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MNpoBefgeH aHanAu3 gvHaAMMKU Ny6aukauuin B 6ase gaHHbIX ScienceDirect 3a nepuopg ¢ 1997 no 2016
rop B 0651aCTAX, CBSA3AHHbIX C MPUMEHEHMEM HaHOYaCTUL, U HAHOCTPYKTYP AJS afpecHOW A0CTaBKU
JleKapcTBeHHbIX BewecTs (targeted drug delivery) u onpepeneHbl Hanbosiee AMHAMUYHO pasBUBAKOLLMECS
HanpaBneHUs UccefoBaHUN.

Publications dynamics based on the ScienceDirect scientific database for the period
from 1997 to 2016 was analyzed for the areas related to the use of nanoparticles and
nanostructures for targeted drug delivery. The most dynamically developing areas of

research were identified.

LIMHBL SIBJIsieTCsl pa3paboTKa cucTem ajpec-

HOM [OCTaBKH JIeKapPCTBEHHBIX BeIlleCTB HJIHU
HallpaBJeHHOIO TPaHCIOPTa JIeKapCTBEeHHBIX
BellecTB (B aHIVIOSI3BIYHOM JTUTepaType precise drug
delivery unu targeted drug delivery). ITom anpec-
HOM JOCTAaBKOM JeKapCTBEHHBIX BellleCTB IOHU-
MaloT HallpaBJIeHHBI M TPAHCIIOPT JIeKapPCTBEHHOI0
BellleCTBA B 3aJJaHHYI0 06/1aCcTh OPraHu3Ma, opraHa
HUIH KJIeTKHU. [IppMeHeHHe HAaHOYACTHUIL U HAHO-
CTPYKTYPHPOBAaHHBIX CUCTEM [JISl CO3laHU S HOBBIX
JeKapCTBEHHBIX IIPerapaToB IIPU3BAHO PEIIUTH
TakHe 3a/Jadyu, Kak obecrmeyeHHe ONMTHUMATb-
Horo ¢apMaKoJorudeckoro s¢pdpexra, Halmpas-
JIeHHBIA TPAHCIIOPT U peryanpyemMoe BHICBOOOXK-
JleHHe JIeKapCTBeHHOIO BelleCcTBa, MUHHUMAb-
Hoe M0604YHOe IeHCTBHe U yA06CTBO IPUMeHeHHUS.
B KadyecTBe HOCHTeJIeH AJI aJPeCHOM AOCTAaBKH

AKTyanLHoﬂ npobyseMoll COBpeMeHHON MeJaH-
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JIeKapCTBEHHBIX BEI[eCTB MOTYT HCIIOIb30BAThCS
KaK HAaHOCTPYKTYphl Ha OCHOBe BellecTB 6Ho0JI0-
TUYeCKOr0 MPOUCXOXKIEeHHUS ~ ITUIIUO0B, IIOJIHCA-
XapupoB, 6eIKOB, TAK U Ha OCHOBe CHHTeTHYe-
CKHUX IIOJTMMEPOB U HEOPraHUYeCKHUX HaHOUYACTHI]
[1-3]. DToit mpobneMe mocCBsIMEeHO HOIBIIOE YHUCIIO
CIeIIMaJU3MPOBAHHBIX MeX/AYHAPOLHBIX KypHa-
n0B, TakKX Kak Advanced Drug Delivery Reviews
(umnakTt-dakTop 11,764), Journal of Controlled
Release (mMmmakT-pakTop 7,786), Nanomedicine:
Nanotechnology, Biology and Medicine (mMmnaxT-
dbaxTop 5,720) u np.

OLHHUM M3 HHCTPYMEHTOB, [I03BOJISIIOIIUM Pa30-
bparhcs B 6osbIoM 06beMe HHPOPMALIHU I10 pac-
CMaTpUBaeMoON TeMaTHKe U BBHISIBUTH Haubosee
IepCleKTHBHBle HAallpaBJIeHUS HUCCIeJLOBAHUM,
SBJISIeTCS AHAIW3 JUHAMHUKH HAaY4YHBIX Ty6IHMKa-
UMM 3a JOCTATOYHO JJUTE/IbHBIHN (He MeHee 15 jieT)
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IIpOMeXYyTOK BpeMeHH. AHA/IHW3 JUHAMUKHU Hay4-
HBIX IIYOJIMKALIMKI MOXKeT CAYy>KUTh LOIIOJTHEHHEM
K IPYyTHM BapHaHTaM OLIeHKH TeHAeHILIUH pa3BU-
THUS HayYHBIX HAllPABJIeHUH — 0030pPHBIM CTAaThIM
B OTE€YeCTBEHHBIX U 3apyOe>KHBIX HAYUHBIX XYyp-
Hajlax, aHaau3y pe3yAbTaTOB HayYHBIX KOHOe-
PeHILIMI, a TaK>Ke aHAJIM3y IaTeHTHON HHpopMa-
nuu [4]. JOCTOMHCTBAMHU 3TOI0 MeTOAa SIBISIOTCS
ero 6GBICTPOTA M BO3MOXKHOCTb OXBaTa IIMPOKOTO
Kpyra Hay4YHBIX HallpaBIeHHUN. AHAIU3 AHHA-
MHUKH HAay4YHBIX NY6IHUKAL UK paHee ObII IpHUMe-
HeH IS BRISIBJIEHUSI TeHIeHLUN Pa3BUTHUS HAy4-
HBIX HAaIllpaB/JIeHUH B 06/1aCTsX, CBSI3aHHBIX C HAHO-
TeXHOJIOTHSIMH U KHUIKOCTHOM 3KCTPaKI[HeHn [5].

Llenpio paboThl SBISIeTCS BBISIBJIeHHe Hauboee
MePCIeKTHUBHBIX U OBICTPO PA3BUBAKNIUXCS MTOIX0-
JOB I10 IPUMeHeHHUI0 HAHOYACTHL M HAHOCTPYKTYP
IUISL JOCTABKH JIEKAPCTBEHHBIX BeIeCTB C IIOMO-
IIbI0 aHA/IM3a AUHAMUKY HAayUHBIX IY6IUKALIUH.

YT1oOBl OLEHUTh JUHAMHUKY HYOIHKALUHI,
MBI KMCIIOJIb30Ba/IM BO3SMOKHOCTH 0a3pl JaHHBIX
ScienceDirect B ceTu UHTepHeT. AHAJIM3UPOBAJIOCH
yMCio nybauKanui B 6a3e JaHHBIX ScienceDirect
3a repuon c 1997 mo 2016 rop, roe LejieBble IOHATUS
BXOOHUJIM B Ha3BaHMe, KJIIOUYeBble CJI0BAa M aHHOTa-
nuo. boree mogpobHO MeToLUUYECKHE IIPHUEMBI,
KOTOPBIe HCII0Nb30BAIUCh IIPH AHANTK3e JHHAMHUKH
ny6nKMKan UK, OIKCAHBL B CTaThbe [5].

PE3YNIbTATbI U OBCYXXAEHUE
Cpeniu HAaHOMATepPHUATOB U HAHOCTPYKTYP, KOTO-
pble pacCMaTPHUBAIOTCS B KaueCTBe HOCUTeIel J/si

aJpecHOM [OCTaBKU JTeKapCTBEHHBLIX BelleCTB,
MO>KHO BBIJIeJIMTh CIeyIoLl1e TPYIIIIbL:

1. camoopraHusyomuecs (T.e. TepMOAHHAMHU-
YeCKHU CTabUIbHbIE) HAHOCTPYKTYPBI IIOBEPX-
HOCTHO-aKTHBHBIX BeleCTB -~ MHUKPO3MYJIb-
CHH, MUILIeJIBl, OPTAHOTe/IN K3 LUJIHHpUYe-
CKHUX MU/ (TaKKe KakK JTeIIJMTHHOBBIe Opra-
HOTeJH [6]), THOTPOIIHBIE SKUAKHE KPUCTATIIIBL;

2. TepMOAMHAaMHUYeCKH HecTabHUIbHBIE CTPYK-
TYPBI C Yy4acTHeM MOBEePXHOCTHO-aKTHBHBIX
BeIleCTB ~ HAHOSMYJIbCHH, MHOKXeCTBEHHEIe
SMY/IbCHUH, TBeP/ble TUIIUAHble HAHOYACTHLIBL,
JIUIIOCOMBI, HUOCOMBI, T€KCOCOMBI, Ky6OCOMBI;

3. IoJKMMepHble HAHOYACTULBI U HAaHOCTPYK-
TYypHl - IOJIMMepHble MHUIeJIJIB, HaHOYa-
CTHUIBI [I0OJIMMEPOB, IO MEePHBIe HAHOKAI-
CyJIBI, KOH'BIOTATHI "TIONTUMEP — IeKapCTBEHHOe
BeIlleCTBO", IeHPUMepPbl, KOHBIOTATHl Oe/IKOB
C IeKapCTBEHHBIMHU BellleCTBAMHU;

4. HeopraHH4YeCKHe HAHOYACTHIBL - MATHUTHBIE
HaHOYaCTUIbl, HAHOYACTUIIBI 30/10TA, JHUOK-
CHUJa KpeMHHUS, JUOKCUOA TUTaHA, docdaTa
Ka/JbLIHS;

5. yIjeponHble HAHOYACTHULBI ~ Qy/I/IEPEHBI, YIJIe-
POLHBIe HAHOTPYOKH, HaHOAIMAa3sl, IpadeH;

6. 06BeKTEHI CyoIpaMONeKYyJISIpPHOH
XHUMHUH - KaJIHUKCApeHBl, KyKypOUTYPHUTH,
LIMKJIOAeKCTPUHBI, HAHOKOHTEeHHEPHI U3 LIeI0-
yek JHK.

[IpuBeLeHHBIN CIIMUCOK He SBJSIeTCS HCUEPIIBI-

BAIOLIMM, MBI IIOIIBITAIUCH PACCMOTPETh Haubosee
HW3BeCTHble HAHOCTPYKTYPBbI, IIpeJaraemMmele Qs

he actual problem of the con-

temporary medicine is the

development of precise drug
delivery systems or targeted drug
delivery. Under the term of precise
drug delivery it is meant to under-
stand the targeted delivery of the
drug to the indicated part of the
body, organ or a cell. The using of
nanoparticles or nanostructured
systems for creating new drugs
is supposed to solve such tasks as
ensuring optimal pharmacologi-
cal effect, targeted delivery and
the controlled release of the drug,
minimal side effects and the con-
venience of use. Nanostructures of

the biological origin such as lipids,
polysaccharides, proteins, as well
as synthetic polymers and inor-
ganic nanoparticles can be used
as carriers for precise drug deliv-
ery [1-3]. Many specialized inter-
national journals are dedicated to
this problem. These journals are:
Advanced Drug Delivery Reviews
(impact factor 11,764), Journal
of Controlled Release (impact
factor 7,786), Nanomedicine,
Nanotechnology, Biology and
Medicine (impact factor 5,720) etc.

One of the instruments that
gives possibility to sort out great
amount of information on the

researched topic and highlight
the promising fields of research
is the analysis of scientific pub-
lications dynamics for a rather
extended period of time (not less
than 15 years). The analysis of the
scientific publications dynamics
may serve as the complementary
means to the other methods of
assessment of the trends of devel-
opment of the scientific areas of
research - reviews in national
and foreign scientific journals,
the analysis of the results of sci-
entific conferences and also the
analysis of the patent informa-
tion [4]. The advantages of this
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Puc.1l. JuHamuka nybaukauuli no NpuMeHeHU camoopaa-
HU3YIOUWUXCS HAHOCMPYKMYpP N0BEPXHOCMHO-AKMUBHbIX 8€-
wecma 04 adpecHoll 00CmMasKu AeKapCmaeHHbIX eelecma.
[Mouck no codemaHuto caoe drug delivery u: 1 — micelle;
2 - microemulsion; 3 - lyotropic liquid crystal

Fig.1. Publications dynamics on the use of self-organising nano-
structures of surface-active agents for precise drug delivery. The
search by the combination of words "drug delivery" and: 1 - micelle;
2 - microemulsion; 3 - lyotropic liquid crystal

aZipeCHON AOCTAaBKU JIeKapCTBeHHBIX BellecTB, U
OLIeHUTb IIePCIEKTUBLI UX IPUMEHEHUS.

s aHa/lK3a UHTepeca yYeHbIX K MCIIOIb30Ba-
HHIO CAMOOPraHU3yIOUIUXCSI HAHOCTPYKTYP MTOBEPX-
HOCTHO-aKTHUBHBIX BemecTB (IIAB) st agpecHoHn
JOCTaBKH JIeKAaPCTBEHHBIX BeIeCTB Mbl pACCMOTPeNH

OUHAMHKY My6IHUKALIUE 110 COYeTAHUIO IBYX KJIO-
4yeBbIX c710B: drug delivery u Ha3BaHHI CAaMOOpraHH-
3yIomuxcs CTpyKTyp IIAB - microemulsion (Mmuxkpo-
smynbcus), micelle (munenna) u liquid crystal (kun-
KUM KpUCTas). CIefACTBHEM TePMOLUHAMHUYECKOM
CTabUIBHOCTHU TaKUX HAHOCTPYKTYP SBISIOTCS HX
IOOCTOMHCTBA C TOYKH 3PeHHS TeXHOJIOTHH ~ IIPOCTHIE
MeTO/bl IIOTTYYeHHsI, 3aBUCHUMOCTb CBOMCTB TOTBKO
OT COCTaBa CHUCTeMBl M MX HE3aBHUCHMOCTD OT yCJI0-
BUI CMeIINBAHUS KOMIIOHEHTOB, BO3MOKHOCTD JJTH-
TeJIBHBIX CPOKOB XpaHeHUs [6]. IlepedunciieHHBbIe
BBIIIIEe JOCTOMHCTBA Jle/Ial0T CAaMOOPraHHU3YOIIHecs
HAaHOCTPYKTYPHI [IAB I1epcrIeKTUBHBIMU CUCTEMaMHU
I/ alpeCHOM JIOCTaBKHU JIeKapCTBEeHHBIX BeIllleCTB.
Pe3ynbTaThl aHAINM3a JUHAMHUKH IyOIMKALIMH I10 JaH-
HOU TeMe 3a Iepuof, ¢ 1997 o 2016 rop mpuBefeHE Ha
puc.l.

EskeromHoe 4Kc/I0 My6IUKALUE AJISI BCEX PACCMO-
TPeHHBIX HAHOCTPYKTYp IIAB Bo3pacTaer (cM. puc.l).
Hawubosnpuree urcio ny6IHuKaIUK CBSI3aHO C IIPUMeHe-
HUeM JIJISl afipeCHOM JOCTaBKHU TAKHUX CAMOOPraHHU3Y0-
LM XCS HAHOCTPYKTYp I[IAB, Kak MuIeibl. B mocien-
HIe HeCKOJIbKO JIeT e5KeroHoe YHC/I0 IMyOIUKaLUH 110
3TOM TeMe IIpeBbImIaeT 150 equHUIL B 6a3e. BTopoli 1o
YHCIy NYOIUKALUN TeMOH SIBJSIeTCS IPUMeHeHHe
MHUKPOIMYJIbCUH, B IIOCTeTHHE HECKOJIBKO JIET eXKeTo/l-
HOe YHC/I0 My6IUKAI[UH COCTABISIET JeCITKH BKIIOUe-
HUH B 6a3e. HTepec K UCII0Ib30BAHHIO [JIsI a/IpeCHOM
NOCTaBKU TaKUX CHUCTEeM, KaK JKHUJIKHe KPUCTAJIbI,
SIBJISIeTCSI He3HAUUTEeJIbHBIM, €5Ker0JHOe YHC/IO ITyOIH-
KaLlUH COCTaBJIsLeT OKOJIO AecsSTKa egUHHUI B Ha3se
TaHHBIX.

method are its speed and the pos-
sibility to embrace the wide vari-
ety of scientific fields of study.
The analysis of scientific pub-
lications dynamics was previ-
ously implemented to identify
the trends in the development
of scientific areas of research in
the fields of science connected
with nanotechnology and liquid
extraction [5].

The aim of this paper is to iden-
tify the most promising and rap-
idly developing approaches of the
use of nanoparticles and nano-
structures for targeted drug deliv-
ery on the basis of analysis of sci-
entific publications dynamics.

To assess the dynamics of pub-
lications we used resources of the
scientific database ScienceDirect
and the Internet. The number of
publications where target notions
were included in the title, key-
words and annotation from the
scientific database ScienceDirect
for the period from 1997 to 2016
was analyzed. The methodologi-
cal approaches which were imple-
mented for the analysis of publica-
tions dynamics are described more
fully in the article [5].

RESULTS AND DISCUSSION
Among nanomaterials and nano-
structures which are reviewed as
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carriers for precise drug delivery it

is possible to distinguish the fol-

lowing groups:

1. self-organizing (i.e. thermody-
namically stable) nanostructures
of surface-active agents - micro-
emulsions, micelles, organogels
of cylindrical micelles (such as
lecithin organogel[6], lyotropic
liquid crystals);

2. thermodynamicly unstable
structures with surface-active
agents - nanoemulsions, mul-
tiple emultions, solid lipid
nanoparticles, liposomes, nio-
somes, hexosomes, cubosomes;

3. polymer nanoparticles and nano-
structures - polymeric micelles,
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TepMofiMHAMHUYeCKH HeCTabHUIbHble HAHOCTPYK-
TYPBI C y4acTHeM II0BePXHOCTHO-aKTUBHBIX BeIlleCTB
TaK>Ke MpeJJaraloTcs B KadeCTBe HOCHUTeNeH O/
aJlpeCHOM JOCTaBKH JIeKapCTBEHHBIX BellleCTB. Cpelu
TaKHX CUCTEM MOXKHO BBIJI@TTUTH JABe TPYIIIIbI ~ IPOM3-
BOJHBIe 3MY/IbCHUI K IIPOU3BOJHBIE XKUIKOKPHUCTA-
nuveckor ¢aspl. K mepBoi IpyIiIie OTHOCATCS HAHO-
3MY/IBCHHU (3MYABCHH C pa3MepoM KaIlelb MeHee
200 HM [7]), MHOKeCTBEHHBIE 3MY/IbCHUH (MaIble KaIlJIK
OTHOM JUCIIepCHOM $a3bl, HAIpUMep BOLHOM, AHC-
MepPrupoBaHbI B 60/Iee KPYIIHBIX KAILISIX APYTOM JTHC-
nepcHou ¢aspl, HallpHMep MAC/ISHOM, a 5TH KPYIIHble
KaIlJId, B CBOIO OYepe/b, JUCIIePrUPOBAHEL B CILJIONLI-
HOM {a3e, HAaIIlpHMep BOLHOK) U TBepJble THUIIHNIHbIe
HaHOYaCTHULbl. TBepAble JIUIIUIHbIe HAHOYACTHUILBI
MOJIy4YaloT IyTeM SMYJIbTHPOBAaHM S PacIljlaBa JIUIIH-
JIOB IIPH IIOBBIIIEHHOM TeMIIepaType, a IIPH OX/IakIe-
HUU 5MY/IbCUH KAIIK JIMIIMI0B KPUCTAI/IM3YIOTCS,
obpasys TBep/ble TUIIHAHBIE HAHOUACTHIIBL. K ITpous-
BOAHBIM KUJKOKPHUCTAIIHNYECKON $a3bl OTHOCSITCS
XOpOILIO M3BeCTHBIe JIMIIOCOMBI, KOTOPble MOKHO
CUUTATh HAaHOPa3MePHBIMH YaCTHLAMH JaMeJ-
JSIPHOM XUAKOKPHUCTAMIUYECKOU $a3bl, U MeHee
K3BeCTHBbIe TeKCOCOMBI U Ky60COMBI - HAaHOpa3Mep-
Hble YaCTHUIIbl TeKCaroOHaAbHON U Kybuueckoi dassl,
COOTBeTCTBeHHO. K 3TOM ke I'PyIlIle OTHOCATCS HUO-
COMBI -~ AaHAJIOTH JIMIIOCOM, 06pa3oBaHHBIe OUCIOSIMU
HEHOHOTeHHBIX [I0BePXHOCTHO-aKTUBHBIX BeIlecTB,
KOTOPBIe ABJSIOTCSA 3QHUPaMU OTHUITHUICHIIUKOIS K
[IOJIM M MeTH/ICU/IOKCAHOB.

Ha puc.2 mpeacTaB/ieHBl pe3ynbTaThl aHAKM3a
OUHAMUKK NYOIHUKAOUN IO COYETAHHUIO ABYX
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Puc.2. JuHamuka nybaukayul no npumeHeHU mepmoodu-
HamMu4yecku HecmabuAbHbIX HAHOCMPYKMYyp € ydyacmuem no-
8E6PXHOCMHO-AKMUBHbIX 8ewecms 0As adpecHol docmas-
KU AeKkapcmeeHHbIX gelecmsa. Mouck no covemaHuto caos
drug delivery u: 1 - liposomes; 2 - solid lipid nanoparticles;
3 - nanoemulsion; 4 - niosomes; 5 - multiple emulsion;
6 - hexosomes; 7 - cubosomes

Fig.2. Dynamics of publications on the use of thermodynamicly
unstable nanostructures with surface-active agents for precise drug
delivery. The search by the combination of words "drug delivery” and
1 - liposomes; 2 - solid lipid nanoparticles; 3 - nanoemulsion;
4 - niosomes; 5 — multiple emulsion; 6 - hexosomes; 7 - cubosomes

KnroueBslx caoB: drug delivery u HasBaHHMN HaHO-
CTPYKTyp: nanoemulsion (HaHo3Mynbcus), multiple
emulsion (MHOXecTBeHHas aMynbcus), solid lipid
nanoparticles (TBepable THIHAHBIE HAHOYACTHILBI),

polymer nanoparticles, polymeric
nanocapsules, polymer conju-
gates - medicinal substance, den-
drimers, protein conjugates with
medicinal substances;

4.inorganic mnanoparti-
cles - magnetic nanoparti-
cles, gold nanoparticles, silica
nanoparticles, titanium diox-
ide nanoparticles, calcium phos-
phate nanoparticles;

5. carbon nanoparticles - fullerens,
carbon nanotubes, nanodia-
monds, graphene;

6.objects of supramolecu-
lar chemistry - calixarenes,
cucurbiturils, cyclodextrines,
DNA-nanocontainers.

The given below list is not
exhaustive, we wanted to review
the most widely known nanostruc-
tures offered for precise drug deliv-
ery and evaluate the perspectives
of their application.

For the analysis of the inter-
est of scientists to the use of
self-organising nanostructures
of surface-active agents (surfac-
tants) for precise drug delivery we
studied the publications dynam-
ics by the combination of two
keywords: drug delivery and the
names of self-organising struc-
tures of surfactants - microemul-
sion, micelle and liquid crys-
tal. Due to the thermodynamic

stability of such nanostructures
there are advantages from the
point of view of technology - sim-
pler methods of manufacture,
correspondence of the properties
only to the composition of the
system and their independence
of the conditions of mixing of the
components, the long-term stor-
age capacity [6]. The above-men-
tioned advantages of self-organ-
ising nanostructures of surfac-
tants make them promising sys-
tems for precise drug delivery.
The results of the analysis of pub-
lications dynamics on this topic
for the period from 1997 to 2016
are given in Fig.1.

Vor.12 No.12019 NANO INDUSTRY
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liposomes (nmunmocomer), niosomes (HHOCOMBEL),
hexosomes (rexcocomsl) 1 cubosomes (Ky6ocomsr).

Kak BUIHO 13 IIpeCTaBJIeHHBIX JaHHBIX (pHc.Z),
Haubosbllee YHUCI0 My6IUKAIIMI CBSA3AHO C IPUMe-
HeHHeM JIUIIOCOM JJISI alpeCHON AO0CTaBKH JIeKap-
CTBEHHBIX BellleCTB. B mociegHUe HECKOJTbKO JIeT
e>kerofiHOe YMC/I0 Myb6IUKAIL UK 10 3TOM TeMe IIpe-
BoiIraeT 200, 3To boJbllle, YeM OJIS JIUePOB U3 I1ep-
BOM PaCCMOTPEHHOMU I'PYIIIEl - MULe/JI. JIMIIOCOMBI
ucciaenyoTcsa ¢ 60-x rogos 20 BeKa, IepBhie IIpes-
JIOKEHMU S I10 UX MCIIOIb30BAHHIO B KAaUeCTBE HOCH-
TeJlen JJIsl aipeCHOM OCTaBKU JIeKapCTBeHHBIX
BeIeCTB IIOSIBUJIKCEH B KOHIIe 60-X romoB. 1o IIpu-
MeHEeHHUIO IMIIOCOM JJIsI afpeCHOM NOCTaBKH HAKO-
IIJIeHO MHOI'O Hay4YHBIX JaHHBIX, obIlee Konuye-
CTBO IIyOIMKAILIUI 32 PACCMOTPEeHHBIH IIePHOJ, IIpe-
Beimaet 2300. B HacTosIee BpeMs CyLIeCTBYeT Psif
JIeKapCTBEHHBIX IIPenapaToB B JUIIOCOMAaJAbHOU
dbopme, paspelleHHBIX /51 KIUHHUYECKOIO IIPU-
MeHeHHS, HanpuMep AMbu3omMm (amboTepruLUH B
JIUTIOCOMAJIBHBIN), [JJOKCHII (OKCOPYOUIIMH THUIIO-
COMAaJIBHBIH), JlayHO30M (DayHOPYOHIIMH JIHIIO-
COManbpHBIM) U Ap. Kak mpaBuio, B Gopme JTUIIO-
COM IIPOM3BOJASTCS IPOTHBOPAKOBEIE IIPeaparhl,
IIOCKOJIBKY MMEeHHO CPeJCTBa I XMMHOTepalluu
obnamaroT Hauboee TAKeIBIMHU II060UYHBIMHU ek~
CTBUSIMH, U 6BIJI0O HEOOXOAMMO CHU3UTH UX IIPOSIB-
JIeHHEe U IIOBBICUTH 3O PEeKTUBHOCTh IIPUMEHIeMBbIX
JeKapcTBeHHBIX BelllecTB [8].

CrnenyoOUIMMHU 110 YUCIY NyOIUKALUN TeMaMU
B paccMaTpHBaeMOH TpyIIle HAaHOCTPYKTYP
SIBNISIIOTCS NPHUMeHEHHS TBepABIX JTUIHUAHBIX

HAHOYACTHUI, U HAHOIMYJIbBCHUN. B mocienHue
HeCKOJIBKO JIeT e>KeroJHoe YHCJIOo NYOIUKALUH 110
3THM TeMaM COCTaBJIseT NeCITKH, YTO CPAaBHHUMO
C IPUMeHeHHeM MHKPO3MYIbCHUH. ExXeromHoe
KOJIMYeCTBO My6IMKALUN II0 UCIOIb30BAHHUIO
IS A PEeCHOM NOCTABKU TaKHX CHUCTEM, KaK HHO-
COMBI, MHOKeCTBEHHBIe SMY/IbCHUH, T€KCOCOMBI U
Ky6OCOMBI, CyIIeCTBEHHO HUKe, YeM /IS TBePABIX
JTUIHUOHBIX HAHOYACTHUI, U HAHOIMYJIbCHH.

Eme omHa rpynna HAaHOCTPYKTYPUPOBAHHBIX
HOCHTeJIel JIeKapCTBEHHBIX BeIleCTB — 3TO CTPYK-
TYpPBl Ha OCHOBe OHMOCOBMECTHMBIX IIOJILMEPOB.
BUOJIOrHYeCKU COBMECTHUMBIMHU SBISIOTCI Te
IO MepBhl, IPUMeHeHHe KOTOPbIX He OKa3bIBaeT
BPeHOTO BO3eMCTBU S Ha JIOJel HUIH SKUBOTHBIX
BCJAEACTBHE MX IIOJHOrO BhIBeJeHUs, IIOCTEeIMeH-
HOT'O PaCTBOPeHM S UJIH NeCTPYKIUH B OpraHU3Me.
Cpelnu UCIIONb3yeMBbIX IIOJILMEPOB IIpeICTaBIEHBI
KaK BelecTBa GMOJOrUUYECKOT0 IIPOUCXOKIEHHU S,
HaInpuMep 6e/IKH U IIOJIMCAXaPHULBL, TAK U CHHTe-
THYeCKkHe OMOCOBMeCTHMBbIE IIOJIMMePBl, HAllpH-
Mep monu-D,L-MoJIOUHAs KHUCI0TA, COIOJIKMEP
MOJIOYHOH U TJIMKOJEBOM KUCJIOT, Moau-(6eH3uI-
L-acmmaprar), HOJUIU3UH U APYyTHe MOTHAMUHO-
KHCJIOTHI, IIOJTU3TU/IEHIIMKOIb U PSI APYTHX [9].

15t aHanM3a UHTepeca yUeHbIX K HUCIIONb30Ba-
HUIO IIOJIMMEPHBIX HAHOCTPYKTYP AJISI afpeCHON
NOCTaBKH JIeKAPCTBEHHBIX BelleCTB MBI pacCMo-
TpeJlHu JUHAMHKY NYOIHUKALIMH 10 COYeTAHHUIO
IBYX KIo4eBbIX c1oB: drug delivery u Ha3BaHUI
HAaHOCTPYKTyp Ha OCHOBe IIOTHMMepOB: polymer
nanoparticles (HaHOYaCTHUIBI MOJHUMEPOB),

The annual number of publica-
tions for all reviewed nanostruc-
tures of surfactants has been
increasing (see Fig.1). The great-
est number of publications is con-
nected with the use for precise
drug delivery such self-organiz-
ing nanostructures of surfactants
as micelles. In recent years the
annual quantity of publications
on this topic has surmounted 150
entries in the database. The second
in the number of publications topic
is the use of microemulsions, dur-
ing several recent years the annual
number of publications is dozens
of entries in the base. The interest
to the use for precise drug delivery

such systems as liquid crystals is
not sufficient, the annual number
of publications consists of about a
dozen entries in the database.
Thermodynamicly unstable
nanostructures with surface-
active agents also are offered as
carriers for precise drug delivery.
Among such systems it is possible
to single out two groups - deriv-
atives of emulsions and deriva-
tives of the liquid crystal phase.
The first group comprises nano-
emulsions (emulsions with the
droplet size less than 200 nm [7]),
multiple emulsions (droplets of
one dispersed phase, for example,
an aqueous phase, are dispersed
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in drops of a different dispersed
phase, for example, an oil phase,
and these drops in their turn are
dispersed in the continuous phase,
an aqueous phase, for example),
and solid lipid nanoparticles. Solid
lipid nanoparticles are obtained
via emulsification of the lipid melt
under the elevated temperature,
and while cooling of the emulsion
the droplets of lipids become crys-
tallized thus forming solid lipid
nanoparticles. The derivatives of
the liquid crystal phase comprise
well known liposomes, which can
be regarded as nanoscaled parti-
cles of the lamellar liquid crystal
phase, and less known hexosomes
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polymeric micelles (monumepHble MHULIeNTHI),
polymeric nanocapsules (monumepHsle HaHOKAII-
cynbl), polymer conjugates (monuMepHBle KOHBIO-
raTel), protein conjugates (6ekoBble KOHBIOTATHI) U
dendrimers (meHapuMepsl). [lonydeHHbIE Pe3yIb-
TATHI [IPe/ICTaBIeHbI Ha PUC.3.

J1s1 Bcex pacCMOTPeHHBIX II0JIMMePHBIX HaHO-
CTPYKTYPp HabnrogaeTcst pocT 4yKcia nybauKamui,
HO CKOPOCTH POCTA M e€KeTofHOe YHCIo mybnuKa-
LUH pa3nudanTcs (cM. puc.3). Haubonpiuee 4uciio
ny6IMKaL UK CBSI3aHO C IPUMeHeHHeM /ISl aJipec-
HOM JO0CTaBKH HaHOYACTHI] IIOJIMMEPOB. B mocien-
HHe HeCKOJIbKO JIeT eXXeTofHoe YHcJo mybnuka-
LIMH 110 3TOM TeMe IpeBbimaeT 200, 4To CpaBHUMO
C YMCJIOM [IJI MHUIe/JI, HO HeCKOJIbKO HHUKe, YeM
JJ1S1 TUIIOCOM.

CrenyOUIMMHU 110 YUCIY NyOIUKALUN TeMaMHU
B paccCMaTpHUBaeMOM IPyIIle HAHOCTPYKTYP
SBJsIeTCSI IPUMeHeHHe MOJIMMePHBIX MULEI,
MOJMMEPHBIX KOHBIOTATOB, 6e/J1KOBBIX KOHBIOTA-
TOB U IeHIPUMepPOB, B I10C/eJHHe HeCKOJIBKO JIeT
ekeroffHoe YHMCI0 My6JIuKauil coCTaBaseT OoT 50
70 100. Yucno ny6nuKaLUi C KIOYeBbIM CIOBOM
"o MepHble HAaHOKAIICY/Ibl" SABASETCS He3HA4YU-
TeJlbHBIM, He 6oee 10 B ron. B meysom mo IIpUuMe-
HeHMIO ITI0ITMMePHBIX HAHOCTPYKTYP /ISl afipeCHO
OOCTaBKHU JIeKapCTBEHHBIX BeIllleCTB HaKOIJIeHO
MHOI0 Hay4YHBIX JAHHBIX, HallpUMep KOJIU4YeCTBO
nybaukanmum 3a 1997-2016 rogsl Mo COYeTAHUIO
cnoB drug delivery u polymer nanoparticles mpessi-
mraet 1400. B HacTos1Iee BpeMs HEKOTOPhIe JIeKap-
CTBeHHBbIe IIperapaTsl Ha OCHOBE IOJIMMEePHBIX
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Puc.3. JuHamuka nybaukayul no npuMeHeHu noAumep-
HbIX HAHOCMPYKMYyp 045 ddpecHol 00cmasKku AeKapcmeeH-
HbiX 8eujecms. Mouck no coyemaHuto cnog drug delivery u:
1 - polymer nanoparticles; 2 - polymeric micelles;
3 - polymer conjugates; 4 - protein conjugates; 5 - dendrimers;
6 - polymeric nanocapsules

Fig.3. The dynamics of publications on the use of polymeric
nanostructures for targeted drug delivery. The search by
the combination of words "drug delivery" and: 1 - polymer
nanoparticles; 2 - polymeric micelles; 3 - polymer conju-
gates; 4 - protein conjugates; 5 - dendrimers; 6 - polymeric
nanocapsules

HOCHTeJeHn C pa3/IMYHOM CTPYKTypoH paspe-
nieHbl OJis1 KIMHHUYeCKOr'o IpUuMeHeHHU s, Hallpu-
Mep BUBHUTpO (IeKapCTBeHHOE BelleCTBO MMMO-
OMIM30BaHO Ha HOCHUTeJIe U3 COIIOMMEepa MOJIOoY-
HOM U ITTMKOJIeBOM KHCJIOTHI 3a CUeT HeKOBaJIeHTHBIX

and cubosomes - nanoscaled par-
ticles of the hexagonal and cubic
phases respectively. Niosomes also
belong to this group, they are the
analogues of liposomes formed
by bilayers of non-ionogenic sur-
face-active agents which are
esters of polyethylene glycol and
polydimethylsiloxanes.

Fig.2 represents the results of
the analysis of the dynamics of
publications by the combination
of two keywords: drug delivery and
the names of the nanostructures:
nanoemulsion, multiple emul-
sion, solid lipid nanoparticles,
liposomes, niosomes, hexosomes
and cubosomes.

As it becomes clear from the pre-
sented data (see Fig.2), the greatest
number of publications is connected
with the use of liposomes for precise
drug delivery. In recent years the
annual number of publications on
this topic has exceeded 200 which
is larger comparing to the num-
ber of the top-runners of the first
group that was reviewed - micelles.
Liposomes have been studied since
60s of the 20th century, the first
suggestions on their use as carriers
for precise drug delivery appeared at
the end of the 60s. A large amount
of scientific data on the use of lipo-
somes for targeted drug delivery
has been accumulated, the total

number of publications for the indi-
cated period has surpassed 2300.
Nowadays there exists a range of
medicinal preparations in the lipo-
somal form, approved for the clin-
ical use, for example AmBisome
(liposomal amphotericin B), Doxil
(Doxorubicin hydrochloride lipo-
some), Daunoxome (Daunorubicin
Liposomal) etc. As arule, anticancer
drugs are manufactured in the form
of liposomes, as namely the drugs
for chemotherapy have the most
severe side effects, and it was neces-
sary to decrease their manifestation
and improve the efficacy of the used
medicinal substances [8].

Vor.12 No.12019 NANO INDUSTRY
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Puc.4. JuHamuka nybaukauyuli no NpuMeHeHU HeopzaHu-
YecKkux HaHoyacmuy, 0As adpecHol 00CmMasku AekapcmeeH-
HbiX eewecms. [Touck no couemaHuto cnog drug delivery u:
1 - magnetic nanoparticles; 2 - gold nanoparticles;
3 =silica nanoparticles; 4 - calcium phosphate nanoparticles;
5 - titanium dioxide nanoparticles

Fig.4. The dynamics of publications on the use of inorganic nanopar-
ticles for precise drug delivery. The search by the combination of
words "drug delivery" and: 1 - magnetic nanoparticles; 2 - gold
nanoparticles; 3 - silica nanoparticles; 4 - calcium phosphate
nanoparticles; 5 - titanium dioxide nanoparticles

B3aMMOJIeHCTBUI), [leracuc (KoHBbIOTAT, 06pa3oBaH-
HBIHM 33 CUET XHMHUYECKOM CBSI3U MOJHUITHJIEHTIH-
KOJIS U a-HUHTepdepoHa) U Ip.

CrenyomKUi Doaxol K pa3paboTKe HOCHUTe-
el O/ aJpecHOM NOCTaBKM JeKapCTBEHHBIX

BeIlleCTB 3aK/II0YaeTCsl B IPUMEeHEeHUH HeOpraHHu-
YeCKUX HaHOUACTHUI]. TaKHe YaCTUIIbI JOTKHBI OBITH
XUMUYECKU UHEePTHBIMHU U HETOKCHYHBIMH, OHU
JOJIKHBI BBIBOJUTHCS U3 OPraHM3Ma, He HaKaIlJIu-
BaThCS B [IeYEHH, [TOYKAX, cele3eHKe U IPYIUX Opra-
Hax. Eciu BemecTBO B GopMe MaKpOYacCTHL yIOBIIET-
BOPSIET STHM YCJIOBHUSIM, TO AJISI HAHOYACTHUI] MOTYT
IIPOSIBISITHCSI PA3IUYHBIe TOKCHYeCKHe 3)PeKTHI,
KOTOPbIe 3aBUCST OT [I03bl, IIYTH BBeIeHUS U pas-
Mepa yacTul. Ha KjeTouHOM ypoBHe Hanbosee 4acTo
HAHOYACTHI[BI METAJIIOB K OKCH/IOB BBI3BIBAIOT OKHC-
JTUTeIBHBIH CTpecc (IOBpeXKAeHHe KIeTKH B Pe3yib-
TaTe IIPOLeCCOB OKUCIeHU I OHOMOIIEKYII), Ha yPOBHE
TKaHeHN M BCero OpraHu3Ma HabMI0ga0TCs BOCIIAIH-
TelbHBIe peak KU [10]. BTopas mpobiema HCII0Tb30-
BaHU S HEOPTaHUYECKUX HAHOUACTHULL IJIS1 A[PECHOH
JOCTABKH JIEKAPCTBEHHBIX BEIECTB 3aK/II0YAETCS B
NpefOTBpPAleHUU arperaluu 4acTtull. [yis 3Toro
HeOopraHWYecKHe HAHOYACTUIbI IIOKPHIBAIOT CJI0EM
cTabuim3aropa - IOBepXHOCTHO-aKTUBHOI'O BELeCTBA
HJIM TUIPOGUIBHOTO IIOTHMePa.

MBI paccMOTpeny JUHAMHUKY Hay4IHBIX ITy6IH-
KaIlMH{ 10 COYeTAHUIO JBYX KIIOUYEBBIX C/I0B: drug
delivery v Ha3BaHMI I'PYIII HeOPraHUYeCKHUX HAHO-
JacTul: magnetic nanoparticles (MarHuTHBIe
HaHo4acTHuIlbl), gold nanoparticles (HaHo49acTHIIEI
30510Ta), silica nanoparticles (HaHO9acTHIIBI AHOK-
cuzpa kpemuus), calcium phosphate nanoparticles
(HaHOUYacTUIIB hochaTa Kaabius), titanium dioxide
nanoparticles (HaHOYACTHUIBI ZUOKCHUIA TUTAHA).
Pe3yabpTaThl aHANKM3a JUHAMHUKY Ny6IHUKALIUT
IIpHBe/IeHbl Ha pUC.4.

The next topics according to the
number of publications in the stud-
ied group of nanostructures are
the use of solid lipid nanoparti-
cles and nanoemulsions. In recent
years the annual number of publi-
cations on these topics comprises
dozens which is comparable to the
application of microemulsions. The
annual number of publications on
the use for precise drug delivery of
such systems as niosomes, multi-
ple emulsions, hexosomes, cubo-
somes is drastically lower than the
use of solid lipid nanoparticles and
nanoemulsions.

Yet another group of nanostruc-
tured carriers of drugs are the

structures based on biocompatible
polymers. Biologically compatible
are those polymers the application of
which causes no harmful influence
on people or animals as the conse-
quence of their total elimination,
gradual dissolution or degradation
in the body. Among the used poly-
mers there are substances of biologi-
cal origin, for example proteins and
polysaccharides, as well as synthetic
biocompatible polymers, for exam-
ple poly-L-lactic acid, poly-D-lactic
acid, copolymer of lactic and glycolic
acids, poly-B-benzyl-L-aspartat, poly-
lysine and the other polyaminoac-
ids, polyethylene glycol and a variety
of others [9].
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For the analysis of the interest
of scientists to the use of polymeric
nanostructures for precise drug
delivery we have studied the publica-
tions dynamics by the combination
of two keywords: drug delivery and
the names of nanostructures based
on polymers: polymer nanoparticles,
polymeric micelles, polymeric nano-
capsules, polymer conjugate, pro-
tein conjugats and dendrimers. The
obtained results are shown in Fig.3.

In all reviewed polymeric nano-
structures there has been an
increase in the number of publica-
tions, but the speed of the growth
and the annual number of publica-
tions are different (see Fig.3). The
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HAHOTEXHONOrMu

M3 nmpuBefeHHBbIX HA PUC.4 JaHHBIX BUJHO, YTO
ekeroflHoe YMC/I0 Nyb6auKauK A1 60IbIIMHCTBA
paccMOTpeHHBIX HaHOYACTHUIL Bo3pacTaeT, IIpHU
3TOM KOJIMYeCTBO IIyOIHMKAI UK CyIIeCTBEHHO pa3-
nuvaeTcsi. Haubonpmee yucio ny6auKaI UKl CBS-
3aHO C IPUMeHeHHeM /151 alpeCHOM JOCTaBKU Mar-
HUTHBIX HaHOYACTHI]. B mociegHHUe HECKOJbKO
JIeT eKerofHOoe YHC/I0 IYOIUKALHUH 110 3TOH TeMe
npesbimaeT 130, 4To HUXKe, YeM JJIs JIMJEPOB I10
YHUCIYy NY6IUKALNUEA U3 APYTHUX PAaCCMOTPEHHBIX
rpynmn - muuenna [IAB, TUIIOCOM M HaHOYACTHIL
II0JILMEpPOB.

ClefyOIMKUMHU 10 YHUCTY NYOIUKALIUK TEeMaMU B
paccMaTpUBaeMOMU IPyIlIle HAHOCTPYKTYP SIB/SIeTCS
IpUMeHeHHe HAHOYaCTHIL 30/I0Ta U HAHOYACTHUIL
JOUOKCHUA KPeMHHU S, B [I0C/IeJHHUE HeCKOJIbKO JIeT
eXeroJHoe YHC/I0 NybIuKAIUKI COCTaBIsIeT 0T 50
o 100. Yucno ny6nm<au1/1171 I10 IPUMEeHEeHHIO 15
a/IpecHOM JOCTaBKH JIeKapCTBEeHHBIX BelleCTB HAaHO-
qyacTull pocdaTa KaJabL U SIBJISIETCS HE3HAUYUTEIIb-
HBIM, He 6osee 20 B rof, 10 IPUMEHEHHIO HAHOYa-
CTHUI] JUOKCH/dA THUTAaHA eCTh TOJBKO eTUHHUYHbBIE
ny6IuKaIKH.

OTMeTHM, YTO 3HAYHMOe KOJTHYeCTBO IIy6IH-
Kauuu (bonee 15 B rof) 1o NIprMeHeHHUIO Heopra-
HHUYeCKUX HaHOYACTHIL /IS afpeCHOMN AOCTaBKU
JIeKapCTBEeHHBIX BeIeCTB ITOSABJISETCSA TOJbKO
nociae 2005 roga A1 MAarHUTHBIX HaHOYACTHI]
U nociae 2009 roma - O HAHOYACTHUILL 30/I0Ta
U JUOKCHJIA KPeMHHSA. B KIMHHYECKYO IIpak-
THUKY JIeKapCTBeHHBbIe IIperaparThl, I'ie B KayecTBe
HOCHTes AJI5 alpeCHOM JOCTaBKH HCIIOIb3YIOTCS

HeOpraHHWYeCKHe HAHOYACTHUI[B, He BOLIJIH.
B HacTosiee BpeMs CyleplapaMarHUTHBIE HAHO-
YaCTHILBI OKCH/IA SKejle3a UCIIOIb3yI0TCS B KauecTBe
KOHTPACTHBIX BeIleCTB )11 MATHUTHO-Pe30HAHC-
HOU TOMOIrpadrH, HAaIIPUMep IperapaTsl Pe30BUCT
U DHIOpeM.

B oTAenbHYIO TPyNIly MBI BRIAEIHIHN Iy6IHUKa-
LU, TOe OJIs1 afpeCHON JOCTaBKU JIeKapCTBEeH-
HBIX BeIeCTB IpeAIaralTcs yIriepofgHble HAHO-
YaCcTHULBI - Qy/IIepeHsl, YIIepogHble HAHOTPYOKH,
HaHoa/lIMa3sl U rpadeH. TpeboBaHUS K yIIepos-
HBIM HaHOYACTHIIAM, KaK HOCUTe/SIM JJIsl afpec-
HOM OCTaBKHU JTeKapCTBeHHBIX BelleCTB, aHAJIO-
TUYHB TPeOOBAHUSM K HEOPTaHHYECKHUM HAHO-
YacTUIlaM. MBI pacCMOTpeau JUHAMUKY Iy61u-
KaIUH 110 COYeTAHUIO ABYX KIIOYEBBIX CJIOB:
drug delivery m Ha3BaHUUN yriepogHBIX HAHO-
CTPYKTYyPp: carbon nanotubes (yraepoaHsie HaHO-
Tpybxu), graphene (rpaden), fullerenes (dpynie-
peHsl), nanodiamonds (HaHOa1Mas3bl). [lonydyeHHBIE
pe3yJbTaThl Ipe/iCTaBIeHEl Ha PUC.5.

ExeromHoe 4Mca0 My6MUKALKUK s paccMo-
TPeHHBIX YIJIePOAHBIX HAHOUYACTHIL BO3PaCTaeT, HO
KOJIMYeCTBO NMyOIUKALIMI U CKOPOCTh POCTa Pa3iu-
yaroTcs (puc.5). MHTepec K UCIIOJIb30BAHUIO TAKUX
HAaHOCTPYKTYP AJIS a4 PeCHOM JOCTABKHU JIeKAPCTBEH-
HBIX BellleCTB BO3HUK HeJaBHO. 3HaUKMMoOe KoJIHhve-
cTBO mybnukanui (6onee 15 B rox) A1s yIIepogHBIX
HaHOTPYOOK MOSB/sIeTCsl TONBKO mmocae 2008 roza,
a mis rpadena - mociie 2013 roga. Takasg ITHHaAMHKKaA
CBSI3aHa C BBICOKUM HMHTEPeCcoM yUeHbIX Pa3/THIHBIX
CIIeLIMaJIBHOCTEH K HOBBIM CTPYKTypaM yIJepofa.

largest amount of publications is
connected with the use of nanopar-
ticles of polymers for the precise
drug delivery. In recent years the
annual number of publications on
this topic has exceeded 200 which
is comparable with the number of
micelles, but is slightly lower than
of liposomes.

The succeeding in number of pub-
lications topics in the studied group
of nanostructures are the use of
polymeric micelles, polymer conju-
gates, protein conjugates and den-
drimers. In recent years the annual
number of publications has fallen
between 50 and 100. The number
of publications with the keyword

"polymeric nanocapsules” is insig-
nificant, not more than 10 in a year.
Generally, large volumes of the sci-
entific data on the use of polymeric
nanostructures for precise drug
delivery have been accumulated,
for example the number of publica-
tions between 1997 and 2016 by com-
bination of words drug delivery and
polymer nanoparticles exseeds 1400.
Nowadays there are several medici-
nal preparations based on polymeric
carriers approved for the clinical
use, for example Vivitrol (the drug
is immobilized on the carrier of the
copolymer of lactic and glycolic acids
by means of noncovalent interac-
tions), Pegasys (conjugate formed
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by the chemical bond between poly-
ethylene glycol and alpha interferon)
and so on.

The next method for the devel-
opment of carriers for precise drug
delivery comprises the use of inor-
ganic nanoparticles. Such parti-
cles must be chemically inert and
non-toxic, they must be elimi-
nated of the body without accumu-
lation in the liver, kidneys, spleen
and other organs. If the substance
in the form of macroparticles cor-
responds to these conditions then
in the nanoparticles there might
appear toxic effects which depend
on the dose, ways of administra-
tion and the size of the particles.
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HecMoTPps Ha TO, YTO U OJHOCIONHBIE, I MHOTOCJION-
HBble yIJepoJHble HAHOTPYOKHU SBISIOTCS TOKCHY-
HBIMHU [10], KoIM4YecTBO NMY6IKUKALIMK 110 HUCIIOJNb-
30BAHUIO YITI€POJHBIX HAHOTPYOOK /s aipecHOM
NOCTaBKH JIeKAaPCTBEHHBIX BEIIeCTB B MOCTeJHUE
rozibl cocTaBisieT 6oee 40 eIUHULL B TOJ, U IIPOJOJI-
skaeT pacTH. MHTepecoM K HeIaBHO OTKPBITOMY I'pa-
deHy 06BSICHSIETCS pe3KUI POCT KOJIMYeCcTBa Iy61u-
KallMH 1o couetaHuo coB drug delivery u graphene
(rpadeH), cpenHee BpeMs YABOEHUS YHCIa Mybau-
Kalu¥ coctaBiser 2,1 roga. Yuciao nybnukanum
10 IPUMeHEeHHIO /ISl alPeCHOM J0CTaBKU JIeKap-
CTBEHHBIX BelleCTB HaHOAJIMa30B U QylIepeHOB
SBJISeTCS He3HAUYUTeIbHBIM, He 6osee 10 B roz.
B mpakTUYeCKy0 MeJUIIMHY HU OJHA U3 PACCMO-
TPEeHHBIX HAHOCTPYKTYP yIJIepoza He BOIILIA.

B mocienHIOK0 M3 pacCMaTpPHUBaeMBIX TPYIII
MBI BKJIIOUYUIN 00BEKTHl CYIIPaMOIeKyISIPHOM
XUMUHU. [IppMepaMu 06eKTOB CyIIPaMOJIEKYISIP-
HOU XMMUHU, NPeII0KeHHBIX B KAUeCTBe HOCUTe-
JIefl T1eKapCTBEHHBIX BEIeCTB, SIBISIOTCS KPYIIHBIE
OpraHHMYeCcKHe MOJIeKYJIBl, UMeIOIlhe BHYTPeH-
HIOIO ITOJIOCTh U CIIOCOOHEBIe K 00pa30BaHUIO KOM-
[IJIeKCOB THUIIA 'TOCTh-XO35MH'", TAKHMe KaK KaJIUK-
CapeHbl, KYKYpOUTYPHUIIbI, IIUKIOLEKCTPHUHBL. DTH
MOJIEKY/IBl BBICTYIAIOT B POJIHM "HAaHOKOHTeHHe-
POB", KOTOpBIE ITPH OIIpe/leJIEHHBIX YCIOBUSIX MOTYT
BBIZIE/ISITh MOJIEKYJy IeKAaPpCTBEHHOTO BellleCTBa U3
BHYTpPeHHe! II0JI0CTH B OKPY>KAOIIYI0 Cpeay. B aTy
5Ke TPYIIYy MBI BKIIOYHJIHN "HAHOKOHTEHHEepH',
obpa3oBaHHBIe U3 KOPOTKHUX Lenovyek JHK, koTo-
pble monyd4aioT MetomoMm "JHK-opuramu" [11]. Ha
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Puc.5. lJuHamuka nybaukauuli no npuMeHeHUto y2nepooHbixX
HaHocmpykmyp 045 adpecHol 00CmMasKu AeKapCcmeeHHbIX ee-
wecma. Mouck no couemaruto cros drug delivery u: 1 - carbon
nanotubes; 2 - graphene; 3 - fullerenes; 4 - nanodiamonds
Fig.5. The dynamics of publications on the use of carbon nano-
structures for precise drug delivery. The search by the combination
of words "drug delivery” and: 1 - carbon nanotubes; 2 - graphene;
3 - fullerenes; 4 - nanodiamonds

pHC.6 IMOKa3aHa AUHAMHUKA Y6IHUKALIUI 110 covue-
TaHUIO IBYX K/II0OUeBbIX C/10B: drug delivery u cios:
cyclodextrins (nukgomeKcTpuHEI), calixarenes
(kanukcapensl), cucurbiturils (kykypb6uTypub),
DNA-nanocontainers (IHK-HaHOKOHTelHepsl), DNA
origami (JHK-opurammu).

Kak BUHO 13 ITpeJICTaBIeHHBIX JAHHBIX (PUC.6),
TOJIBKO 10 IPUMEHEHHUIO IIUKJIOLeKCTPUHOB A

On the cellular level most often
nanoparticles of metals and oxides
cause oxidative stress (a damage of
the cell as a result of the processes
of oxidation of biomolecules), on
the level of tissues and the whole
body the inflammatory reactions
are observed [10]. The second prob-
lem in the application of inorganic
nanoparticles for precise drug
delivery consists of the prevention
of particle aggregation. For this
purpose inorganic nanoparticles
are covered with a layer of a sta-
biliser - a surface-active agent or
hydrophilic polymer.

We have studied the dynamics
of the scientific publications by the

combination of two keywords: drug
delivery and the names of the groups
of inorganic nanoparticles: mag-
netic nanoparticles, gold nanopar-
ticles, silica nanoparticls, calcium
phosphate nanoparticles, titanium
dioxide nanoparticls. The results of
the analysis of publications dynam-
ics are given in Fig.4.

From the given in the fig.4 data
it is seen that the annual num-
ber of publications for most studied
nanoparticles has been increasing
taking into account that the quan-
tity of publications drastically dif-
fers. The largest number of publica-
tions is connected to the use of mag-
netic nanoparticles for precise drug

delivery. In recent years the annual
number of publications on this topic
has exceeded 130 which is lower
than the front-runners in the num-
ber of publications from the other
reviewed groups - micelles surfac-
tants, liposomes and nanoparticles
of polymers.

The next in the number of publi-
cations topics in the studied group
of nanostructures are the use of gold
nanoparticles and silica nanopar-
ticles. In recent years the annual
number of publications has fallen
between 50 to 100. The number of
publications on the use of calcium
phosphate nanoparticles for pre-
cise drug delivery is insufficient,
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Puc.6. JuHamuka nybaukauul no npumeHeHU 06veKmos
cynpamonekyAsspHol xumuu 0As adpecHol docmasku Ae-
KapcmeeHHbix geuecma. Mouck no coyemanut cnoe drug
delivery u: 1 - cyclodextrins; 2 - calixarenes; 3 - cucurbiturils;
4 - DNA-nanocontainers; 5 - DNA origami

Fig.6. The dynamics of publications on the use of the objects
of supramolecular chemistry for precise drug delivery. The
search by the combination of words "drug delivery" and:
1 - cyclodextrins; 2 - calixarenes; 3 - cucurbiturils; 4 - DNA-
nanocontainers; 5 - DNA origami

aipecHOM MOCTaBKM JIeKaPCTBeHHBIX BeIecTB
HMeeTCs CyImeCTBeHHOe KOTM4YeCTBO Mybnuka-
L1, Bcero 6osee 680 emuHUILL. EsRerogHoe Koauye-
CTBO NybIHMKAaLIMH 10 3TOM TeMe pacTeT, B [IOCIe]-
HHe HeCKOJIbKO JleT ybirKyeTcs 6omee 70 pabot

Ka>KIbIN rofl. LIUKIOLeKCTPUHEIL IBIISIOTCS LIUKIIH-
YeCKHMHU OJIUTOMepPaMU I[JIIOKO3bl, UX I10JYYalOT
M3 KpaxMaJa U HCIIOJNb3YIOT B IIUIEeBOHN U KoCMe-
THYeCKOH IIPOMBIINIJIEHHOCTH. [II51 BCeX OCTaJIb-
HBIX PACCMOTPEHHBIX COUeTaHHUH KII0UeBbIX C/I0B
HMeIOTCS eIMHUYHbe Ny6JIHUKAaLUU, B OCHOB-
HoMm mmocie 2011 roga. TakuMm o6pa30M, 3a UCKJIIO-
YeHHEM LIUKJIOLeKCTPHUHOB, IPUMeHeHHe 00b-
eKTOB CYIIPaMOJIEKYJISPHON XUMHUHU OJIs ajpec-
HOM AOCTAaBKH JIeKAPCTBeHHBIX BeIeCTB SIBISeTCS
HeJ0CTATOYHO M3y4YeHHOM 06/1acThi0. BO3MOXHO,
3TO 06BSICHSIETCS CIOSKHOCTHIO CUHTE3a TAKUX Opra-
HHUYeCKUX MOJIEKYII.

Yro6bl BRISIBUTH Hauboiee IepCclIeKTUBHEBIE U
OBICTPO pa3BUBAIOIIHECS [IOAXOIBI 10 IIPUMEHEeHUI0
HAHOYACTHUI, ¥ HAHOCTPYKTYP AJIs1 HAIIPAaBI€HHOI 0
TPaHCIIOPTA JIEKAPCTBEHHBIX BeIlleCTB, OBII0 ITpOBe-
JeHO CpaBHeHHe JUHAMHUKH HayYHBIX IYOTUKALIUHA
II0 IBYM IIOKa3aTessiM - CpeflHeMYy BpeMeHHU Y[ BO-
eHHUS YHC/Ia Ny6nMuKanum U obmeMy KoJTUYeCcTBY
ny6IuKAL MK 32 pacCMaTpPHUBaeMbIN IIeprof (CM.
Tabs.1l). Obmee uncno nybnukanun (N) gaet Bo3-
MO>KHOCTH OLIeHUTh 06’beM HAaKOIJIEHHON Hay4YHOM
HnHbGOpPMAIUU [I0 pacCMaTpUBaeMou npobiaeme,
a cpenHee BpeMs yABoeHHU4 (t,, JIeT) XxapaKTepH-
3yeT MHTepeC YUeHbIX K JAHHOMY HaIlPaBJIeHHUIO
HccaefoBaHUM. Hanpumep, cpefiHee BpeMs yIBoe-
HUS YHCIa TyOIUKAUI O/ KJII04eBBIX CJI0B drug
delivery cocraBinsier 6,3 roma, a 415l HAIIpaBIeHHUS
drug nanocarriers (HaHOCTPYKTYypHUPOBaHHbIE HOCH-
TeJIM JIeKAapCTBEHHBIX BelnecTs) - 1,9 neT. CpegHss
BeJIMYHMHA U, A1 IBYX YKa3aHHBIX HAaIlPaBJIeHUH

not more than 20 in a year, on the
use of titanium dioxide nanoparti-
cles there are only isolated cases of
publications.

It should be noted that the signif-
icant number of publications (more
than 15 in a year) on the use of inor-
ganic nanoparticles for precise drug
delivery appears only after 2005 for
magnetic nanoparticles and after
2009 for gold nanoparticles and sil-
ica nanoparticles. In the clinical use
the medicinal preparations where
inorganic nanoparticles as carriers
for precise drug delivery are used
were not included. Nowadays super-
paramagnetic nanoparticles of iron
oxide are used as contrast agents for

magnetic resonance imaging, for
example preparations Resovist and
Endorem.

Into the separate group we
allocated the publications
where for precise drug deliv-
ery carbon nanoparticles are
offered - fullerenes, carbon nano-
tubes, nanodiamonds and gra-
phene. Requirements for carbon
nanoparticles as carriers for pre-
cise drug delivery are analogous
to the requirements for inorganic
nanoparticles. We have studied the
dynamics of publications by the
combination of two keywords: drug
delivery and the names of carbon
nanostructures: carbon nanotube,

HAHO MHOVCTPHA Tom 12 Ne1 2019

graphene, fullerenes, nanodia-
monds. The obtained results are
given in Fig.5.

The annual number of publi-
cations of the reviewed carbon
nanoparticles has been increas-
ing but the number of publica-
tions and their speed growth
differ (see Fig.5). The interest
to the use of such nanostruc-
tures for precise drug delivery
has appeared recently. The sub-
stantial number of publications
(more than 15 a year) for carbon
nanotubes appears only after
2008, and for the graphene only
after 2013. Such dynamics is con-
nected with the great interest
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Ta6auua 1. O6Luee Yucno nybauKauul u cpedHee 8pems ydsoeHUs Yucaa nybauKayuli no npu- of scientists of different speci-
MeHeHU0 HaHo4acmuu, u HaHocmpykmyp 04 adpecHoli d0cmasKu AeKapcmeeHHbIX 8eLiecms alities to the new structures of
Table 1. The total number of publications and the mean time of doubling of the number of ~ carbon. Despite the fact that
publications on the application of nanoparticles and nanostructures for targeted drug delivery both monolayered and multilay-

Bpems O6wwee uncno ny6u- ered carbon nanotubes are toxic

Drug delivery + Knio4eBoe c/ioBo yABOEHMS (tzl))'linneg-r Total :zlrmfle(rNgf bub- (10], the number of publications

Drug delivery + keyword Time of dou
d YRSV (t2),years lications (N) on the use of carbon nanotubes

for precise drug delivery has
Group 1: the slow growth, large number of publications recently comprised more than

1rpynna: MegaeHHbIn pocT, 60bLIOe YACIO NybanKaLmmn

polymer conjugates 47 642 40 entries for a year and is still
growing. The newly discovered

cyclodextrins 4,7 685 .
; . graphene is held accountable for
microemulsion 5,4 415 R . .

- : the interest of scientists and the
protein conjugates 2 gl sharp increase in the quantity
liposomes 7 — of publications by the combina-

2 rpynna: 6bICTPLIN POCT, 60/IbLLIOE YN0 NyBAMKaL NI tion of words: drug delivery and

Group 2: the rapid growth, large number of publications graphene, the mean time of dou-

magnetic nanoparticles 2,1 999 bling of the number of publica‘
tions makes 2,1 years. The num-
ber for publications on the use
polymer nanoparticles = e of nanodiamonds and fullerenes
for precise drug delivery is insuf-

silica nanoparticles 2,4 416

solid lipid nanoparticles 2,9 408 o
ficient, not more than 10 a year.
dendrimers 3.5 467 None of the reviewed nanostruc-
polymeric micelles 3,6 635 tures of carbon is adopted into
micelle 4] 1631 the practical medicine.
3 rpynna: 6bICTPbI POCT, Maoe YUC0 NyBANKALUIA The last of the studied groups
Group 3: the rapid growth, small number of publications includes the objects of supramo-
graphene 2,1 176 lecular chemistry. The examples
carbon nanotubes ) 348 of thg objects of supramolecqlar
‘ chemistry offered as the carriers
nanoemulsion 2,6 257 K R
: of drugs are massive organic mol-
gold nanoparticles 2,6 345 . . .
ecules which have an inner cavity
nanodiamonds 3.9 4

and are capable of forming inclu-
4 rpynna: MeAneHHbIM POCT, Manoe YMcio nybamkaumnm sion complexes as "host-guest”,

Group 4: the slow growth, small number of publications . .
such as calixarenes, cucurbitu-
calcium phosphate nanoparticles 4.8 70 rils, cyclodextrines. These mol-
ecules serve as "nanocontainers"”
which under certain conditions
polymeric nanocapsules 5,5 72 can release the molecule of the
drug from their inner cavity into

fullerenes 5 53

niosomes 2l 133 the environment. To this group
multiple emulsions g e we also allocated "nanocontain-
liquid crystals 8.5 130 ers" formed of short strands of
cubosomes 9,6 32 DNA, which are obtained by the
calixarenes 18,8 n "DNA-origami" method [11]. In

figure 6 the dynamics of pub-
nanoparticles of titanium dioxide 227 12 lications by the combination
I 392 3 of keywords: drug delivery and
DNA origami 39,2 c words: cyclode{(trlr}s, calix-

arenes, cucurbiturils, DNA-
hexosome 55,4 9 . . ..

nanocontainers, DNA origami 1s
DNA-nanocontainers - 2

shown.
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NANOTECHNOLOGIES

cocraBisgeT 4,1 rona. CpeaHee KOJIHUYECTBO ny6m/11<a-
uuH N 715 BceX pacCMOTpPeHHBIX B Tabi.1 HampaBsiie-
HUHM HCCIegOoBaHUM cocTaBnsgeT 410. OCHOBBIBASICH
Ha 3THUX BeJIMUHMHAX, HAIPAaBJIeHU S UCCIef0BAaHHU U
MOXKHO pa3Je/iMTh Ha YeThblpe IPYIIIIbL:

1. Me[JIeHHBIN PoCT, 60sbIIOe YHC/IO MYb6IUKAL UK

(t,>4,1; N>400);

2. BBICTPBII POCT, HosbIIoe uKcIo nybnukanu (t,<4,1;

N>400);

3. BBICTPBIF POCT, MaJioe YUC/IO NybnuKanum (t,<4,1;

N<400);

4. MelJIeHHBIM POCT, Majoe YHCJI0 MyOIUKALUMI

(t,>4,1; N<400).

B nepBylo IpyIIly, XapaKTepHU3YOUYIOCS OTHO-
CHUTEJIBHO MeJJIeHHBIM POCTOM U GOTBIIMM YHCIOM
ny6IMKaL M, BOITH HAHOCTPYKTYPBI, KOTOPBIE ITPefi-
JIOKeHBI [JJIS aJpeCHOM AOCTAaBKH JIeKAPCTBEHHBIX
BemecTB bojtee 30 jIeT Hasa, TaKUe KaK JTHUIIOCOMBI,
MHULE/JIBl, MUKPO3MYJIbCUU U KOHBIOTATHI JIeKap-
CTBeHHBIX BeIlleCTB C II0JIMMepaMHU, B TOM YHCIIe C
OeIKaMH.

BbIBO/1bl

CorsacHO LaHHBIM, IPUBeLeHHBIM B Tabn.1, Hau-
Bosiee BocTpeGOBaHBI HA CETOAHSIIHUME IeHb (T.e.
XapakTepusyouiuecss 6BICTPHIM POCTOM KOJIH-
YecTBa Nyb6JMKAUIKUKA M 60OJBIIKUM OOIIMM YHC-
oM mybIMKAIMI) TakKHe HallpaBleHHUs HCCIIe-
NOBAaHUM, KaK NPUMEeHeHHUEe [OJsl afpPecHOH
NOCTABKHU JIEKAaPCTBEHHBIX BEIeCTB MAaTHUTHBIX
HAHOYACTHUI, HAHOYACTHUIL ZUOKCHUA KPEMHHUS,
HAHOYACTHUL] IOJIUMEPOB, TBEPABIX JUIIUIHBIX

HAaHOYaCTHUI, AeHAPHUMEpPOB, IOJIHMEePHBIX
MHIeJI U MHUIIeNI] IIOBePXHOCTHO-aKTHBHBIX
BeIeCTB. MOKHO IIPOrHO3UPOBATh, YTO B 6T KaH-
mue 10-20 yeT 5THU HalpaBaeHUs OYAyT U Jajiblle
pPa3sBUBATLCS, HO, BEPOSATHO, C 6ojlee HU3KOM CKO-
POCTBIO POCTA YMCJIA yOIUKALMH, KOTOPAs XapakK-
TepHa [J1sl HallpaBJIeHUH U3 [IepBOM T'PYIIIIHL.

Jnsi psoa HallpaBlIeHUN U3 TPeTbel TPYIIIIEI
(BBICTPBII poCT, MajIoe YHCJIO My6IuKaLKE) B 611-
skapre 10-20 j1eT MOSKHO OKUAATh 3HAUMTEIbHBIH
pocT ob1mero yucaa ny6IMKaLKi, TO eCTh IIepexof,
BO BTOpYIO rpymmy. 9To 6ymeT o6yc/ioBl1eHO IOy~
YeHHeM HOBBIX Ba’KHBIX Pe3yJbTATOB, IIOSIBJIE-
HUS 'ITPOPBIBHBIX METOIOB K TeXHOJIOTHH. [lpyrue
HaIlpaBJIeHUS M3 3TOH IPYIIIBI, BO3MOXKHO, IIepe-
CTaHYT IIPUBJIEKATh BHUMAaHHUe, U e5KerofHOe YHCIIO
ny6IUKALKE 10 HUM 6yZeT pacTH MeJJIeHHO U
COKpAINAThCS.

HanpaBieHUSs, BbeIeHHble B YeTBEPTYIO
TPYIIIY, SBISIOTCS ITOMCKOBBIMH, OHH CBSI3aHBI
C IpUMeHeHHeM [JIsl afpeCHON JAOCTaBKU HeJo-
CTAaTOYHO M3y4YeHHBIX HAHOCTPYKTYp. B 6nmskamn-
mue 10-20 et 4acTh U3 HUX, BO3MOXKHO, IIepecTa-
HeT IIPUBJIEKAaTh BHUMaHHe yUYeHbIX, U paboThl 10
HHUM IIpeKpaTaTcs. Jlpyrasi 4acTb HallpaBlIeHUH U3
YeTBepPTOU IPyIIIbl OyeT pa3BUBATHCS, HO OTHOCH-
TeJbHO MeJJIeHHO, 6e3 "B3pbIBHOr0" pocTa, Xapak-
TEePHOTIO JJIs1 TPeThel I'PyIIbl. HekoTopsle IOMC-
KOBBbIe MCCIe[IOBAHUSI, BXOASIIHE Celyac B UeTBep-
TYIO TPYIIIy, IPHUBEAYT K IIOJYUeHHUIO HHTEePeCHbIX
U BaKHBIX Pe3yJIbTaTOB, IPUB/IEKAIOMINX BHIMaHUe
yUeHBIX. TO IpPUBeJEeT K 6BICTPOMY POCTY UHCIA

As seen from the depicted data
(see Fig.6), only on the use of
cyclodextrins for targeted drug
delivery there is a substantial
number of publications, more than
680 entries totally. The annual num-
ber of publications on this topic has
been increasing, in recent years 70
papers have been published each
year. Cyclodextrenes are the cyclic
oligomers of glucose, they are
derived from starch and are used
in the food and cosmetic indus-
try. Separate publications mainly
after 2011 can be observed for the
remaining studied combinations of
the keywords. Thus with the excep-
tion of cyclodextrins the use of the

objects of supramolecular chemis-
try for the precise drug delivery is
an insufficiently researched field.
It is possible to be attributed to the
complexity of the synthesis of such
organic molecules.

To elicit the most favorable and
rapidly developing approaches on
the application of nanoparticles
and nanostructures for precise
drug delivery the comparison of
the dynamics of scientific publi-
cations has been conducted by the
two parameter - the mean time of
doubling of publications and the
total number of publications for
the indicated period (see Table 1).
The total number of publications

(N) provides opportunity to assess
the amount of accumulated scien-
tificinformation on the researched
problem, and the mean time of
doubling (t, years) characterizes
the interest of scientist to the cho-
sen research area. For example the
mean time of doubling of the num-
ber of publications for the keyword
drug delivery reaches 6,3 years,
and for the research area drug
nanocarriers (nanostructured
carriers of drugs) - 1,9 years. The
mean number of t, for the chosen
research areas makes 4,1 years. The
mean number of publications N for
all reviewed in the Table 1 areas of
research makes 410. Based on these
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nyb6IMKAL KK 10 5TUM HallpaBleHHUsIM U HUX Iepe-
XOZly B TPETBIO TPYIIILY.

Hble HaHOMaTepHasbl // Poccuiickue HaHOTEXHO-
jgoruu. 2015. T. 10. Ne 7-8. C. 5-14.

7. KoponeBa M.IO., IOptoB E.B. Hanosmynbcuu:
JIUTEPATYPA / REFERENCES CBOKICTBA, METOMBI ITOJIYYeHHUS U IIepCIIeKTHBHEIe

1. JlammpexT A. (pen.) HaHonekapcrBa. KoHLenuu obmactu mpuMeHeHus // Ycmexu xumuu. 2012,
JOOCTaBKH JIeKapcTB B HaHOHayKe. M.: HayuHBIH T.81.Nel.C. 21-43,
mup. 2010. 232 c. 8. IlBeu B.H., Kannyn A.II., KpacHononbckui FO. M.,

2. TapaxoBckuil 10.C. MHTe/IeKTyaIbHble TUITHUAHBIE CremntaHoB A.E., YexoHuH B.I1. OT 1HUII0COM cCeMHe-
HaHOKOHTEeHHEPHI B aJPeCHOM I0CTaBKe JIeKaPCTBEH- CSITBIX K HaHOOHoTexHOmoruu XXI Beka // Poccurickre
HBIX BelnecTs. M.: M3martenbscTBo JIKK. 2011. 280 c. HaHoTexHoymoruu. 2008. T. 3. N2 11-12. C. 52-66.

3. Graza V., Moros M., Sanchez-Espinel C. Nanocarriers 9. Kenuk C.A., JKaBopoHok E.C., CegumeB H.II. u
as Nanomedicines: Design Concepts and Recent Ip. [lonxMepsl J1s1 CUCTeM J0CTaBKHU JIeKapCTBeH-
Advances // Frontiers of Nanoscience. 2012. V. 4. HBIX BeIlleCTB IPOJIOHTHPOBAHHOIO J[EHCTBHS.
P. 337-440. IlepcrieKTUBHBIE CHHTETHYECKHMEe M IIPUPOAHbIe

4. TepexoB A. JMHaMMKa M CTPYKTypa IIaT€HTOBa- monuMepsl // Pa3paboTka M perucTparus aeKkap-
HHMS YIJIEPOOHBIX HAHOCTPYKTyp // HaHomHIy- CTBEHHBIX CpelcTB. 2013. Ne 3(4). C. 22-35.
cTpus. 2018. Ne 1(80). C. 74-83. 10. Manke A., Wang L., Rojanasakul Y. Mechanisms of

5. MypamoBa H.M, IlonsikoBa A.C., IOptoB E.B. Nanoparticle-Induced Oxidative Stress and Toxicity //
AHaIM3 IMHAMUKY Hay4YHBIX Iy6IMKaI|i B 06/1a- BioMed Research International. 2013. Article ID
CTSIX, CBSI3aHHBIX C HAaHOTeXHOJIOTHeH M 3KCTpaK- 942916. 15 pages.
uredn // Hanonnpyctpusi. 2017. Ne 3(73). C. 46-54. 11. Wang P., Meyer T.A., Pan V., Dutta P.K., and

6. Mypamosa H.M., IOproB E.B. JleIMTHHOBbIE Ke Y. The Beauty and Utility of DNA Origami //

OpraHoreayd KaK IIepCIeKTHBHBIe (QYHKIIHOHA/Ib

Chem. 2017. V. 2. Ne 3. P, 359-382.

values the research areas can be

allocated into 4 groups:

1. the slow growth, large number of
publications (t,>4,1; N>400);

2. the rapid growth, large number
of publications,(t,<4,1; N>400);

3. the rapid growth, small number
of publications (t,<4,1; N<400);

4. the slow growth, small number
of publications (t,>4,1; N<400).
The first group, which is charac-

terized by the relatively slow growth
and the large number of publica-
tions comprises nanostructures
which were offered for precise drug
delivery more than 30 years ago,
such as liposomes, micelles, micro-
emulsions, conjugates of drugs with
polymers, including proteins.

CONCLUSIONS

According to the data presented in
Table 1, most popular nowadays
(i.e. characterized by the rapid
growth of the number of publi-
cations and the large total num-
ber of applications) there are such

areas of research as the applica-
tion for targeted drug delivery of
magnetic nanoparticles, silica
nanoparticles, polymer nanopar-
ticles, solid lipid nanoparticles,
dendrimers, polymeric micelles
and micelles of surfactants. It can
be predicted that in the nearest 10
to 20 years these areas of research
will develop further and proba-
bly with the lower speed growth
of the number of publications
which is indicative of the areas of
research from the first group.

For the range of research areas
from the third group (the rapid
growth, small number of publi-
cations) in the nearest 10-20 years
it is possible to expect the signifi-
cant growth of the total number
of publications, i.e. transfer to
the second group. It will be pre-
conditioned by obtaining new sig-
nificant results, development of
the breakthrough methods and
technologies. The other areas of
research from this group might no
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longer attract attention and the
annual number of publications on
them will rise slowly or decrease.
Majority of areas of study allo-
cated into the fourth group are
just the reseach ones, they are con-
nected to the use of insufficiently
studied nanostructures for pre-
cise drug delivery. In the nearest
10 to 20 years a part of them prob-
ably will cease to attract the atten-
tion of scientists and researches
on them will be stopped. Another
part of the research areas from
the forth group will continue to
develop, but relatively slowly,
without the boost in growth,
indicative of the third group. Some
of the reseach studies that belong
to the forth group will lead to the
production of interesting and sig-
nificant results, which attract the
attention of the scientists. It will
lead to the rapid growth of the
number of publications in these
areas of research and their trans-
fer to the third group. [ |



