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ABSTRACT
The purpose of the present investigation is to study and evaluate influence ultrasound on the size of
niosomes. Particle size was defined with analysis electronic microscopy images. On the base of electronmicroscopy investigation of niosomal dispersion was constructing column charts of the particle size
distribution. The numerical analysis has shown that sonication leads to an equalization of the particle size
distribution in the range (50-130 nm) i.e. allows obtain a homogenous niosomal dispersion.
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INTRODUCTION
During the last decades, was occurred serious changes in the field of improving the pharmaceutical
properties of medicaments [1-3]. Unique approaches have been developed, which let principle change the
properties of medicines: make them more effective, give them targetedness, and reduce side effects. For this
aim widely use nano- and micro sized carriers of drugs such as liposomes, fullerenes, niosomes, dendrimers
and others. In practice liposomes (micro- and nanoscale colloidal spheres, which consist of the lipid layer
surrounding the active drug) are most often used for the targent drug delivery system and as an alternative to
them – niosomes (single or multichamber vesicles formed by two-layer membrane structures consisting of
non-ionic surfactants).
The advantage of application niosomes explained with a several of reasons [4].
•
•
•
•
•
•

Unlike liposomes, niosomes are not susceptible to oxidation.
They have delayed clearance thus provides high therapeutic performance.
They do not require any special storage condition.
The vesicle suspension is water based thus provides the increased patient compliance over
the oily based dosage form.
Niosomes are osmotically active.
They are stable and impart stability to the entrapped drug.

Niosome studied in this article are spherical vesicles with the size 20-200 nm, consist of a shell in the
form of a water-insoluble double layer of a nonionic emulsifier (surfactant), which are esters of polyethylene
glycol and polydimethylsiloxane backbone and encapsulated biologically active substance inside the capsule.In
each case of application of the niosomal form of drug delivery, are need vesicles with different parameters,
which may depend, for example, on encapsulated preparations, and also have different physicochemical
properties [5, 6].
In contemporary literature are described the methods for obtained multilamellar niosomes, large
monolamellar niosomes and small monolamellar niosomes with the help of sonication[7-13]. At the same
time, the question of the influence of ultrasound on the prepared niosomal dispersion, on the process of its
dispergation has not been studied sufficiently.
It is known that the influence of ultrasound on colloidal systems is associated, first of all, with the
phenomenon of cavitation.
Cavitation is the formation of voids, or bubbles, in a structure during the rarefaction phase of a sound
wave. These bubbles may grow with changes in pressure or collapse during the positive pressure phase,
generating strong hydrodynamic perturbation in the liquid.
Thus in liquid take place destruction of the surface of solids bordering with the cavitating liquid.
Additionally, the effect of ultrasound is accompanied by an intensification of mass transfer processes,
an increase in the temperature of the colloidal system, and the formation of free radicals.
All these effects depend both on the intensity of the ultrasonic effect, and on the frequency of
ultrasound and the time of exposure. It is especially necessary to note the decrease of the particles sizes of the
dispersed phase, the increase in the homogeneity of the colloid system upon exposure to it by ultrasound. The
size of niosomes is very important in terms of their application.
In some cases, are required a large niosomes, for example, when encapsulated particles included
microorganisms, such as bacteria, for produce vaccines.
However, smaller niosomes are more preferable. This is due, firstly, to the fact that they are not so
rapidly absorbed by the reticuloendothelial system (RES). The seizure of RES by the nios is increasing with
increasing sizes. Secondly, if niosomes are less, then higher their penetration into the deeper layers of the skin
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Monolamellar niosomes (diameter~100 nm) have a thin elastic membrane, which allows one to efficiently
move along intercellular spaces, lymphatic and blood capillaries. Dimethicone, which forms a bilayer structure
in an aqueous medium, makes it possible to obtain an ultra-thin and elastic membrane niosomes. The particle
size distribution, the change in their dispersity with concentration, are also very significant for solving
problems of stabilizing niosomes.
MATERIAL AND METHODS OF THE RESEARCH
To study the effectiveness and expediency of using ultrasound to create stable colloidal nanosystems,
experimental studies were carried out on the irradiation by ultrasound (880 kHz) of aqueous solutions of
niosomes on the basis of PEG-12 Dimethicone. The sonication was performed for 5 to 20 minutes.
The methodology of the work includes two preparatory stages. At the first stage, direct preparation
by niosomes is carried out.
To obtain the capsules of silicone nature we used physic-chemical methods for the synthesis of
molecules. The shell of the obtained niosomes vesicles generated from PEG-12 Dimethicone. In the hydrophilic
part of dimethicone there are functional groups of silicon oxide. The length of the Si-O bond was 1.6 , which
is much longer than the C-C bond of 1.4 . Due to this, the functional groups of the molecules are able to
rotate with respect to each other. The use of PEG-12 Dimethicone promoted the formation of vesicles without
significant energy effort. The Si-O-Si bond angle was 130 degrees, in contrast to the 109 degrees C-C-C bond,
which increased the elasticity and stability [14]. The stage of formation of vesicles occurred with intensive
mechanical mixing of the mixture using an automatic reclosure homogenizer.
On the next step samples were diluted with ultrapure water (C=0.01%) and sonicated for 5-20
minutes using a sonicator with frequency 880 kHz and power 1 kWt.
Microscopically images of niosomes, made immediately after preparation and after sonication, are
given in Fig. 1.

Figure 1: Scanning electron microscopy (SEM) micrographs of niosomes before/after sonication
RESULTS AND DISCUSSIONS
As can be seen from Fig. 1, the original niosomes are polydisperse and multilayered. The
determination of the size of the niosomes was carried out by processing micrographs using the ImageJ
program [15]. According to the obtained data, histograms of particle size distribution were constructed.
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Figure 2: Column charts of particle size distribution in niosomal dispersions before/after sonication
Sonication leads to equalization of the distribution of niosomes in size and destruction of multilayer
structures. For given conditions (temperature, surfactant concentration), spherical single-layer niosomes of a
fixed size possess the maximum thermodynamic stability, and ultrasound irradiation facilitates the transition
by niosome to the average equilibrium form.
Fig. 3 shows the dependence of the average effective diameter by the irradiation time. It is important
to note that further ultrasonic treatment (including at increased power) does not alter the average diameter of
the niosomes (after 15 minute of sonication), which is connected with their attaining thermodynamic
equilibrium and stability.
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Figure 3: The average effective diameter as a function of irradiation time
Described method allows to obtain single-layer niosomes with controlled average diameter and
narrow size distribution in a relatively simple and easily accessible way, without use of additional processing
methods.
CONCLUSIONS
As a result of the research, the use of sonication makes it possible to obtain homogeneous niosomal
preparations that have a deeper level of penetration and enhanced selectivity of accumulation. The decrease
in the proportion of large particles in the composition of the niosomal dispersion also prevents the rapid
removal of drugs.
Additionally, cavitation processing of niosomal dispersion with the help of ultrasound contributes to
its stabilization and makes possible long-term storage without violating the integrity of the vesicles.
REFERENCES
[1]

[2]
[3]
[4]
[5]
[6]

Apoorva Agarwal, Neha Juyal, GaureeKukreti, Sachdev YadavNiosomes as targeted drug delivery
systems. International Journal of Pharmaceutical Sciences Review and Research. Vol. 12, Issue, 1, 2012.
pp.53-60.
Uchegbu FI and Vyas PS. Non-ionic surfactant based vesicles (niosomes) in drug delivery. Int.J. Pharm.
1998; 33: 172.
Schreier, H., Bouwstra, J. Liposomes and niosomes as typical drug carriers: dermal and transdermal drug
delivery.J. Controlled Release 30, 1-15.1994.
R. Gowri, P. Balaji, D. Vijayalakshmi, Mol. G. Preethy, P. Karthile Raja. Niosomes – a vesicular delivery
system. International Journal of Current Research. V5, Issue, 08, pp.2239 – 2244, 2013.
Bazikov I.A., Omelyanchuk P.A. The method of delivery of biologically active substances with the help of
niosomesRF patent 2320323; 2008.
Madhulika Pradhan, Deependra Singh, ManjuRawat Singh Novel colloidal carriers for psoriasis: Current
issues, mechanistic insight and novel delivery approaches. Journal of Controlled Release 170 (2013) pp.
380–395.

November–December

2018

RJPBCS

9(6)

Page No. 1020

ISSN: 0975-8585
[7]
[8]
[9]
[10]

[11]
[12]
[13]
[14]
[15]

Prabhakar Sharma et al. Niosome a novel approach for drug delivery system: an overview. AJPSR
volume 3 issue 5, May. 2013.
Sakthivel M et al., Non Ionic Surfactant Vesicles – A Review, Research Journal of Pharmaceutical,
Biological and Chemical Sciences, January-March 2012, Volume 3, Issue 1, pp. 604-614.
Ahuja N, Saini V, Bishnoi VK, Garg A, Hisoria M, Sharma J, et al. Formulation and evaluation of
lansoprazol noisome. Rasayan J Chem, 2008, V. 1, pp. 561-564.
Ojeda E. et al. Elaboration and Physicochemical Characterization of Niosome-Based Nioplexes for Gene
Delivery Purposes. In: Candiani G. (eds) Non-Viral Gene Delivery Vectors. Methods in Molecular Biology,
vol 1445. Humana Press, New York, NY. (2016)
Arunothayanum P et al. Extrusion of niosomes from capillaries approaches to a pulsed delivery device.
J.Cont Release 60:391, 1999.
Daniel Pando, María Matos, Gemma Gutiérrez, Carmen Pazos Formulation of resveratrol entrapped
niosomes for topical use. Colloids and Surfaces B: BiointerfacesVolume 128, 1 April 2015, pp. 398-404.
Handbook of nanostructured materials and nanotechnology. ed. H.S. Nalwa. Boston: Academic Press,
2000. p.3461
Bazikov I.A. A method for transdermal transfer of active substances using niosomes on the basis of PEG12 dimethicone. RF patent 2539396; 2014.
Diskaeva E.I., Vecher O.V., Bazikov I.A., Vakalov D.S. Particle size analysis of niosomes as a function of
temperature. Nanosystems: physics, chemistry, mathematics. 2018 Vol. 9. № 2. pp. 290-294.

November–December

2018

RJPBCS

9(6)

Page No. 1021

