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XapvKo6CKUil HAYUOHANILHBLIL MEOUYUHCKUN YHUGEPCUmMEn!

HAHOYACTULbI CEPEBPA B PAPMAKOTEPAINWUA

IMpoananu3upoBaHbl U 00OOIICHBI JTUTEPATYPHBIE JAaHHbBIC, KACAIONIHECS UCTOPUH MPH-
MEHEHHsI 4acTHUI] cepebpa, U3ydeHbl UX CBOWCTBA, a TAK)KE HAMEYEHBI MEePCHEKTHBBI
NPUMEHEHHs HAHOYACTHI] cepedpa B pasiMyYHbIX OTPACIAX MeIUIUHbL. ONucaH MeXaHU3M
MPOTUBOMHUKPOOHOTO JeHCTBUS dacThil cepebpa. [IpuBeneHbl cBefeHUs 00 3KCIEpH-
MEHTAaJIbHBIX M KJIMHUYECKHUX HCCIIEIOBAHUSIX cepedpa Ha OCHOBE HAHOYACTHII. PaccMOTpeHbI
pasnuYHble HANpaBJICHHUS HCIOJNB30BAaHUS HaHOCepeOpa U BO3MOXKHbBIC HEraTHBHBIC

OCJICACTBUA €0 UCIIOJIb30BaHUs.

Kniouegvie cnoea: nanocepedbpo, nanomexnonozus, papmaxomepanus.

[Tone3nsie cBoiicTBa YacTuIl cepedpa m3-
BECTHBI €l1le ¢ UCTOpUYecKuX BpemeH. llepBoe
YIOMUHAHHUE O LIETUTEIbHBIX CBOMCTBAX 3TOTO
MeTajula IPUXoAUTCs Ha V B. 10 H. 3. B npeBHe-
WHAUKACKOHN TUTEpaType BIIepBbIE OBLIO OMUCAHO
obe33apaxxrBaHUe BOABI C TOMOLIBIO pacKa-
JeHHoro cepebpa. B cpennue Beka BpaueBatTenu
U QIXMMUKU OIMPOKO NIPUMEHSUIN B CBOUX CHa-
J00BSIX 4aCTHUIIBI cepedpa, B YaCTHOCTH «aACKUI
KaMeHb» (a30THOKHUCIIOE cepedpo) [1].

B odunmanpHO cOBpeMEHHOI eBpONeHCKOi
MEIUIMHE TepBOe yIOMHHAHUE 00 HCIOJb-
30BaHHH IIeIeOHBIX CBOWCTB cepedpa mpuxo-
nutcsi Ha 1881 1, Korma HeMellKuii aKyIep-TuHe-
koior Kapn Kpene ucnonszoBan 1-2%-Hbli
pacTBOp a30THOKHCIIOTO cepedpa B BUE TIIa3HBIX
Karteb JJ1s TPOQHUIaKTHKH Pa3BUTHA OJIEHHOpEH
Yy HOBOpOXKJIeHHBIX. B 1970-x IT. aMepuKaHCKHiA
yuensblit Pooept O. Bekkep ycTaHOBHII, YTO HOHBI
cepebpa crrocoOCTBYIOT POCTY KOCTeH U yOHBatOT
6onee 650 pa3TUYHBIX MATOTEHHBIX MUKPO-
OpPraHU3MOB.

CeronHs OHUM U3 IPUOPUTETHBIX HAIIPAB-
JIeHUH B MEAHMLIMHE SBJSIETCS HAHOMEANLIMHA, B
JaCTHOCTH HaHO()apMaKoJIOTus, MO3BOJISIOIIAs
BJIMATH Ha MOJIEKYJISIPHBIN YPOBEHb OpraHU3aluu
TKaHel OpraHu3Ma U OCYIIECTBISATh KOHTPOJIb
CTpOEHUs opraHoB. B HacTosIee BpeMs JHIIb
HEMHOTHE MPOAYKThI HAHOTEXHOJIOTUI HCIIOJb-
3yIOTCS B JIYeOHBIX II€JIIX, U Hauboyee 3Ha-
YUMBIM CPEIM HUX SIBISIETCSI HAaHOCEPeOpo [2].
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Hanocepebpo (Taxke KoJmmonIHoe cepedpo)
NPE/ICTaBISIET COO0H HAHOUACTHIIBI PA3MEPOM JI0
100 aM. TunuuHble pa3Mepbl HAHOYACTHUI] Ce-
pebpa — 25 um. YacTuibl cepebpa — oJIMH U3 ca-
MBIX NECPCHECKTHUBHBIX HAHOMPOAYKTOB COBpPEC-
MEHHBIX TeXHOJIOTHi. OHU MPOSBIISIIOT CBOE JCHi-
CTBHE B OCHOBHOM KaK KaTaJM3aTop, CHIKa-
FOIIUi AeiicTBHE SH3UMA. TOT0 HH3UMA, KOTOPBII
WCTIONB3YIOT TPUOKH, BUPYCHI U OJHOKIIETOUHBIC
OakTepuu I COOCTBEHHOTO MeTaboJim3Ma.
Opnnako OakTepru OBICTPO MTPHOOPETAIOT YCTON-
YUBOCTh K aHTHOMOTHKAM, W TOCIeAylonee
MIPUMEHEHNE ITHX aHTHOMOTHKOB CTaHOBUTCS
OecrnepcreKTUBHBIM 1 Masiod3(hdeKTuBHBIM. [IpH
MIPUMEHEHUH KOJUIOUIHOTO cepedpa JaHHBIX 00
YCTOI\/'I‘II/IBOCTI/I mITaMMOB HE€ BBIABJICHO. HCIIO-
CTaTKOM aHTI/I6I/IOTI/IKOB ABJISICTCA OTCYTCTBUC
BO3JIEHCTBUS HA BUPYCHl U OrpaHUUYEHHAs d(-
(heKTUBHOCTH MIPOTHUB HEKOTOPHIX (opM Oak-
Tepuit U TpuOKoB. KommonmHoe cepedpo sSBiIS-
ercs 3 (EeKTHBHBIM CPEICTBOM IMPOTHB OoJiee
600-700 pa3nuIHBIX 0OJIC3HETBOPHBIX ITATO-
TeHOB, ¥ TPUMEHEHHE JJa)ke OYeHb MaJIbIX JI03
KOJJTOMIHOTO cepeOpa MPHUBOAMNT K MX THOSIH.
Pe3ynprarel HETABHUX HCCIEIOBAHUN YUYEHBIX
BocToHCcKkOro yHUBEpCcUTETa MOKa3aiH, YTO
NpUMEHEHUE aHTUONOTUKOB C 00aBIICHHEM Ce-
pebpa B COTHHM pa3 MOBBIIIACT aHTHOAKTEPH-
anbHYI0 3(QPEKTUBHOCTH MpenapaTroB MPOTHUB
IIaTOr€HHBIX MUKPOOPTraHU3MOB, YCTOMYUBBIX K
BO3JCHCTBUIO aHTHOMOTHKOB [3].
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OCHOBHBIM MEXaHU3MOM JEHCTBUS, TO-
CPEICTBOM KOTOPOTO HAaHOUYACTHIBI cepebpa
MIPOSIBIISIFOT CBOW aHTUOAKTEpUAIbHBIE CBOMCT-
Ba, ABJICTCS NMPUKPEIUICHNE W TPOHUKHOBEHHE
UX B KJIETOYHYIO CTEHKY Oakrepmii. Hanouac-
THIBI PEATU3YIOT CBOE JIEWCTBHE B JIBYX OCHOB-
HBIX HalPaBJICHUSX: OHU MPUKPEIUIAIOTCS K 10~
BEPXHOCTH KJICTOYHOW MEMOpaHBI M IPETIST-
CTBYIOT €€ ()yHKIHOHHPOBAHHIO (HAPYIIAIOT
MIPOHUIIAEMOCTh U JIbIXaHHE MEeMOpaHBbl); OHU
CHoCcOOHBI TPOHHUKATH BHYTPb KIIETKH OaKTepuit
Y BBI3BIBATH JajbHEHIIee HapylIeHHe ee (yHK-
UOHUPOBAHUS — BO3MOXKHO BO3ACHCTBUE Ha
JIHK (Bo3zzeticTBue Ha cepo- u hocdopcoaepxa-
npe coeauHenus). D dext cepedpa sBiseTcs
JI0303aBUCHMBIM U 0o0Jiee BBIPAKCHHO IPOSIB-
JSIETCSI TI0 OTHOIICHUIO K TPaMOTpPUIIATEIbHBIM
OpraHu3MaM, 4YeM K IpaMIIONIOKHUTEIbHbIM [4].

Hanouactuus! cepedpa IMEIOT YAUBUTEIILHO
HeoOBIYHBIE (pHU3MUECKHe, XUMHUYECKHE U OMO-
Joruyeckue cporictea. biaaromaps cBoeil moui-
HOM MPOTHMBOMUKPOOHOM M MPOTHUBOBHPYCHOMN
AKTUBHOCTH, TOHKHE MOKPHITUSI U3 HAHOYACTHIL
cepeOpa MCIONB3YIOTCS Ml 3alIUThI TTOBEPX-
HOCTEl HEKOTOPHIX MMIUIAHTATOB, a TaKXe Ha-
IUTH [IUPOKOE MIPUMEHEHUE JJIsl JICUSHHs PaH,
pa3NUYHBIX BUJOB OXOTOB (TEpMHYECKUX,
YIBTPa(UOTIETOBBIX U JIP.), XPOHUIECKHX S13B [5].
CepeOpsiHbIE HAHOYACTHIIBL, a TAKXKE HOHBI Ce-
pebpa Ag+ MoryT OBITH TIOJIE3HBI B 3aMEJIEHHBIX
HpoLeCCax 3aKHUBJICHHS PaH y MAIMEeHTOB C ca-
XapHBIM THa0€TOM C MUHIMAaIIbHBIMU PyOIIaMH,
TaK KaK 3aKUBJIEHHE TUa0CTHYECKUX PaH 3a-
BUCHUT OT MHOTUX BTOPUYHBIX MHPEKIHH.

HenapHo 0b110 00HAPYKEHO, YTO JICKAPCTBO
¢ moOaBlieHMEM MajbIX A03 cepedpa HMeeT
0ombIIyI0 3P(EKTUBHOCTh IPOTUB OaKTEePUH,
BBI3BIBAIOLINX KENYI0YHO-KUIIEYHbIE 3a00ie-
BaHMS U MH(EKINU MOUYEHCITyCKAaTeIbHOTO Ka-
Haya. CormacHO MHOTOYHCICHHBIM HCCIE0-
BaHMSM, KOJIJIOUJHOE cepeOpo MOXKET JICYHUTh
WHGEKIIUN, BBI3BAHHBIC CTA(PUIOKOKKAMH H
UMEIOIINE PE3NCTEHTHOCTh K aHTHOMOTHKAM,
KaHJHUIbI, a TaKXkKe OOPOTHhCS C OPYTUMHU TPHO-
KOBBIMH 3a00JICBaHUSAMH HAIero Tena [6].

OnHako aHTHOaKTepualbHOE ACHCTBUE
HMOHOB cepedpa creruduuHo He 10 UHPESKIUU
(HampuMep, KaK y J-TaKTaMHBIX aHTHOMOTHKOB),
a 110 KIJIETOYHOM CTPYKType. DTO CBSI3aHO C TEM,
YTO KJIETKH 4YeJOBeKa He cOlepsKaT MenTHAo-
TIMKaHOB — OCHOBHOTO CTPYKTYPHOTO 3JIEMEHTa
KIIETOYHOH cTeHKH OakTepuii. [loaTomy gacTHIibt
HaHOcepeOpa He MMEIOT TOYKH NPHIIOKEHUS
CBOETO JIEHCTBUS Ha MENTHIOTIHKAHBI, B TOM
JHUCiIe B YenoBeka [7, 8].

benbrulickum y4yeHbsIM Ha OCHOBE HAaHOUAC-
TUIl cepedpa ymnanoch CO3JaTh «CepeOpsSHYIO
ITYJII0» IyTeM JT0OaBJICHUs HAHOYACTHI] cepedpa
K TIOJIC3HBIM OakTepusMm (HampuMmep, K Oak-
TepHsSM HOTYpTa), 9TO OTKPHIBAET BO3MOXHOCTh
9TUM OakTepusM OOPOTHCS, a TAKXKE pa3pyIiaTh
BHupychl. OOHAPYKEHO TaKXkKe, YTO TaK Ha3bIBae-
Mble «cepeOpsHbIe MyT» MPETATCTBYIOT Jallb-
HEHIIeMy pacipOCTPaHEHUIO0 MH(EKIUN BHPY-
COM B OpraHu3Me.

M3yueHne aHTUOKCHUJAHTHBIX CBOKMCTB HAHO-
KOMIIO3UTa BBICOKOJHMCIICPCHOTO KpeMHEe3eMa
Y HAHOYACTHI[ cepeOpa B YCIIOBHSIX OKCHJIA-
TUBHOTI'O CTpecca in Vitro IOKa3ailo, 4TO0 HAHO-
YacTHIbI cepedpa 00Jaat0T TaKKe aHTHOKCH-
JMAHTHBIMH CBOWCTBaMH [9].

Kak cBueTensCTBYIOT JaHHBIE MTOCIEIHIX
JeT, cepedpo TakkKe MMEET MOIIHbIE HMMYHO-
MOIYJISTOPHEIC CBOMCTBA, CPaBHUMBIE 1O 3 Pek-
TUBHOCTH C TOPMOHAMH CTEPOUIHON CTPYKTYPBI.
NMMmyHOMOIYIATOPHBIN dPdeKT sBisieTcs mo-
303aBHCHUMBIM — HOHBI cepedpa MOTYT KaK CTH-
MyJIUPOBaTh, TaK U yrHeTarh ¢aroiuros. [lox
BIUSHUEM YacTHUI] cepeOpa MOBBIIIACTCS KOJIH-
yectBo IgG, A, M, a Takxe BO3pacTaeT IMpo-
LIEHTHOE CofieprkaHue abCOTIOTHOTO KOJTMYeCTBA
T-mumdonmtos [10-12].

CoracHO JaHHBIM JINTEPATyphl, IyBCTBU-
TEIIFHOCTH PAa3HBIX MTATOT€HHBIX U HETTaTOT€HHBIX
OakTepwii k yacTuiiaM Ag HeonmHakoBa. [Toka-
3aHO, YTO MaTOTeHHAs MUKpOdIopa uMeeT 00Tb-
IIY0 YyYBCTBUTEIBHOCTH K HOHAM cepedpa, ueM
HernaroreHHas. Vicxofs u3 3Toro, yaeHbIMHU paz-
paboran crioco0 ¢apmakoTepanuu nucOakTe-
pro3a pa3IMYHOTO TeHEe3a PacTBOPOM cepedpa
(B xoH1eHTparuu 500 MKI/I1) METOIOM TIOJIOCT-
HOTO 3JIEKTpodope3a ¢ JOCTHIKCHHEM BBIpa-
KEHHOTO JieueOHoro addekta [13].

B uccrienoBanuu HEMEIKUX YUEHBIX MTPOJIC-
MOHCTPHpPOBaHa BEIpaKEHHAs aHTHOAKTepHAITh-
Has aKTUBHOCTh HAHOYACTHI] cepedpa OTHOCH-
TETPHO MUKPOOPTaHU3MOB, YCTOHYMBHIX K aH-
trOnoTHKaM (S. epidermidis, METUIMIIMHCTOM-
KUt S. epidermidis 1 METUIIWITHHCTOUKAH S. aure-
us) TIpu 100aBJICHUU B KOCTHBIN IeMeHT [14].
Komrneke HaHOCEepeOpa ¢ IMHIA30J1 ITUKIO(OC-
(haHOM MMEET TaKyr K€ MPOTUBOMHUKPOOHYO
AKTUBHOCTH, Kak U ,5%-HblIii pacTBOp cepedpa Hu-
Tpara B OTHOIICHUU S. aureus, a Takxke E. coli, P
aeruginosa, C. albicans, A. nigeru S. cerevisiae [15].

B nuteparype umeroTcs AaHHBIC, YTO Ce-
peOpsiHBIE HAHOYACTHUIIBI, HAPSAAY C WX aHTH-
MHKpPOOHOH aKTHBHOCTBIO, OKa3bIBAIOT TOKCH-
YecKoe BO3JEHCTBHE Ha 3/I0POBHE YEIIOBEKA U
OKPY>KaIOIIy0 CPELy.
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M30BITOK HAHOYACTHI WJIM MOHOB cepebpa
HETaTHUBHO BJIMSIET HA OPTraHU3M — U3MEHSIET IIBET
KOXH ¥ 00onouku miaza. Kpome Toro, pactso-
pHUMBbIe COeANHEHHS cepeOpa MOTYT IPUBECTH K
TOKCHYECKOMY BO3ZICHCTBUIO HA IEYEHb U [TOYKH,
JBIXaTEIbHYI0 CUCTEMY U IUIIEBOM TPAKT, a TaK-
e Ha U3MEHEHUs B KJeTKax KpoBu. HeratueHo
BJIMSAIOT HAHOYACTHUIIBI HA MY>KCKYIO PEPOAYK-
TUBHYIO CUCTEMY: OHH CHOCOOHBI NMPOHUKATH
Yyepe3 reMaToTeCTHKYISIPHBIN Oapbep, HaKaruIm-
BaThCs TaM M HETATUBHO BIIMSTH Ha CIIEPMaTo30-

Jluteparypa

uapl. Cepedpo MOXKET TaKKe HaKaIIMBaThCS B
HEPBHOH TKaHH LIEHTPAJIbHON HEPBHOM CUCTEMBI,
BBI3BIBAS TSDKEIIBIE HEPBHBIC paccTpoiicTpa [16].

Takum 06pa3om, HaHOCEPEOPO HAXOIUT BCE
Oonee MMPOKOE MPUMEHEHUE B MEAWLMHCKOM
MPAKTHKE Ul TEPANNU IIAPOKOTO CHEKTPa 3a-
0oJIeBaHNH Pa3NUIHBIX OpraHoB U cucteM. On-
HaKO JaHHBIE, CBUAETENILCTBYIOIINE 00 OTpHULIA-
TEJIBHOM BO3JIEHCTBIH HAHOYACTHUL] HA OPraHU3M,
OCTAalOTCSl aKTYaJbHBIMU U TPeOYIOT HajbHeH-
LIeT0 U3yUYeHUsl.
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A.B. Anexcanodposa
HAHOYACTKHU CPIBJIA Y ®PAPMAKOTEPATIIL

[IpoananizoBaHi i y3aranbHeHi TiTepaTypHi AaHi PO iCTOPir0 3aCTOCYBaHHS YaCTUHOK cpidia, BUBYEHI
iX BIACTHUBOCTI, @ TaKOXK HaMiueHl1 MEPCMEKTUBU 3aCTOCYBAaHHS HAHOYACTOK CpiOiia B Pi3HUX Tay3sixX
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MeauuuHu. OmMHUcaHo MeXaHi3M MPOTUMIKPOOHOI Nii yacTUHOK cpibina. HaBemeHo BimomocTi mpo ekc-
MEepUMEHTANbHI Ta KIiHIYHI AOCHIPKeHHs cpidlia Ha OCHOBI HAaHOYACTOK. PO3IISHYTO pi3HI HaNpsAMH
BUKOPUCTAHHS HAHOCPiONa 1 MOXKJIMBI HEraTUBHI HACIIIKU HOTO BUKOPHCTAHHS.

Kniouosi cnosa: cpibno, nanouacmunxu, gpapmaxomepanis.

A.V. Aleksandrova
SILVER NANOPARTICLES IN THE PHARMACOTHERAPY

The article analyzes and summarizes the published data on the history of the use of silver particles of
their known properties, as well as the prospects for the use of silver nanoparticles in different branches of
medicine. The mechanism of action by which an antimicrobial effect is manifested silver particles. Data
on the experimental and clinical studies based on silver nanoparticles. We also consider the various uses
of nanosilver and possible negative consequences of its use.

Key words: silver, nanoparticles, pharmacotherapy.
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