBo-  JIP KOpoBBI
OILyXOJIEBOE JIEUCTBUE
152 - 182 Kamuorun-1 AuTuMuKpo6GHOE feficTBre JID KopoBBL
319 — 324, 524 — 528, JlakTodepporcun AKTHBHOCTH OITHOUIHOTO —
561 — 667 QHTAroHUCTA
268 — 284 JlakTodeppamnun AnTnMuKpOOGHOE JeficTBre Haiinen Tonpko
B JI® KopoBHI
1-6u28-31 CaiiT cBA3bIBAHUSA Knerounoe pacnosnaBanue,  JI® KopoBBI
nporeoraukanos, JITIC MOIYJIAIUASA ©UMMYHHOTO
u pacrBopumoro CD14 oTBeTa
19 -29 JId 11 JITIC-cBaspIBaOAI cCAUT JID KopoBbBI
25-30 CaiiT cBsI3bIBAHUS Knerounoe pacnosnasanue,  JI® KOpOBBI
C perenTopoM JTuMQOIUTOB 3axXBaT ¥ UHTEPHAIU3AIUS
u LRP JID, mvMyHHAA AaKTUBHOCTD
1-31 JHK-cBaspiBaronuii caut Tpanckpunimonasiii paxkrop JIP KopoBsI
679 — 695 Homen nmpokacnassr 3 CruMy AU amomnTo3HOTo —
Kackana
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Kacnaza 1

SEus

Puc. 8. Tlpenmonaraemas dyurmusa pererrropa SI-LfR srmu-
TEJINAJIGHOM KIIETKH TOHKOTO KHIIIEYHHKA YeloBeka [23].

roit wmorHoctr (LRP) m acmanormukomporenHo-
BeIit pertenitop (ASGPR). Hamwune penenropos B
TeYeHu MPUBOIUT K GbicTpoMy yaanenuio JIP us
UUPKYJIAIUA TPH BHYTPUBEHHOM BBeIEeHUU
(>90 % mo3b! BEIBOAUIOCH 3a 10 MHH, 110 IPYTHM
mauHbIM 92,8 £ 9,56 % 3a 5 wmwmu) [52,53]. LRP
mpencTaBasaeT cob60i MeMOpPaHHBIN TIMKOIIPOTEHH,
KOTOPBIH B OOIBIIHAX KOTHIECTBAX SKCIIPECCUPYET-
csl TemaToIuTaMu, HeHpOHAMH, TIJIaJKO-MbIIIed-
HBIMH KiIeTkaMu u Qubpobaacramu. OH COCTOUT
¥3 BHEKJIETOUHOH Tskenoi menu (515 xlla) u mer-
roii nienu (85 k/la), pacmonmosxkeHHoi B MeMbpane.
Amnabonuueckoe neiicreue, koropoe JIP oxaspiBa-
eT Ha KOCTHYIO TKaHb orrocpenoBano LRP
Mexanusm caseiBauud JI® ¢ ASGPR mo cux
mop He udy4eH. [lokazaHo, 4To x0510- 1 amo-popMbl

JI® caseiBarorca ¢ ASGPR B oguHaxoBoi crerme-
uu. Ontumansasiii pH cBaseiBanua 7 — 8. Ilo-Bu-
IUMOMY, Ha pPACIO3HABAHWE PEIEIITOPOM BIIHSIET
TIAKO3UAHAS YacTh JID, TOCKOABKY [/ CBI3bIBA-
aud JI® HeobxomuMO, YTOOBI YIIIEBO-PaACIIO3HAIO-
U JOMEH pelenTopa ObLI B aKTUBHOW KOH( OP-
Mauuu [54].

IIpu 6omesnu Ilapkurcona HEHPOHBI AKKYMY-
JUpyOT 6osbiue KounenTpamnuu JIP. Brickazamo
MpeaIoIokeHre o0 ToM, 4To JIP mpoxogur uepes
reMaTosHIlepaTuIecKuii 6apbep  IOCPEICTBOM
PACIIOIOMkEeHHOT0 B MO3Te perientopa. EcTs ocHo-
BaHHUA IIpearoaaraTtb, 4To HafIJIeHHI:IM B MoO3re pe-
menropom asisercs LRP [23].

7. IPARTUYECKOE IITPUMEHEHHUE
JJAKTO®PEPPUHA

Paspaboransl pasaudHbie METOABI BbImeneHus J1P
3 KOPOBBETO MOJIOKA M CHIBOPOTKH, MOIyIaeMOu
IIPY IPOU3BOCTBE chipa. IIpu BhizeneHnn KOPOBh-
ero JI® 00BIYHO HCIOIB3YIOT HOHOOOMEHHYIO XPO-
MaTorpaduio, moxyyas 6eI0K CO CTeIeHbI0 OYHCT-
ku ~95 %. B 1985 rony 6enbruiickoii KOMIIaHHEH
Oneoduna (Oleofina Company) HaYaTO MPOMBIIII-
JleHHOe moiydeHue KopoBbero JI®. B 1989 roxy
MILEI GmbH B I'epmanmu ocHOBaHO TPOU3BOICT-
B0 JID 13 CHIBOPOTKH, ITOIyIaeMOH IIPH IIPOU3BOI-
CTBe ChIpa M MOJIOKA II0 TeXHOJIOTHUH, paspaborau-
ot Morinaga Milk Industry Co., Ltd 8 1986 roxy.

B nacroaiee Bpema koposuii JIP npousBogar
muorue kommanuu, Braouas MILEI B 'epmanumn,
DMV International 8 Hugepnaugax, DOMO Food
Ingredients B Beabrum, Tatua Nutritionals u
Fonterra Hosoii 3enanmumn, MG Nutritionals B

Tabruya 3. XapakrepucTurn perenTopos JIP mieromuraromux [23]

Txans Jurann Monexynapuaa K, HasBanue IIpepnonaraemas
Mmacca, klla perterrropa dyuKIMI

Toukuii kumeynnx  JID gemoseka 114 (cyovemuuwmma 38) ~1 MM HWuarenextnn BceacwiBanwue ikemesa

Tonkuii kumeyHur  JI® Mprmm ~130 (cyovenunuria 34) 3,5 MM HWarenextun To ke

Ileuenn JI® uenosera 600 — LRP Bocnanmenune

Ileuensn JI® kopoBbr 45 — ASGPR Bocnianenne

Mownomnur (THP-1, JI® uenosera 50, 60, 80 — — Bocnanurenbubiit oTBeT

JIMHUS KJIETOK C

TIPUBUTOM JIEUKEMHUEH)

Mownomur JID yenoserka 55 l6uM CD14 Bocniamurensubrit orBer

Jlumdorur JI® yemosexa 100, 110 — — CospeBanue 1uMpOIUTOB

TpomboruT JI® genosexka 105 ~6mM — ITopasnenwne arperarum
TPOMOOITUTOB

Dubpobract JI® xoposer 600 — LRP Coxpatenue
KOJLIIar€HOBOTO TeJIs

Kocruas tranb JI® xoposer 600 — LRP Murorenes ocreobiacToB

Mosr JI® yemoserka 600 — LRP Tpaucnopr JI®
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Agcrpamuu u Armor Proteins Bo @panruu. O6b-
eM npousBozcTBa JI® 1m0 BceMy MUpY cocTaBigeT
6osiee 60 TOHH B TrOji, C YMCTOTOU IPOAYKTA Oosiee
90 % [55].

IIpakTrueckoe nmpumenenue JI® Hauyamoch B
1986 r. ¢ mpoms3BoACTBA AMOHCKOM KOMIIAHHEH
Morinaga Milk Industry merckoro muranus —
«BF-L dry milk», o6oramennoro koposbum J1D.
Ilobasnenue JI® B merckoe muraHume croco6CTBO-
BAJIO YJIy4IIEHHWI0 MUKPOQIOPHI KHITEYHUKA (CTH-
MyJHPOBAJIO POCT MOJOYHOKHUCIBIX OaKTepuil
Bifidobacterium wu Lactobacillus), TOBBIIIEHHIO
YPOBHS CHIBOPOTOUYHOTO (DEPPUTHHA U T€MATOKPH-
Ta, CHI:KEHHUI0 KOJIMYecTBa 3a00JeBaHWHU IbIXa-
TenbHBIX myTei. Kpome Toro, JI® npemsarcrBoBai
OKMCJICHHIO JIUIIAIO0B B JeTCKOM nutauuu [43]. Au-
THOKCHAAHTHOe JeiicTBre JIP 06bICcHANN ero cro-
COOHOCTBIO CBA3BIBATH JKEJIE30, & TAKKe MeIb, KO-
TOpasi COEePIKAIACH BO BCEX TUIIAX JETCKOIO IIHTA-
Husd. B Hacrosmiee BpeMs [eTCKOe ITUTAHWeE,
oboramennoe koposbuM JID, mpomaerca B fAmo-
unu, I0xuoit Kopee u Unnonesun. B mocinemmee
BpeMsd IepevyeHb MPOAYKTOB, cojepsxaiiux JIP xo-
POBBI, 3HAYUTEIBHO paciupuics (Tadim. 4).

Horypr u mumessie go6asku ¢ JIO amoHckoi
xommanuu Morinaga croco6CTBYIOT yCTPaHEHHIO
CHMIITOMOB  pOTaBUpPyCHOU wuHQeKuu [59].
JID-comep:kalue mHINeBble MPOAYKTHI paspaba-
TBIBAIOTCSA TaK:Ke B ABcTpanuu Komnanuei Tatura
Milk. IToMuMO MOJTOYHBIX TPOIYKTOB U IUIIEBHIX
M00AaBOK OHHM BEJIOYANOT CIIEIUATbHbIE KOMIIO3H-
OMM I cHopTcMeHoB. IlpowsBomurcs Takixke
JID-comepxamuii Kedup, CIOCOOCTBYIOIIUH CTHU-
MYJISIIIAXA POCTa KOCTHON TKAHM.

B P® OAO «Kocmernueckoe o0beIuHEHHE
«CBo6OmAa» IIPOU3BOIUT OMOJAKUBAIOIIAA KpeM,
MOJIOYKO [JIT Teja, KPeM JId PYK, MHTATEIbHYIO
KpeM-Macky, cogepskarue JIP [60].

Tabauya 4. JIP-comep:xalias TpoLyKIud

C 1997 r. 3AO «Bexkrop-Becr» Bhimyckaer Ha-
O0PBI 711 KMMYHO(EePMEHTHOTO orpeneneHus JIP
— «Jlakrodeppun-crpumn». Onpenenenune JIP® B
KOMILJIEKCE C IPYTUMU OelKaMu 0CTpoii ¢asbl CiIy-
JKUT KpUTepueM d(P(EeKTUBHOCTHA IIPOTHBOBOCIIA-
autenbHOM Tepamuu. OmpeneneHvie KOHIEHTPA-
Uy Oejlka MOKET TaKKe HCIIOJIb30BAThCI I
OUArHOCTUKA W MOHHUTOPHHTA OILyXOJIEBBIX IIPO-
eccoB, bepeMeHHOCTH, 3a00IeBaHui modyex [61].

Cnenyer 3amMeTHTb, 4TO copepsxanue JIP u cre-
[IeHb HACKIIIEHUs €Tr0 JKee30M B KOPOBbEM U JKEH-
CKOM MOJIOKe CHJIbHO pasnuuarTrci. Kopoebe Mo-
moko0 comep:xut ~0,1 mr/mn JI®, crenens HackIe-
HUSI KOTOPOrO Kejme3oM cocraBiageT 22 %, a
JKEHCKOE MOJIOKO cofep:kuT ~ 1,4 mr/mi JI®, Hacor-
mieHHoro sxemnesoM Ha 4 % [43]. IlosTomy uccieny-
0T PA3JIUYHbIE CHCTEMBI DKCIPECCHH PEKOMOH-
HauTHOro JI® yenoseka. B kauecTBe Takux cucreM
HCIIONB3YIOT Aposkku (Saccharomyces cerevisiae),
rpubsl (Aspergillus awamory), Hacekombix (Bom-
byx mori) u pacrenus (tabak, puc, Kaprodenb, Ky-
kypysa) [13]. Kpome Toro, pexoMOMHAHTHBIA Ge-
JIOK BBIJEJAIOT W3 MOJIOKA TPAHCTE€HHBIX JKHBOT-
HBIX (MBIIIEH, KPOJUKOB, K03, KOPoB) [62 — 65].

B CIIA perombunanTusiii JI® gemosera pas-
pellleH K IPUMEHEHUI0 U BBIIIyCKAETCSI B KA4eCTBe
muIeBoi qobaeku Kommauuei Bio Pharming [66]
OHAaKo MIUPOKOrO WCIIOAb30BAHUS B KOMMepYe-
CKMX IIPOAYKTax pexoMOmHaHTHBIA JIP yemoBera
MIOKA He MOJIYYHI. ITO 00YCIOBICHO TEM, UTO IIOKY-
maTeju He OH00pPSIOT reHeTHYeCKH MOIUQHUIIHPO-
BaHHbIE IPOAYKTHI. [lepCleKTUBHO IIpUMEHEHHE
pexoMbuHAHTHOTO 6enaka B (hapMaleBTHIECKOH
IIPOMBIIIJIEHHOCTH.

Mo10KO ¥ MOJIOUHBIE IIPOAYKTHI IIPEICTABIA-
10T co60¥ yIOOHBIN U [elIeBbli HCTOYHUE JIP, of-
HAaKO MHOTHE JIIOIHU CTPAJAI0T HeIIePEeHOCHMOCTHIO
JIAKTO3bI, WK He YIOTPEOIAI0T UX B BULY BHICOKON
JKUPHOCTH ¥ KamopuitHocTu. [TosTomy paspaboTka

O6acTh MpUMEHEHHUsT IIpoxyxrT O:xupaemsbrit addert Ccpuika

ITumessre nponykrer  Jlerckoe muranue IIpenoreparenne passurusa undernuii, 43, 56, 57
TTumesbie 106aBKY yIIy4IlleHHe MUKPO(IOPHI pTa U JKeLy- 56, 54
. JOYHO-KUIIEIHOTO TPAKTa, UMMYHOMO-
Horypr 57, 54

IyJIUpyIoIee, IPOTHBOBOCIAIUTEIbHOE

O6oraieHHoe MOJIOKO ¥ QHTHOKCUJAHTHOE JeHCTBUE 11, 56
Hammurox 11, 55
Kopw™m u cpencrsa mo yxony 11, 55, 56
3a IOMAUTHUMH KABOTHBIMHU

Kocmerura JlockoH, Kpem, cpezicTBO T'uruena u yBnaxkueHue KOXH, 57, 60
IUIST YMBIBaHUS aHTHOKCHIAHTHOE JIeHCTBHE

¥xop 3a IMOJIOCThIO pra  3y0OHAs IMacTa, OmoJIaCKUBATelb Turuena u yBnakHeHue poToBOA 11, 57, 58

JJIA IIOJIOCTH pTa, rejib OJId
IIOJIOCTHU PTa, KeBaTeJbHada
pe3nHKa

TI0JIOCTH, TIOBBIIIIEHNE U BOCCTAHOBJIEHUE
AHTUMHUKPOOHOTO JEHCTBUS CIAIOHBI
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Jlaxmodgpeppur (0630p)

JIEKAPCTBEHHBIX IIpermapaToB W HOBBIX ITHIIEBBIX
m06aBoK Ha ocHOBe JIP ocraercd akTyaJIbHOM 3a-
Taden.

Hzyuenuve Ha JKUBOTHBIX MIOKA3AJI0, UTO AIl0- K
x0J10-popMbI peKoMOmHAHTHOTO JIP yemoBeka mpu
IepopaIbHOM IIpreMe 6e30TACHBI JaKe B BBICOKHX
ronrerTpanuax (1800 mr/kr/nens u 1000 mr/kr/neHb
COOTBeTCTBeHHO) U MOTYT HUCIIOJIb30BaThCA B Kade-
CTBe JIEKAPCTBEHHBIX BellecTB [67, 68].

Opnnako B HacTosdlee BpeMsd 3a Py0OeroM HeT
3apEeruCTPUPOBAHHBIX JIEKAPCTBEHHBIX IIperapa-
ToB Ha ocHOBe JID. Bce ommcanuble mpemaparsl
HaXOAATCA B CTAAWM Pa3pabOTKH U JAOKIHHUYE-
ckux ucnbirauuii. [Ilupoko nmpoBoauMBIE HCCIEO-
BaHWS TOKA3aIH OOJIBIION TEepPANeBTHUYECKHUH IIO-
TeHITuaI KoOpoBbero JI®: moamep:xanmne romeocra-
3a JKeimesa, JedeHume MaokpoBusa [69, 70] u
nadernun Helicobacter pylori [71], mpensarcreue
Pa3BUTHIO W METACTA3UPOBAHUIO OIyxojeu [72,
73, 74], auTnokcumanTHoe peicraue [44]. JI® cmo-
cob6erByer cumxenuto turpa PHK Bupyca remaru-
Ta C B KPOBU HAIIUEHTOB ¥ MOKET MCIIOIb30BATHCS
B KOMILUIEKCHOM Tepaluy XPOHUYECKOTO TeIaTH-
ta C [75].

B P® g MHUOMU uwm. I1. A. T'epriena Ha ocHOBe
JI® xencroro Mosoka paspaboTaH mpemapar AJs
JIedeHUA MECTHBIX OCJIO?KHeHI/Iﬁ KOHCEepBaTUBHOTO
[IPOTHBOOILYX0JIEBOTO JIEYeHUS B OpOhapruHreab-
HOM 30He [76] u neKapcTBeHHBIN Ipenapar «Jla-
mpot» [77], obnamanui 1eTOKCUIIUPYOIINM, aH-
TI/IGaKTepI/IaJH:HbIM, IIPOTUBOBOCIIAJIUTEJIBHBIM K
MMMYHOMOZyJIHUpyIoImuM nericrsueM. IIpemapar
«JlampoT» mpolesn KINHUYEeCKUe UCIIbITaHus [78].
IIpemapar MOJHOCTHIO COBMECTHM C OPTaHHU3MOM
YeJIOBEKa, 9YTO II03BOJAET IIPUMEHATDH ero I1pu pas-
JIMYHBIX 3a00JI€BAHUAX, B TOM YHCIIE, ¥ OOIBHBIX,
HamboJIee CIOKHBIX C TOYKH 3PeHUs moadopa je-
KapCTBEHHbBIX IIPenapaToB: B aKyIlepcTse, y bepe-
MEHHBIX, POIUIbHUIL, KOPMAILIUX MaTepel U y JTUI]
mo:kuaoro Bospacra. [lo pesympraram KiwmHUYe-
ckoro mpuMeHenus Ha 6Gomee yem 3000 Thicauax
MMaIMeHToB «JlampoT» PeKOMeHIOBaH I MPodu-
JIJAKTUKW BO3SHHUKHOBEHUS 3JIOKQYECTBEHHBIX OILy-
X0JIeH; IPO(PUIAKTHKY U/UIH JI€IEHUT TOKCHKO30B
PasIMYHOM STHOIOTHUH; UH(EKIINH U BOCITATEHUH
B MOJIBIX OpPraHaX, OpraHax KeJyIOYHO-KHUIIIeYHO-
T'O TpakKTa, a TaKKe KO¥KHU U CIU3UCTBIX; NJII OYU-
1IeHud paH, THOMHBIX IIOJIOCTEN M YCKOPEeHud rpa-
HyJIAINUY; TPOPUIAKTAKN W/UIN JI€IeHUS PUHU-
TOB ¥ KOHBIOHKTUBUTOB PA3JTUYHON 3THOIOTHH [ 79].

Ha ocuoBe «Jlampora» cosgas KOMILIEKC Jie-
KapCTBEHHBIX CPEZICTB: PACTBOPHI A1 BHYTPUBEH-
Horo (koumenTparus JI® 0,01 — 0,025 %), BHyTpH-
mosocraoro (0,05 -0,3 %), wuHTpaHA3AIBLHOTO
(0,075 - 0,3 %), nepopaabuoro (0,01 — 0,4 %) BBe-
IeHHuA U 00pabOTKHM paHEBBIX IIOBEPXHOCTEH
(0,1-0,3%); rnasusre xamau (0,075 -0,3 %);

ma3sb (0,2 — 1,0 %); cynmosuTopuu A1 PeKTATbHO-
To %8 HHTPpaBaruHaJIbHOTI'O IIPUMEHEeHUI
(0,2 -1,0 %); 6omocer (0,2-1,0%) u Tabmerku
(1-5%) [79].

Ycroituupocth JIP K mIpoTeonnsy B KeIyIKe U
abcopbIKsi B KUIIEYHUKE MOKET ObITH ITOBBIIIEHA
[P 3aKJII0YEHHH €ro B KHIIEYHO-PACTBOPUMYIO
o6omoury [80]. O6omoUKa U3 KHCIOTO-yCTONYHUBO-
ro Marepuaja, JIeTKO PACTBOPUMOIO IIPH HeH-
TpaslbHBIX 3HaYeHunX pH, moiskHa obecrednTs 3a-
muty JI® oT Jmerpamanuu B KeIyAKe H, CIea0Ba-
TENbHO, S(PQEKTUBHYI0 [OCTABKYy HWHTAKTHON
0eJIKOBOM MOJIEKYJIbI K PEIEeNTOpy B KHUIIEYHUKE.
HeiicrBue Tabmerox c¢ JIP, MOKPBITHIX KHUIIEd-
HO-PACTBOPUMOM O0OJIOYKOM, H3ydaioch B XOIe
IIpeaBapUuTeIbHbIX KINHUYECKUX HUCHOBITAHUH
[24]. TabmeTrku comep:xanu 50 — 100 Mr KOPOBBETO
JI® u Morim XpaHUTHCA IPHU KOMHATHOM TeMIiepa-
Type 6osee 2 ser.

Uepes 4 g nocie npumenenus 900 mr 6enka B
TabreTxax, KopoBuil JIP 6611 06HAPYKEH B KPOBU
namuenTa. Mcmnonb3oBanue Tabietok ¢ JI® cmo-
COOCTBOBAJIO CHUIKEHWIO CONEP:KAHWSI TPUTJIHILE-
PHIOB ¥ XOJECTEPHUHA B KPOBH, YCKOPEHHUIO OCHOB-
HOTO MeTabojmM3Ma, CHHKEHHI0 Macchl Tena (Ha
3 —4 xr 3a 1 — 2 mecsana npu npueme 3 — 9 rabie-
TOK ¢ JI® B meHn). ABTOp CIpaBemIiuBo MOJIaraer,
4TO MexXaHus3M jAercTBus JIP Ha MeTaboamsM JIu-
nuaoB TpebyeT gaTbHEeHIINX uccaenoBanuil [24].

Co3maHui0 NTHIOCOMAIBHBIX IpemnaparoB JID
MOCBSAIIEH PAJ HCCIe0BaTelbCKux pador. Paspa-
00TAHBI ITOJNIOKUTENBHO 3apPSKEHHbIE W OTPHUIIA-
TeJIbHO 3apsyKeHHbIe JUII0COMBI, cofepskaiue J1P
yenoeka [81]. OrpunarensHo sapsskennbie pH-
YYBCTBUTEJIbHBIE JIUIIOCOMBI JIyYIlIe CHOC06CTBOBa'
au 3axsary JI® ¢ubpobiacramu, UyeM IIOIOKU-
TenbHO 3apskeHHble. OMHAKO MTONOKHUTENBHO 3a-
psKeHHbIE JIMIIOCOMBI ObLIHM 60jiee CTabUIbHBI B
CUHOBHUAJIBHOH KUAKOCTH YEJI0BEKA U CII0COOCTBO-
Banu yaep:xuBanuio JI® B mecte unnekuu. Ilomo-
JKUTEIBHO 3apsKeHHBIe JIMITOCOMBI OBLIH BhIOpA-
HBbl B KayecTBe BO3MOKHOIO TEPAIleBTUYECKOIrO
CpeficTBA IS JIEYEHUsI ApTPUTOB U JPYTHX BOCIA-
JIUTETbHBIX 3200 I€BAHUH.

IIpu nepopansEOoM BBeneHuu JID-comepixa-
I[¥e JIUIIOCOMBI OKa3aJINCh d(P(PEKTUBHBI JJId IIPO-
(bunakTuKM U Jedenus 3a6oaeBaHUi KOCTEH, CBs-
3aHHBIX C ITOBBIIIIEHHBIM POCTOM OCTEOKJIAcTOB [82].

HOJIy‘-IeHI)I 1 oXapaKTepu30BaHBbI JHUIIOCOMBI
u3 ochaTUIHIX0INHA U (PUTOCTEPUHA, COIepIKa-
mue JI® xoposwl [83]. dderkTUBHOCTEL BEIIOUE-
aud JI® B munocomsl cocraBuna 42 %. B 3aBucu-
MOCTH OT METO/a IIOJIyJYEHUs CPEeIHUM pasMep JIu-
mocoM cocraBaan 70mM wmam 580 M. Ilpwm
[IepopaIbHOM BBEIEHHWH JUIIOCOMAJILHBIN IIpera-
par 6bu1 Oosee 3peKTHBEH I IIOIaBJIEHU
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CCl,-uHaynupoBaHHON II€YEHOUYHOH HEZOCTATOY-
HOCTH y KpbIC, ueM HAaTHBHBIN JID. JIumocomamns-
HBI Ipenapar 60JIbllle IOAaBIISA SKCIIPECCHIO JIU-
nonoaucaxapua-uaaynuposanuoro TNF-o u3 mo-
HOSIZIEPHBIX JIEHKOLIUTOB IEPU(PEPUIECKON KPOBH
mbimei. OTHAKO MEXaHU3M [eHCTBUS JIUIIOCOM OC-
TajcA HeBbIICHEeHHBIM. Brirouenue JIP B smumoco-
MBI He BJIUAJIO Ha BCachIBaHME OeJIKa U3 KUIIIEUHM-
Ka B KpoBb u jauMmdy. M3sydeHme aHTUTEHHBIX
CBOMCTB Ha MOPCKMX CBHHKAX IIOKA3aJI0, YTO JIUIIO-
comanbHBIN mperapar JIP obmagan aHTHTEHHO-
CTHIO, CXOKEH CO CBOOOMHBIM O€JIKOM IIpHU IIepo-
pPaIbHOM IPHUMEHEHWH, M MEHbIIIeH YeM IIPU BHYT-
PUMBIIIIEYHOM  BBEIEHHUHW. ABTOPHI  CUHTAIOT
JIP-comep:xalye JUIOCOMBI ITOJIE3HBIMU IIPH IIPO-
(unakTHKe M JeYeHUH Pa3IUIHbIX BOCIAIUTEb-
HBIX 3a00JI€BAHUM.

HccnemoBanuss Ha 3D0POBBIX [OOPOBOIBIIAX
nokasanu, uro JIP-comepikaliyie JTUIIOCOMBI OKa-
3BIBAIOT MMMYHOMOAYJIHPYIOIee IeHCTBUE, CTHU-
mynupysa srcupeccuio TNF-a. B To :xe Bpems cBo-
6oxubiil JI® He oxaspIBal IOZOOHOTO IEHCTBUA.
Mexauusm neicrsuda aumnocoM ¢ JI® mo xoHia He
BBISICHEH. ABTODBI ITOJIATAIIH, YTO JIUITOCOMAIbHBIN
JI® Moker oKa3pIBATH MPOUIAKTUIECKUH U Te-
paneBTuyeckuii 3p(peKT npu BOCHATHUTEIbHBIX 3a-
6oreBaHUAX, paKe U HH(PEKIHNOHHBIX 3a001€BaHU-
AX, TAKUX Kak xpoHudeckuii renatut C [84].

Jlunocomsl, comepskaiire JI® u JaKTONEpPOK-
cuasy, OKazaauch 3(PQEeKTUBHBI I MPOQHUIaAK-
THKY Kapueca y kpbic [85]. CiemxyeT orMeTuThb, 4T0
cBobomubIie JI®P u makToIepOoKCcHa3a He BhI3hIBA-
JIM 3HAYWUTEIHLHOTO CHUKEHWS YHC/Ia CIIyd4aeB Ka-
pueca.

Omnwucano Briawouenue JIP B XUTO3aHOBBIE MUK-
pouacrunel [86]. IIpu ucronp3oBaHUN H9MYITHCHOH-
HOTO MeTojia JOCTUTHYTA BhICOKAS 3(P(PEeKTUBHOCTH
BKItOUeHus 6enka u xurozana (75 %). Mukpouac-
THIIBI C MaccoBbIM cozaep:kanueMm JIP 20+ 1,2 %
nmenu HeboubiIoN pasmep (4,9 £ 2.4 Mmrm) u cde-
pudeckyo dopMmy. YiabTpasByKoBas o00paboTka
[IPUBOAMIIA K YBEIUIEHUIO pa3zMepa MUKPOIACTHII.
HcnonwszoBanue cynbara HATPUA NpPU IOIy4e-
HUH MUKPOYACTHI] IPUBOJUIO K CHIKEHHIO COZlep-
sanud JIP, yBeIuyeHnIo pasMepoB u morepe cde-
pudeckoi OpMBbI YACTHII.

XUTO3aHOBbIE MHKPOYACTHUIIHI OBLIM IIOJHO-
CTBIO PACTBOPUMEI B Kucioi cpexe. 70 % JID mpo-
JIOHTMPOBAHO BBICBOOOKIAIOCH M3 XHUTO3AHOBBIX
mukpouactuil B redenue 7 9 (pH 6,8, 37°C). Oxgna-
KO B CBA3H ¢ HamuyueM JI®P BOMMBU TOBEPXHOCTU
MHKPOYACTHUI] B HAYAIbHBIA MOMEHT BPEMEHHU BbI-
nemnsimock ~20 % 6enka. MuKpOYaCTHIIBI, ITOJY-
YeHHBIE C HCIOJIb30BAHUEM YJIbTPA3ByKa W/UIU
cynb(ara HATpUd, JEMOHCTPHUPOBAIH Oosiee Me[-
JeHHoe BbIcBOOOKIeHMEe JIP (>24 u). ABTOPHI 110-
JIaraJiv, 9YTO UCIIOJIb30BAHNE XUTO3aHOBBIX MUKPO-

JACTHI] MOKET IIOBBICUTD 3(P(PEeKTUBHOCTH MECTHO-
ro peiicteusa JI® (manpumep, Ipu JeUeHUH KaHIU-
ZI030B TIOJIOCTH PTa). A BKIIOYEHHE MUKPOYACTHUII B
KHUIIIEYHOPACTBOPUMbBIE KAIICYyJIbl — O0ECIIeUunThb
nocraBky JIP x perenTopam Kuiedauka [86].

Bnarogaps HaIu4uIio y 4eloBeKa PEIernTopoB
JI®, MHOroO0eIIAIOIAM ABIAETCS UCIIOJIbL30BAHNE
JI® B KauecTBe HAIlEIUBAKOIIETO COSTUHCHUSI-BEK-
TOpa i HANPABJIEHHOW IOCTABKU JIEKApCTB. B
KayecTBe MUIIIEHHU 0COOBINA MHTEpPEeC MPeiCTaBIIseT
mo3r. MI3BecTHO, uTO KOoHIleHTpanusa JIP B miasme
(5 HM) smauutensHo Hmxe K, perentopos JID B
mosre (0,11 mxM). Ilosromy sumorennsnii JIP He
MeIaeT CBSI3bIBAHUI0 HK30T€HHOTO KOHBIOTHPO-
BauHoro JI® ¢ perenropamu. Kpome toro, Tpase-
mopt JIP uepes remarosHIedanruueckuil 6apbep
IIPOMCXOAUT B OHOM HAIPABJIEHUH (C AIMKATHHOM
B 6asomarepanbHyio cropomny) [87]. Baaromaps
aTuM npenMyIiectBaM JIP MOKeT UCIIOTB30BATHCA
IJIS1 TIPEOI0NIeH s JieKapcTBamMu (IenTugamu, 6e-
KaMu, TeHAMH) TeMaTo3HIledaIndecKoro baprepa
[88].

IIpu BHyTpuUBeHHOM BBeJeHUU JIP-KOHBIOTH-
POBAHHBIX ITOJTHUATHICHTINKOIb-TIOTAIAKTHIHBIX
HAHOYACTHII IPUMePHO B 3 pasa 6oJbllie KyMapH-
Ha-6 ObUIO HAWJAEHO B MO3re MBIIIEH, YeM IIpu
WCIIOJIb30BAHUN HEMOIU(PUITUPOBAHHBIX HAHOYA-
crur [89]. Ilpuuem JIP-KoHBIOTHPOBAaHHBIE HAHO-
YaCTHUI[hl HAKAIUIMBAINCH B CTPHATYME U II€PUBA-
CKYJIIPHOM ITPOCTPAHCTBE TPETHEro JKEeIyMOUYKa,
rme pacmonoxkeHn runotranamyc. Comepskamue Ky-
MapuHa-6 B JI®P-KOHBIOTHPOBAHHBIX HAHOYACTH-
max 6epuio 0,69 %, B Hamouactunax 6e3 JId —
0,71 %.

len-comepikaiue MOIUAMHUAOAMUH JIEHIPH-
Mep-IIOUATUICHTINKONb HAHOYACTHUIIBI, MOJAU(DU-
mupoBaHHble JID, TakiKe MperMyIeCTBEHHO HAKa-
IUINBAJIUCH B MO3T€, B OCHOBHOM B II€HTPAIbHOM
€ro 4acTH, B TO K€ BpeMs HeMOAu(HUI[UPOBAHHbIE
HAHOYACTHUIILI HAaKaAILIHBAIKUCh B rieuenu [90]. Ox-
Haro JIP-momudumpoBaHuble HAHOYACTHUIIHI, a
TaKKe IPOAYKTHI T€HOB, HAXOUIUCh KaK B HEPB-
HOU TKaHH, TAK U B reMaTo3HIe(anrmieckoM 6aps-
epe. JI®-moaudpunupoBaHHble HAHOYACTUIBI MO-
TyT KCIIOJB30BATHCA JJIA JOCTABKU B MO3T T'€HOB,
KoaupyoImux cexperopubie 6emku [90]. Usyuen
dapmakogunamuaeckuii adpdert JIP-moguduiu-
POBaHHBIX HAHOYACTHII, COMEPIKAIIUX T'eH Helpo-
TPOIHOTO (paKTOpa TIIHAIBHBIX KIETOK YeI0BEeKa
(hGDNF), upu MHOTOKPATHOM BHYTPHBEHHOM
BBEJEHUU KpPBICAM C POTEHOH-WHAYIIMPOBAHHOM
xpoHndyeckoi 0Oosesnnio Ilapxuucona [87]. Ilpum
TIOCTOAHHOM BBefieHUH J1P-MoAMPUIIPOBAHHBIX
HAHOYACTUI] IT0C/Ie KaMKI0U Cleyiollel HHbeKITUN
JocTuranach 6ojiee BHICOKOA U IPOJOIKUTEIbHAA
srcrpeccuss hGDNF, koropas 6blna Onu3ka K
YPOBHIO SKCIIPECCHH T'eHA BUPYCHBIMU BEKTOPAMHU.
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Muorokparaoe BBefenue JIP-mogudunmposan-
HBIX HAHOYACTHI] CIIOCOOCTBOBAJIO YIIYUIIIEHUIO CO-
CTOSHUS KPbIC C MHAYIIUPOBAHHOM 6osie3ubio Ilap-
KHMHCOHA.

B JI®-ronblOTHpPOBAHHBIE HAHOYACTHUI[HI U3
comoyimMepa MOJIUMOJIOYHOU U TIOIUTIUKOINEBON
KHCJIOT BRJIIOYATY OITUOUTHBIN aHAIBIeTUK TPAMO-
mon [91]. Tpamamonm BBICBOOOMKTAICS N VILro Ha
30 % B HavanbHBIA MOMeHT BpemeHH, Ha 80 % —
mocTeneHHo B Teuenue 14 nueit. JIP-koHBIOTHPO-
BaHHbIE HAHOYACTHUIIHI JIy4Ille 3aXBATHIBAIUCH U
3HAYUTEIbHO [OJIbIlIEe IPUCYTCTBOBAIU B MO3TE,
yeM HaHoyacTuilbl 6e3 JI® uau pactBopa Tpamo-
Joa.

JI® 6b17T HCIIOIB30BAH B KaUeCTBe HAIEIUBAI0-
II[ero JUTAHAA IJIS JOCTABKU I'€HOB K OPOHXMAID-
HBIM KaeTkaMm uemoBeka [92]. Kombloruposanue
nonudTuiaennmMuaa ¢ JI® B JIP-momusTHICHU-
vun/JIHK nHamouacTuax npuBoguio k¥ 5-KpaTHo-
My YBEIWYEHHIO SKCIIPECCHH TeHa B OPOHXMAID-
HBIX, HO HE B aJbBEOJAPHBIX JIUTEIHATbHBIX
KJIeTKaX 110 CPABHEHUIO C KOHTPOJbHBIMU HEKOHD-
IOTHPOBAHHBIMY HaHOUYACTUIIAMU. T'akum 06pasom,
JID MoKeT UCII0AB30BATHCS 1A CEIEKTUBHOTO Ha-
IeJUBAHUS Ha DIUTENWH AbIXaTeJIbHBIX IIyTeH.
IloBbimenue comep:xanusa JI® B mHamouacTHIlax
MIPUBOIWIO K YBEJIMUYEHHUIO WX PA3MEPOB M CHUKeE-
HuIo 3Kcupeccuu resa. CeaseiBanue ¢ JIP crmocob-
CTBOBAJIO 3HAYUTENHHOMY CHHKEHHUI0 TOKCHYIHO-
CTH TIOJTUATUICHUMUHA.

Onucano ncnonbsosaune JIP in vitro nisa Ha-
[eIMBAHUS CYyIIePMArHUTHBIX HAHOYACTHI] OKCHIA
JKelle3a HaA perenTopbl MeMmOpan ¢ubpobiacTos
vemoBeka [93, 94]. Coenuduueckoe CBsI3bIBAHUE
JI® ¢ KIeTOYHOH ITOBEPXHOCTHIO MO3BOJISIO Me-
TUTDH KJIETKU CYIIepPMarHUTHBIMHA HAHOYACTUIIAMH,
CHUIKASI TIPH 9TOM HeCHerupuIecKuil SHIOIUTO3.
JID-moguduIrpoBanHble CyIIepMarHuTHbIE HAHO-
YaCTHUIIbI OKCH/IA JKejie3a He OKa3bIBAJIU ITUTOTOK-
CHYECKOTO MEeHCTBHUS BIIOTh A0 KOHIIEHTPAIUU
1 mr/mir.

SARJIIOUEHUE

B mociepmme ropl mOABUIOCH 6OJIBIIOE KOIUIECT-
BO IyONWMKAIME, IOCBAIIEHHBIX WCCIEIOBAHNIO
PUBUKO-XUMUIECKUX CBOUCTB M OHOJOTHIECKUX
dyurmun nakrodeppuHa. Y HUKaIbHbIe aHTHOAK-
TepuaabHble, IPOTHBOBUPYCHbIE, (PYHTHIIUIHBIE,
HMMYHOMOJYJIUPYIOIAEe, AHTHUOKCHUIAHTHBIE, e-
TOKCHI[UPYIOIIHE M AHTHKAHI[EPOTEeHHbBIE CBOHCTBA
STOTO IMPHUPOIHOTO KeIe30CBI3hIBAIOIIEr0 TIIHKO-
[IPOTENHA JeJIAI0T MePCIeKTUBHBIM €r0 UCII0Ib30-
BaHWE B JEKAPCTBEHHBIX IIperaparax, a Takke B
MHUIEeBbIX IpoaykTax, BAJlax, cpexcrsax 1mo yxomy
3a TOJIOCTHI0 pTa M KOXKH. PaszpaboTka HOBBIX
CPEICTB TOCTaBKU JAKTOEPPHUHA ABIIETCI aKTy-

aJIbHOH, TaK KaK II03BOJIUT IIOBBICUTH ero 6uomoc-
TYITHOCTb.
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LACTOFERRIN: PHYSICAL AND CHEMICAL PROPERTIES,
BIOLOGICAL FUNCTIONS, DELIVERY SYSTEMS, PHARMACEUTICAL
AND NUTRACEUTICAL PREPARATIONS (Review)

N. V. Borzenkoval, N. G. Balabushevich2, N. I. Larionova!

1 Chemistry department, Lomonosov Moscow State University, 119991, Moscow, Russia, Leninskie gory 1, str. 3
2 nbalab@enzyme.chem.msu.ru

This review summarizes the physico-chemical properties and multiple biological functions of
lactoferrin. We consider the possible fields of lactoferrin application and lactoferrin delivery sys-
tems under development, as well as lactoferrin-based pharmaceutical and nutraceutical prepara-

tions.

Key words: lactoferrin, transferrin, iron-binding glycoprotein, biological function of lactoferrin,

lactoferrin delivery systems.
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