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Abstract. In this paper, the dynamics of changes in the { potential and particle sizes of niosomal dispersions of
various concentrations under temperature variation is studied by the method of dynamic light scattering. The
average diameter changes of the niosomes and the polydispersity index were revealed. The most significant influ-
ence of temperature on the considered parameters was observed in the interval 303-313 K. The experimental data
indicated an increase in the zeta potential with increasing temperature. Based on the analysis performed, possi-
bility of increasing the niosomal dispersions stability by means of temperature influence was confirmed.
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BBE/JLEHUE

B mocnemsHMe Tofbl OTPOMHOE BHHUMaHHe yIens-
eTcsl Le/eHallpaBAeHHOMN [NOCTaBKe JIeKapCTB
C KOHTPOJHUPYeMOH CKOPOCTbIO BBICBOOOXKIeE-
Hus. [IpuMeHeHHe HaHOTEXHOJOTHH B MeLu-
nuHe obecrmeunso pa3paboTKy MHOIrOQYHKIIU-
OHAJIPHBIX HaHOYACTHI], KOTOpPble, MOTYT OBITH
3alI0/THEeHBl PAa3THYHBIMH MeJHUKaMeHTaMH.
HaHOKOHTelHephl NPeACTaBISIOT CO60K OTIHUY-
HBIM IIOJXOJ K JOCTaBKe JIeKaPCTBEHHBIX CPeJCTB
c MHoroobemamwmuMu GyHKIHUIMU, TAKUMH KaK
3aIIMTa JIeKaPCTB OT Jerpafgaluy U pacliere-
HUS, KOHTpPOJIHpyeMoe BricBobokmeHMe. Haubonee
MIKpOKOe NIPUMeHeHHe CPpeJM HUX HaxoIAT KakK
JTUIIOCOMBI M MX pa3JH4YHble KOMOMHAIIUH, TaK
Y HHOCOMBI [1-4].

HuocoMBI IpeACTaBISIOT COO0M Be3UKYIbI, KaK
MIpaBHUJI0, HAHOMETPOBOTO JHUaIla30Ha, COCTOSIIHe
M3 3aMKHYTOH ABYXCJIOMHOMN CTPYKTYPHI, Ipen-
CTaBJIeHHON HeHMOHOTeHHBIMH IIOBEPXHOCTHO-
aKTHBHBIMH BellleCTBAMH B BOLHOM CHUCTeMe.

HurocoMBI SIBJISIOTCS O4eHb IIepCIeKTHBHBIMH
HOCHUTE/ISIMHU JJIS1 JOCTaBKKA MHOTOYMC/IeHHEIX Gap-
MaKOJOTHUYECKHUX U JUATCHOCTUYECKHUX CPe/ICTB.
Braromaps cBoel HeHOHHON IPHpoje OHH obia-
JaI0T IPeBOCXOJHOM 6MOCOBMECTUMOCTBIO U HU3-
KOHW TOKCHUYHOCTBIO. YHHUKAJIbHAS CTPYKTypa HHUO-
COM I103BO/IsIeT pa3pabaTeiBaTh HOBBIE 3 PEKTHUB-
HBble CUCTeMBI J0CTaBKHU JIEKAPCTB C BO3MOXKHOCTBIO
3arpy3KH KaK FHAPOOUIBHBIX, TaK H JIUIIOPHUTIb-
HBIX IIpenapaToB. [uApoQHUIbHbIe U TUIOPUID-
Hble JleKapCTBeHHBIe CPeJCTBa YAepPKHBAKTCS
B BOJHOM siipe U MeMbpaHHOM 610C/I0€ HHIOCOMBI
COOTBETCTBEHHO.

MHOeCTBO HUCCIeI0BAHUK MOCBSIIEHO IIOUCKY
Llesieco06pa3HOro CocTaBa KOMIIOHEHTOB IIPU CHH-
Te3e HUOCOM AJis obecredyeHHUS ONMTHMAJIbHBIX
OU3UKO-XUMUUYECKUX CBOUCTB [5-8].

KpeMHHUNOPraHU4YeCKHe HHOCOMBI COCTOSAT
u3 II2r-12 JuMeTHKOHa, objamamigero

INTRODUCTION

Targeted delivery of controlled-release rate drugs
has received tremendous attention in recent years.
Application of nanotechnology in medicine has
led to development of multifunctional nanopar-
ticles that can be filled with different drugs.
Nanocontainers represent an excellent approach
to drug delivery with promising functions such
as protection of drugs from degradation and cleav-
age, and controlled release. The most widely used
among them are both liposomes and their various
combinations and niosomes [1-4].

Niosomes are vesicles, typically in
the nanometre range, consisting of a closed
bilayer structure represented by non-ionogenic
surfactants in an aqueous system.

Niosomes are very promising carriers to deliver
the numerous pharmacological and diagnos-
tic agents. Due to their non-ionic nature, they
have excellent biocompatibility and low toxic-
ity. The unique structure of niosomes allows
to develop new efficient drug delivery systems
with possibility of loading both hydrophilic and
lipophilic drugs. Hydrophilic and lipophilic drugs
are retained in the aqueous core and membrane
bilayer of the niosome respectively.

Many studies have been devoted to finding
the appropriate composition of components in
the synthesis of niosomes to ensure optimal physi-
cochemical properties [5-8].

Organosilicon niosomes are composed
of PEG-12 Dimethicone, which has amphiphi-
lic properties allowing orientation in dispersion
with the water-soluble part (polyethylene glycol)
to water and the fat-soluble part (dimethicone)
to lipids. A thin elastic shell allows them to move
through the intercellular spaces that constitute
the lipid matrix.

The advantages that can be obtained by using
siloxane surfactants for vesicle formation and
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aMOUPUIBHBIMH CBOMCTBAMU, II03BOISAOINHMU
OPUEHTHUPOBATHCS B JUCIIEPCHH BOLOPACTBOPUMOK
YaCcThIO (IOJTUITUJIEHTIMKOJIEM) B BOAY K SKHPOpa-
CTBOPH MO YaCThIO (IMMETHKOHOM) ~ B JIMIIU/HL.
ToHKas 371acTUYHasg 060/I0UKA [IO3BOJISIET UM
IMepefBUTATHCS 10 MEeXKJIETOUYHBIM IIpOMe-
SKYTKaM, IIPenCTaBIsSIOMKUM COO0M TUNHUAHBIN
MaTpHKC.

[IperMyImecTBa, KOTOPble MOKHO IIOJNYYHUTH
IIPHU HCIOJB30BAHUHU CHJIOKCAHOBBIX IIOBEPX-
HOCTHO-aKTHUBHBIX BeIlecTB /s o6pa3oBaHUS
Be3HUKY/I U 3arpy3KH JTeKapCTBEeHHBIX BeIlecCTB,
[IOATBEPXKIAIT Te GaKThI, UYTO, BO-IIEPBBIX, HAJIH-
YMe KOBAJIeHTHOM CBsi3K Si-O B ruppodobHOM
YaCTH MOJIEKY/IBl IOTHUAHUMETHUICUIOKCAHOBOM
OCHOBBI 3MYyJbraTopa, KoTopas obynagaeT 60/b-
IO 3JIACTHYHOCTBIO U PEeaKIHOHHOM CII0C00-
HOCTBHIO, II03BOJISIET HAIIPABJIEHHO LOCTaBJISATH
IIMPOKHUMN CIeKTp BAB U LlesleHANpaBleHHO UX
BBIIIYCKAaTh K3 Be3UKYJIH [9]. Bo-BTOpBIX, CHJIOKCA-
HOBBIe [I0BePXHOCTHO-aKTHBHBIE BellleCTBA "CaMo-
IIPOM3BOJIBHO" 00pa3yIOT Be3UKYIIbl IPHU KOHTAKTe
C BOJOM, U MO3TOMY OHH MCKJIIOYAIT HCIIOJb-
30BaHHe 3HeProeMKHX IIPOIeccoB, TAKHX KakK
obpaboTka yIbTPa3BYKOM, KOTOpPble HEOOXOLK MBI
[lJIsI IOBEPXHOCTHO-aKTHBHBIX BellleCTB Ha OCHOBE
HecuJiokcaHa [10].

OmHaKO HHUOCOMAaJbHBIe NUCIEPCHH, Kak
U 1i06ble Ipyrue KOJJOUAHBIE CUCTEMBI, SIBJIS-
I0TCSI TEPMOAUHAMHUYECKH HEYCTOMUYKUBBIMHU, I103-
TOMY HECOMHEHHYIO IPaKTHYeCKY0 3HAYHUMOCTh
Ha CTafgusax pa3paboTku, MOAydyeHUS U XpaHe-
HUSI HUOCOMAJIPHBIX IIperapaToB IIpefCTaBsieT
OLleHKa UX CTabunpHOCTH. OnipeneneHre QU3KKO-
XUMHYECKUX XapaKTePUCTHK HHOCOM U MeeT BasK-
HOe 3HadeHUe U JJIs1 KINHUYeCKOIo IPUMeHeHHUSI.

OIHUM K3 OCHOBHBIX IIapaMeTpPOB, OIlpele-
ASIOMUX CTAOUIBHOCTD SUCIEPCHBIX CHCTEM
U SBIASIOMHUXCSI HHIUKATOPOM IIOBEPXHOCT-
HOTO 3apsjia YacTHUIl U MepOM 3JIeKTpoCTaTude-
CKOTO B3aKMOJEHNCTBU S MeXKAY YaCTULIAMHU SBIIS-
eTcst (TIOTeHIMaJI. DTOT ITIapaMeTp TaKke [103BO-
JseT IIpelCcKa3blBaTh B3aMMOLEHNCTBHE HHOCOM
C KJIeTKaMH.

JOpyruM Ba>kHeHIHUM GaKTOPOM TpaHCHep-
MaJbHON NOCTABKHU JIeKAPCTBEHHBIX CPeLCTB
SIBJIsIeTCSl pa3Mep 4YacTHIl. Tak, 4eM MeHbllle JHa-
MeTp HHOCOM, TeM BbIIIe 3P PeKRTUBHOCTD UX IIPO-
HUKHOBEHHUS B IIy6OKHe CJIIOM KOKH KU O49aru
mopaskeHusi. Pa3amepHble PaKTOPHl OKA3BIBAIOT
CyllecTBeHHOe BIHSHHEe Ha MHOTHe QH3UKO-
XUMHYeCKHe XapaKTepPUCTUKHN HAHOKOHTeHNHe-
POB, II09TOMY OIlpe/ie/ileHHEe Pa3MepOB U AUCIIEPC-
HOCTH HHOCOMAJIPHBIX JHCIIEPCUH Ha CTALUH 107~
FOTOBKH IIO3BOJIUT He TOJBKO OITHMH3HUPOBATH
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drug loading are supported by the facts that,
firstly, presence of a covalent Si-O bond in
the hydrophobic part of the polydimethylsiloxane
emulsifier backbone molecule, which has great
elasticity and reactivity, allows targeting delivery
of a wide range of SAS and their targeted release
from the vesicle [9]. Secondly, siloxane surfac-
tants "spontaneously” form vesicles upon contact
with water, and therefore they eliminate the use
of energy-intensive processes such as ultrasonic
treatment that are required for non-siloxane-based
surfactants [10].

However, niosomal dispersions, as well as
any other colloidal systems, are thermodynam-
ically unstable; therefore, assessment of their
stability is of undoubted practical importance at
the stages of development, production and stor-
age of niosomal preparations. Determination
of physicochemical characteristics of niosomes is
also important for clinical application.

One of the main parameters determining sta-
bility of disperse systems and being an indicator
of the surface charge of particles and a measure
of electrostatic interaction between particles is
the { potential. This parameter also allows predict-
ing interaction of niosomes with cells.

Another important factor in transdermal
drug delivery is particle size. Thus, the smaller
the diameter of niosomes, the higher their
penetration efficiency into deep skin lay-
ers and lesions. Size factors have a significant
impact on many physicochemical charac-
teristics of nanocontainers, so determining
the size and dispersibility of niosomal disper-
sions at preparation stage will not only optimise
the manufacturing modes, but will also make
it possible to predict the final characteristics
of the resulting drugs.

The aim of the presented work was to study
the effect of temperature change on stability and
particle sizes of niosomal dispersions of different
concentrations, as well as to analyse possible ways
to improve their stability.

RESEARCH METHODS

Organosilicon niosomes consisting of a double
layer of non-ionogenic emulsifier dimethicone
copolyols, which are esters of polyethylene glycol
and polydimethylsiloxane backbone, were chosen
as the object of study [11].

Niosomes were prepared at room temperature
by vigorous mechanical shaking on a shaker for
5 minutes of PEG-12 Dimethicone emulsion fol-
lowed by ultrasonic treatment. Sounding mode:
frequency 20 kHz, power 200 W, exposure:
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PEe>KKMMBI U3TOTOBJIEHU S, HO U JACT BO3MOXKHOCTh
CIIPOTHO3HMPOBAaTh KOHEUHbIe XapaKTePUCTUKH
rojy4aeMBbIX IIperapaTos.

Ilenp mpencTaBAeHHONW paboTh cocTosia
B MCC/Ie[JOBAHUMU BIUSHUS U3MeHeHUs TeMIlepa-
TYyPbl Ha YCTOMYHUBOCTb U Pa3Mepbl HaCTUIL] HHO-
COMaJIbHBIX JUCIIePCHI PAa3/IMYHBIX KOHLIEHTPa-
LM, a TaK>Ke aHa/IK3e BO3MOKHBIX IIyTeH MOBbI-
IIeHHUs UX CTabHUIbHOCTH.

METOAbl UCCNIEAOBAHUA

B KkayecTBe 00beKTa HCCJIeLOBaHUSA OBIIU
BBIOpaHBI HUOCOMBI KpeMHHUHMOPTraHUYeCKOH IIpU-
POABL, COCTOSIIME M3 IBOMHOTO CJI0S HEHOHO-
TeHHOI'0 3MYyJ/braTopa JUMETHUKOH KOIIOJIMOJIOB,
[IpelCTaBIISIOMNX COO0M 3QUPBI [IOTUATUIIEHIJIH-
KOJISI U IIOJTMTMMETHUJICHUJIOKCAHOBOM OCHOBHI [11].

HuocoMBbl M3roTaBJIMUBaINCh IPU KOMHATHOM
TeMIlepaType IPHU MHTeHCUBHOM MeXaHHYeCKOM
BCTPSIXMBAHUM Ha lIeHKkepe B TeueHHe 5 MHUH
3MyabcuU I13T-12 AUMeTHUKOHA C OCAeAYyIolen
yABTPa3ByKOBOI 06paboTKOM. PeXXUM 03ByUHBa-
HUS:. yacTtoTa - 20 k', momHoCcTh - 200 BT, 3KC-
mosunusa - 10-15 MuH. 3aTeM, I CTabUIM3a U
KOHIIeHTPAaILlMH BOLOPOLHBIX HOHOB (pH) oo 6,6-
7,0 1 GopMHUPOBAHUS OLHOPOLHOMN CTPYKTYPHI,
IIPOBOAMJIOCH SMYJIbIrUpoBaHUe Ha AIIB romore-
Husartope (APV Lab Series Homogenizers-1000).
Ins pa3BeleHHUS HHUOCOMAJIbHBIX AHUCIEpPCHH
10 3alaHHBIX KOHILeHTpPalMH HCIOJb30BaIHU
OUANCTHUIIINPOBAHHYIO BOAY.

H3MepeHUd A3eTa-NOTeHIIHMala IPOBOLHU-
JIUCh C MCIOJIb30BaHHEeM cHcTeMbl Photocor
Compact-Z (Poccus) mmop, yriaoM 20°, ZaKrHa BOJIHBL
jmasepa - 636,6 HM, MOIIHOCTD - 25 MBT. laHHEIe
H3MepeHHUH /A3eTa-NoTeHI|Hala NpelCcTaBasIIU
B BUJe CpeJHero sHa4YyeHUs +SD (MB).

Onsga HU3ydYeHHUs BIUSHHA TeMIepaTyphl
Ha BeJIMYHMHY O3eTa-IIoTeHIIHala HUOCOMaJIbHBIX
IUCIIePCHUI, HcCaeAyeMble 06pa3iibl HarpeBalu
Ha BonsiHou 6aHe (UT - 4304E) B muama3oHde TeM-
nepartyp 303-333 K.

[ig ompeneneHUs pa3MepoB HUOCOM HCIIOIb-
30BaJIM MeTOJ JHHaMH4YeCKOT0 pacCesgsHUs CBeTa
(OPC). JaHHBIM METO[ openrojaraeT pacyer
TUAPOAUHAMHYECKOTO fuameTpa d;, coep, KoTo-
pble ObI IBUTAIHCH B SKUAKOCTH C TAKOH Ke CKOPO-
CTbIO, UTO U HCCJ/IeJyeMble YaCTULIBL. M3MepeHU
d, DpOBOAUIU C HMCIOJIB30BAHHUEM CHCTEMEBI
Photocor Compact-Z (Poccus) 10 oLleHKe KOppesi-
LMOHHON QYHKUKH QIYKTYallMHl HHTeHCUBHOCTH
J1a3epHOro0 M3JIy4eHHUs C JJIHUHOM BOIHBI 636,6 HM,
paccesHHOro Ha HUOCOMax I1of yryiioM 20°. IIupuny
pacmpefeneHHs YacTHULL 10 pa3MepaM XapaKTepu-
30BaJjIM I10 UHEKCY IoauaucnepcHocTu (PDI).

10-15 minutes. Then, emulsification was car-
ried out on an APV homogeniser (APV Lab Series
Homogenizers-1000) to stabilise hydrogen
ion concentration (pH) to 6.6-7.0 and to form
a homogeneous structure. Bidistilled water was
used to dilute niosomal dispersions to specified
concentrations.

Zeta potential measurements were performed
using a Photocor Compact-Z system (Russia) at
an angle of 20°, laser wavelength 636.6 nm, power
25 mW. The data of zeta potential measurements
were presented as the mean value +SD (mV).

To study the effect of temperature on
the zeta potential value of niosomal dispersions,
the studied samples were heated on a water bath
(UT - 4304E) in the temperature range of 303-333 K.

The dynamic light scattering (DLS) method
was used to determine the size of niosomes. This
method involves calculation of the hydrodynamic
diameter dy of spheres that would move in
the liquid with the same velocity as the particles
under study. The d;, measurements were carried
out using the Photocor Compact-Z system (Russia)
to estimate correlation function of fluctuations
in intensity fluctuations of laser radiation with a
wavelength of 636.6 nm scattered on niosomes at
an angle of 20°. The width of particle size distribu-
tion was characterised by the polydispersity index
(PDI).

The polydispersity index was calculated accord-
ing to the formula:

O.Z

d;’
where d;, is the hydrodynamic diameter
of niosomes, nm; o is the mean square deviation
of the hydrodynamic diameter, nm.

Low values of the polydispersity index indicate
a narrow particle size distribution, i.e., reflect-
ing homogeneity of dispersion, while a high PDI
suggests a broad size distribution, i.e., a greater
degree of heterogeneity [12].

PDI 1)

RESULTS AND DISCUSSION
It is known that surface charge of niosomes
plays an important role in their behaviour. In
general, charged niosomes are more resistant
to aggregation than uncharged vesicles [13]. High
surface charges enable niosomes to suspend well
in water, which may be useful for their storage
and administration. The effect of concentration on
zeta potential can provide additional information
for product formulation to maximise stability [14].
The zeta potential value of PEG-12 Dimethicone
based niosomal dispersions was determined five
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HMHOeKC HOMUAHUCIePCHOCTH PACCUMTBIBAIH
o popmyie:

02
d;’
rae dy, - THAPOAMHAMHUYECKHUH JHAMETP HHOCOM,
HM; 0 - CpeJHee KBaJpaTH4yecKoe OTKJOHeHHEe
TUAPOOMHAMHYECKOr0O JHaMeTpa, HM.

Huskue 3HaYeHH S MHEKCA HOJUAHUCIEPCHO-
CTH yKa3bIBAIOT HA y3KOe pacropene/ieHHue YacTUI]
10 pasMepaM, TO €CTh OTPa>kaloT FOMOT@HHOCTh
JHCIIepCUH, B TO BpeMs KakK Belcokuil PDI mpepmo-
JlaraeT MM POKOe paclipeseieHHe [0 pasMepam, To
eCTb OOJIBIIYIO CTeIIeHb TeTePOreHHOCTH [12].

PDI= 1)

PE3Y/IbTATbI N OBCY)XAEHUE

V3BeCTHO, UTO IIOBEPXHOCTHBIHM 3apsal, HUOCOM
MI'paeT Ba>XHYIO POJib B KX IIOBeJeHUHU. B 11e10M
3aps>KeHHble HHOCOMEI 60Jlee YCTOMUYMBEI K arpe-
raliMu, 4eM He3apsi>kKeHHble Be3HKYyJIbl [13].
BriCOKME ITOBEPXHOCTHBIE 3aPSAIBI JAKT BO3MOXK-
HOCTh HHMOCOMaM XOPOILIO CYyCIeHIHPOBAThHCA
B BOoJe, UTO MOXeT OBITh I1OJIE3HO AJIS UX Xpa-
HeHHs U BBeJeHHSA. BIUAHHEe KOHLEHTpPALUU
Ha [3eTa -IOoTeHI[Ma/l MOXKET AaBaTh JOMOJHHU-
TeJIbHYI0 HHGOPMALIMIO /i COCTAaBJIeHU S peliern-
TYpHl IPOAYKTaA C Llelbl0 obecredyeHUsT MaKCH-
MaJjbHOM cTabunbHOCTH [14].

OmnpepeneHue BeNIHUYMHB O3€Ta -MOTEHIIK-
ajla HUOCOMAJIbHBIX JUCIIePCHH Ha OCHOBe
I12T-12 JMMeTHKOH IIPOBOLUJIOCH IIATUKPATHO,
3aTeM BBIYHCIANOCH CpelHee 3HAYeHHE.
BelMuMHE (-NIOTEHIIMAaa HUOCOMAa/IbHBIX JHC-
IepCUH HCCIelyeMblX KOHLIeHTPAalluH, U3MepeH-
HBIX HEIIOCPeICTBEHHO I0C/Ie Pa3sBeAeHUs IIPU
KOMHATHOI TeMIlepaType IIpUBeJeHbl B Tab.1.

IToCKOBKY HHMOCOMAJIbHbIE JUCIEPCUHU C KOH-
meHTpanusamu 0,005% u 1,0% m3HadanbHO 061a-
JAIOT HU3KKUM [3eTa-IIOTEeHIIMAJIOM, TO €CTh SIBJIS-
IOTCSI HEYCTOMYUBBIMHU, OHU OBIIM BBIBEJEHEI
M3 3KCIIepUMeHTa.

C menpr0 OLeHKH BAMSHHSA TeMIepaTyphl
Ha yCTOMYHBOCTb HHOCOMAJIbHBIX AHUCIEPCHH,
ocTaBIIKecs o6pasiipl 6bIIM ITOJBEPTrHYTH HaTpe-
BaHHIO B HHTepBaje TeMuepaTtyp 303-333 K.
[TonydeHHBIe Pe3y/abTaThl IPeACTaBAeHEL B Tab1.2.

[padpuyeckre 3aBUCUMOCTH BeJIMYHMHBL [3€Ta"
MOTeHIIMajla HUOCOMAaJIbHBIX JUCIIePCUI pPa3any-
HBIX KOHLIEHTPALIMH OT TeMIIepaTyphl IpelCcTaB-
JIeHBI Ha puc.l.

AHanu3 rpadpuyecKUX 3aBHUCHMOCTeM IOKa-
3pIBaeT yBeJlHYeHHe abCOMIOTHON BeJTHYHUHBI
J3eTa-ImoTeHIHMala AJid BCeX HCCaenyeMBbIX
06pa31oB HUOCOMAJIbHBIX JHCIIePCHI, YTO BEPO-
SATHO CBS3aHO C BO3paCTaHHEeM MHTEHCHUBHOCTH
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Tabauua 1. 3Ha4eHus 03ema-nomeHuUand 0Asl HUOCOMAAbHbIX
ducnepcutl, u3mepeHHble npu memnepamype (25+2)°C

Nen/n C,% ¢, MB|mV
1 0,005 15,5+0,44
2 0,05 31,65+0,16
3 0,1 32,45+0,32
4 0,5 30,72+0,86
5 1,0 21,76+0,29

times and then the mean value was calculated.
The values of { potential of niosomal dispersions
of studied concentrations measured directly after
dilution at room temperature are given in Table 1.

Since the niosomal dispersions
with concentrations of 0.005% and 1.0% inherently
have a low zeta potential, i.e., they are unstable,
they were eliminated from the experiment.

In order to evaluate the effect of temperature
on stability of niosomal dispersions,
the remaining samples were subjected
to heating in the temperature range of 303-333 K.
The obtained results are presented in Table 2.

Graphical dependences of the zeta potential
value of niosomal dispersions of different concen-
trations on temperature are presented in Fig.1.

300 305 310 315 320 325
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330 T,K

-50

-55

{-noTeHuwan, mB| { potential, mV
A
v

—e— (=0,05% —*—(C=0,1% —o— (C=0,5%

Puc.1. 3asucumocms (-nOMeHUUAaAa HUOCOMAaAbHbiX ducnep-
culi om memnepamypbl

Fig.1. Temperature dependence of { potential of niosomal
dispersions
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TeIlJIOBOIO OABHUKeHUS IMPOTHBOMOHOB U yBe-
AUYeHUEM TOJUIUHBl ABOHMHOTO 3JIeKTpHYe-
ckoro ciosi. Hanbonbpiiee yBenudeHue Habnioma-
eTcsl nis 6onee pa3baBieHHON HHOCOMAJNbBHOH
JUCIIePCHUH.

[Ipy HOBBHINIEHHUMU TeMIIepaTYypbl B HMHTep-
BaJie 303-313 K HabnromaeTcs 3HAUYUTeIbHOE BO3-
pacTaHUe A3eTa-IOTeHIIKAJa, YTO MOXeT OBITH
CBSI3aHO C Pe3KHUM IIepexoJOoM YacCTHU IPOTHUBO-
HOHOB M3 aAcopbLIMOHHOrO0 €105l B AUPPY3HBIH.
JanpHeNllee yBe/lH4YeHIe TeMIIepaTypbl CIIO-
cobCTByeT yBeIHMYeHHUI0O KOHKYPeHUHUHU AUPDy-
3UH IIPOTHBOHOHOB C HecopbIHel NMOTeHIIHA-
JIoIIpefeNsIoNMX HOHOB, UTO IIPHUBOAUT YKe
K He3HAaYMTe/IbHOMY IOBBIIIEHHNIO BeJIHUYHHBI
O3eTa-roTeHIHhasla.

[ToydeHHBIe pe3yabTaThl TaK>Ke YKa3blBaIOT
Ha TO, YTO [A3eTa-IIOTeHIHaJI IIPU MaJIbIX KOHIIeH-
TpPaLUsX MposBiseT 6ojiee BEIPaskeHHYIO 3aBU-
CHMOCTb OT TeMmIlepaTypsl. KpoMme TOro, pesyib-
TaThl JEeMOHCTPHUPYIOT, UTO BeJHMYHHA [O3eTa-
IIOTeHIIHMaJIa YMeHbIIaeTCs C yBeIMYeHUeM KOH-
LeHTpalKuH pacTBopa. JTO COrJIaCyeTCs C pe3yib-
TaTaMH OPYrUx HcclIegoBaHUM [15, 16]. MoXHO
OTMETHTbh, YTO O3eTa-IOTEeHIMaJbl CHCTEM
c 6oee HU3KOM KOHIeHTPAIL[Mel B MeHbIeH CTe-
IIeHU IOABep>KeHbl BIUSHHIO U3MEeHeHUS TeM-
ImepaTypsl, 4eM HX aHAJIOIU C Hosee BBICOKOH
KOHILIeHTpallueH.

Pe3yibpTaThl ompepeleHUs BeIUYUHBL Cpel-
Hero pasMepa 4acTHUIl HUOCOMaJIbHBIX JUCIIePCU U
M 3HAYeHHU I MHIEeKCOB IIOJIUIUCIIePCHOCTH IIpes-
CTaBJIeHBI B Tabi1.3.

Hi3MeHeHHU S 3HAaUeHHUN CpelHEero ruJpogHuHa-
MHUYECKOT0 JHaMeTpa HUOCOM C yBeJIHYeHHeM
TeMIIepaTyphl HOCSIT HEMOHOTOHHBIN xapaKTep.
Hawnbonpiire n3MeHeHHsI OTMeUeHbl B UHTepBaJle
TemrepaTtyp 303-313 K. 3HayeHH 1 MHOEKCA [IOJIH-
OUCIIePCHOCTH MUMEIOT TeHOeHIIMI0 K YMeHbIIle-
HHIO C IIOBBHIIIeHHEM TeMIIepPaTyphl, YTO MOXET
CBUETe/IbCTBOBATh O HEKOTOPOM IIOBBIIIEHUHU
TOMOTeHHOCTH CUCTEeMBI.

TakuMm obpa3om, BappUpoBaHUeE TeMIIePATy P
[103BOJISIeT I10/y4YaTh Oojiee YyCTOMUYKBEIE GOPMBL
HHOCOM 3aJaHHBIX KOHIIeHTpPalluK, UMEIIIUX
6osee rOMOreHHYIO CTPYKTYPY.

BbiIBOAbI

MeTomoM IUHAMMKYECKOT 0O paccesdHHs CBETa OIlpe-
AeJIeHbl pa3Mephbl HaCTHIL] HHOCOMAaJIbHOH AHCIIeD-
CHMHU M BeJIHNYHHBI z‘HOTEHL[I/IaHOB. Bo Bcex Cl1y-
Hasiax A3eTa-IIOTeHIHaJl ABJ/IsdeTCsA OTPI/IU,a.TEJ'IbHOI;I
BEJIHYHHOMU. HccnemoBaHa 3aBUCUMOCTD [3eTa-
IIoOTeHLIMa/la OT TeMIIepaTypbl M KOHI€HTpPAa-
UM YaCTHUILI ,ELI/ICHepCHOI:I (1)3.3])1 HHOCOMAJIBHBIX

Tabauua 2. 3HaveHus1 (-nomeHUUANa HUOCOMAAbHbIX ducnepculi
npu 8apbUpos8aHuL memnepamypbl

Table 2. Values of -potential of niosomal dispersions at varying
temperatures

T,K C=0,05% C=0,1% C=0,5%

303 34,21£0,23 32,45+0,32 30,72+0,86
308 40,03+0,87 37,79+0,29 34,45+1,06
313 43,22+0,26 39,14+0,44 37,15£0,88
318 45,02+0,96 41,18+0,65 38,88+0,54
323 46,62+0,32 42,57+0,81 39,24+0,19
328 48,29+0,73 44,82+0,92 40,16+0,73
333 49,12+0,96 45,46+1,52 41,38+0,36

The analysis of graphical dependences shows
an increase in the absolute value of zeta-poten-
tial for all studied samples of niosomal disper-
sions, which is probably related to increase inten-
sity of thermal motion of counterions and growing
the electric double layer thickness. The greatest
growth is observed for more dilute niosomal
dispersion.

When the temperature increases in the range
303-313 K, a significant increase in zeta potential
is observed, which may be associated with a sharp
transition of part of counterions from adsorp-
tion layer to the diffuse layer. Further increase
of temperature favours increasing of competition
of diffusion of counterions with desorption
of potential-determining ions, which leads
already to insignificant growth of zeta-potential
value.

The results also indicate that the zeta poten-
tial at low concentrations exhibits a more pro-
nounced temperature dependence. In addition,
the results demonstrate that the zeta potential
value decreases with increasing solution con-
centration. This is in agreement with the results
of other studies [15, 16]. It can be noted that the zeta
potentials of systems with lower concentration are
less affected by temperature change than their
counterparts with higher concentration.

The results of determining the mean particle
size value of niosomal dispersions and the values
of polydispersity indices are presented in Table 3.

Changes in the values of the mean hydrodynamic
diameter of niosomes with increasing
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HAHOTEXHO/OrUU

OUCIIepCHH. JlIoKa3aHO, UTO CTPYKTYpPHBIe CBO-
CTBAa M XapaKTePHUCTHUKHU HHUOCOM MOTYT OBITH
yAydIlIeHbl 32 CUeT BAPbUPOBAHUS TeMIlepaTypHL.
[TosilydyeHHBbIe pe3yabTaThl MOTYT OBITH I10JI€3HBI
KaK Ha 3Talle CO3JaHHS HUOCOMAJIbHBEIX GOpPM
7MeKapCTBeHHBIX IIPelapaToB, TaK U B IIpoLiecce UX
XPaHeHMUS U BBeJleHUS.

WHOOPMALLMUA O PELLEH3WUPOBAHUN

Pemakuus 6arofapuT aHOHHMHOTO pelleH3eHTa
(peLleH3eHTOB) 32 UX BKJIAJ B pelleH3UPOBAHUE
3ToN paboThl, a Tak>ke 3a pa3MelleHHe CTaTeHn
Ha CaMTe XKypHaja U lepefavyy UX B 37IeKTPOHHOM
Buge B HO6 eLIBRARY.RU.

Jekaapauus o KOHPAUKMe UHMepecos. Asmopbl 3098~
Asilom 06 omcymcmauu KOHPAUKMO8 UHMepecos UAU AUMHbLX
0MHOWeHUil, Komopble Mo2Au bblL no8AUAMb Ha pabomy, nped-
cmasAexHyto 8 daHHo(l cmambe.
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Nen/n C, % T, K dh, HM | nm PDI
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5 323 80,1+4,9 0,12
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8 0,1 303 130,6+4,8 0,27
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temperature are nonmonotonic. The largest
changes are observed in the temperature range
303-313 K. The values of the polydispersity index
tend to decrease with increasing temperature,
which may indicate some growth of system
homogeneity.

Thus, varying temperature allows to obtain
more stable forms of niosomes of given concentra-
tions having a more homogeneous structure.

CONCLUSIONS

The sizes of niosomal dispersion particles and
the values of { potentials were determined by
the dynamic light scattering method. In all
cases the zeta-potential is a negative value.
The dependence of zeta-potential on tempera-
ture and concentration of dispersed phase parti-
cles of niosomal dispersions has been studied. It is
proved that the structural properties and character-
istics of niosomes can be improved by varying tem-
perature. The obtained results can be useful both at
the stage of preparing of niosomal forms of drugs and
in the process of their storage and administration.
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