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Nanoemulsions are promising for pharmaceutical industry due to a high bioavailability and increased
shelf life of the pharmaceuticals. Nanoemulsions are transparent, thermodynamically stable, isotropic
liquid mixtures of oil, water, surfactant and co-surfactant. They are emulsions with the average droplet
size ranging from 5 nm to 100 nm. Studies have shown that the size of the droplets is conditioned by
the surfactant nature. The particles can exist as oil-in-water and water-in-oil forms where the core of
the particle is either oil or water, respectively. Nanoemulsions have widespread applications in different
fields such as pharmaceutics, food technology. Nanoemulsions are promising vehicle for increasing
the aqueous solubility of poorly water-soluble drugs. The ability of nanoemulsions to dissolve large
quantities of hydrophobics, along with their ability to protect the drugs from hydrolysis and enzymatic
degradation make them ideal vehicles for the purpose of parenteral transport. The frequency and
dosage of injections can be reduced throughout the drug therapy period as these emulsions guarantee
the release of drugs in a sustained and controlled mode over long periods of time. Nanoemulsions
have many advantages; for instance, enhance drug solubility, perfect thermodynamic stability, ease
of manufacturing and permeation over conventional formulations that convert them to important drug
delivery systems. Additionally, the lack of flocculation, sedimentation and creaming combined with a
large surface area offer obvious advantages over emulsions of the larger particle size. Nanoemulsions
containing pharmaceutically active agents can be used for production of pharmaceuticals, in which the
nanoemulsion being mixed as an active component with a solid or liquid vehicle suitable for therapeutic
use. The mixture can be in the medicinal form required. For example, it can be produced in such
medicinal forms as ampoules, especially sterile solutions for injections and infusions or for oral application;
eye drops and nose drops containing various excipients; nondosing and dosing aerosols containing
propellants and stabilizers; hydrophilic and hydrophobic gels and ointments; o/w or w/o creams;

lotions and pastes.

Nanoemulsions are emulsions with mean droplet dia-
meters ranging from 50 to 1000 nm. The particles can
exist as oil-in-water and water-in-oil forms where the core
of the particle is either oil or water, respectively [15].

Nanoemulsions are also referred to as miniemulsions,
ultrafine emulsions and submicron emulsions. Studies
have shown that the size of the droplets is conditioned
by the surfactant nature.

The ability of nanoemulsions to dissolve large quan-
tities of hydrophobics, along with their ability to protect
the drugs from hydrolysis and enzymatic degradation
make them ideal vehicles for the purpose of parenteral
transport. The frequency and dosage of injections can
be reduced throughout the drug therapy period as these
emulsions guarantee the release of drugs in a sustained
and controlled mode over long periods of time. Additio-
nally, the lack of flocculation, sedimentation and cream-
ing combined with a large surface area offer obvious
advantages over emulsions of the larger particle size.
Very large interfacial area positively influences on the
drug transport and their delivery [1, 13].

Advantages of nanoemulsions
* Nanoemulsions are the way to improve water so-

lubility and ultimate bioavailability of lipophilic

drugs [8];

Nanoemulsions have been reported to make the plas-
ma concentration profiles and bioavailability of drugs
more reproducible [5, 8];

Fine oil droplets empty rapidly from the stomach and
promote a wide distribution of the drug throughout
the intestinal tract and thereby minimizing irrita-
tion[12];

Nanoemulsions have a higher solubilization ability
than simple micelle solutions and their thermody-
namic stability offers advantages over unstable dis-
persions such as emulsions and suspensions [14];
They also provide ultra low interfacial tension and
large o/w interfacial areas [14];

Nanoemulsions may possess high kinetic stability
and optical transparency resembling to microemul-
sions [21];

The structures in the nanoemulsions are much small-
er than the visible wavelength, so most nanoemul-
sions appear to be optically transparent, even at great
loading [21];

Nanoemulsions have a potential to deliver peptides
that are prone to enzymatic hydrolysis in the GIT [16];
Nanoemulsions have a higher surface area and higher
free energy than macroemulsions that make them an
effective transport system [11];
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* Problems of inherent creaming, flocculation, coa-
lescence, and sedimentation, which are commonly
associated with macroemulsions, are not seen in na-
noemulsions [2];

*  They are non-toxic and non-irritant, so can be easily
applied to the skin and mucous membranes [18];

* Nanoemulsions are formulated with surfactants ap-
proved for human consumption, so they can be taken
by the enteric route [20];

*  They do not damage healthy human and animal cells,
so nanoemulsions are suitable for human and vete-
rinary therapeutic purposes [9].

Disadvantages of nanoemulsions
*  The formulation of nanoemulsions is an expensive

process due to size reduction of droplets is very dif-

ficult as it required a special kind of instruments

and process methods [4, 6].

Three types of Nanoemulsions are most likely to be
formed depending on the composition:

*  O/W Nanoemulsions, wherein oil droplets are dis-
persed in the aqueous phase;

*  W/O Nanoemulsions, wherein water droplets are
dispersed in the oil phase;

*  Bi-continuous Nanoemulsions.

In all three types of nanoemulsions [17], the sys-
tem is stabilized by an appropriate combination of sur-
factants and/or co-surfactants.

Components of Nanoemulsion

The main components of Nanoemulsions are as fol-
lows:

* oil;

e surfactants;

* co-surfactants.

Nanoemulsions are colloidal dispersions composed
of an oil phase, aqueous phase, surfactant and cosur-
factant at appropriate ratios. Unlike coarse emulsions
micronized with external energy nanoemulsions are based
on low interfacial tension. This is achieved by adding a
co-surfactant, which leads to spontaneous formation of
a thermodynamically stable nanoemulsion. The droplet
size in the dispersed phase is very small, usually below
140 nm in diameter, which makes the nanoemulsions
transparent liquids [23]. In principle, nanoemulsions can
be used to deliver drugs to the patients via several routes,
but the transdermal application of nanoemulsions has
gained increasing interest.

The surfactants used to stabilise such systems may be:
*  non-ionic;

e zwitterionic;

e cationic;

* anionic.

A combination of ionic and non-ionic surfactants
can be very effective in stabilization of nanoemulsions.
Attempts have been made to rationalise the surfactant
behaviour in terms of the hydrophilic-lipophilic balance
(HLB)[3], as well as the critical packing parameter (CPP).
[7, 10] The HLB takes into account the relative contri-
bution of hydrophilic and hydrophobic fragments of the
surfactant molecule. It is generally accepted that low
HLB (3-6) surfactants are favoured for the formation

of w/o nanoemulsions, whereas surfactants with high
HLBs (8-18) are preferred for the formation of o/w na-
noemulsion systems.

Methods of Preparation of Nanoemulsions

High Pressure Homogenization

This method makes use of high-pressure homogeni-
zer/piston homogenizer to produce nanoemulsions of
extremely low particle size (up to 1 nm). During this
process, several forces, such as hydraulic shear, intense
turbulence and cavitation, act together to yield nanoemul-
sions with extremely small droplet size. The resultant
product can be re-subjected to high-pressure homogeniza-
tion until a nanoemulsion with the desired droplet size and
polydispersity index is obtained. The production of small
droplets (submicron) requires application of high energy.

Microfluidization

Microfluidization is a patented mixing technology,
which makes use of a device called microfluidizer. This
device uses a high-pressure positive displacement pump
(500-20,000 psi), which forces the product through the
interaction chamber consisting of small channels called
“microchannels”. The product flows through the micro-
channels on to an impingement area resulting in very
fine particles of the submicron range. The two solutions
(aqueous phase and oily phase) are combined together
and processed in an inline homogenizer to yield a coarse
emulsion [15]. The coarse emulsion is introduced into
a microfluidizer where it is further processed to obtain
a stable nanoemulsion. The coarse emulsion is passed
through the interaction chamber of the microfluidizer re-
peatedly until the desired particle size is obtained. The
bulk emulsion is then filtered through a filter under ni-
trogen to remove large droplets resulting in a uniform
nanoemulsion.

Phase Inversion Temperature Method

Phase inversion temperature (PIT) method employs
temperature-dependent solubility of nonionic surfactants,
such as polyethoxylated surfactants, to modify their af-
finities for water and oil as a function of the temperature.
It has been observed that polyethoxylated surfactants
tend to become lipophilic on heating owing to dehydration
of polyoxyethylene groups. This phenomenon forms a
basis of nanoemulsion fabrication using the PIT method.
In the PIT method, oil, water and nonionic surfactants
are mixed together at room temperature. This mixture
typically comprises o/w microemulsions co-existing with
excess oil, and the surfactant monolayer exhibits posi-
tive curvature. When this macroemulsion is heated gradu-
ally, the polyethoxylated surfactant becomes lipophilic
and at higher temperatures, the surfactant gets completely
solubilized in the oily phase and the initial o/w emul-
sion undergoes phase inversion to w/o emulsion. The
surfactant monolayer has a negative curvature at this
stage. This method involves heating of the components
and it may be difficult to incorporate thermolabile drugs,
such as tretinoin and peptides, without affecting their
stability. Although it may be possible to reduce the PIT
of the dispersion using a mixture of components (sur-
factants) with suitable characteristics, in order to mini-
mize degradation of thermolabile drugs.
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Solvent Displacement Method

The solvent displacement method for spontaneous
fabrication of nanoemulsion has been adopted from the
nanoprecipitation method used for polymeric nanopar-
ticles. In this method, the oily phase is dissolved in wa-
ter-miscible organic solvents, such as acetone, ethanol
and ethyl methyl ketone. The organic phase is poured
into the aqueous phase containing a surfactant to yield
a spontaneous nanoemulsion by rapid diffusion of the
organic solvent. The organic solvent is removed from
the nanoemulsion by a suitable means, such as vacuum
evaporation. Spontaneous nanoemulsification has also
been reported when the solution of organic solvents
containing a small percentage of oil is poured into the
aqueous phase without any surfactant.

Phase Inversion Composition Method (Self-Nano-
emulsification Method)

This method has drawn a great deal of attention from
scientists in various fields (including pharmaceutical
sciences) as it generates nanoemulsions at room tempera-
ture without use of any organic solvent and heat. Kineti-
cally stable nanoemulsions with the small droplet size
(~50 nm) can be generated by the stepwise addition of
water into the solution of a surfactant in oil with gentle
stirring and at constant temperature. The spontaneous
nanoemulsification has been related to the phase transi-
tions during the emulsification process and involves la-
mellar liquid crystalline phases or D-type bicontinuous
microemulsion during the process. Nanoemulsions ob-
tained from the spontaneous nanoemulsification process
are not thermodynamically stable, although they might
have high kinetic energy and long-term colloidal stability.

Application of nanoemulsions

Nanoemulsions containing pharmaceutically active
agents can be used for production of pharmaceuticals,
the nanoemulsion being mixed as the active component
with a solid or liquid vehicle suitable for therapeutic ad-
ministration. The mixture can be in the medicinal form
required. For example, it can be produced in such me-
dicinal forms as ampoules, especially sterile solutions
for injections and infusions or for oral application; eye
drops and nose drops containing various excipients; non-
dosing and dosing aerosols containing propellants and
stabilizers; hydrophilic and hydrophobic gels and oint-
ments; o/w or w/o creams; lotions and pastes.

Ocular Delivery

Oil-in-water emulsions are being explored for im-
proved topical lipophilic drug delivery to the eye. Lipo-
philic drug loaded o/w ocular emulsions provide equiv-
ocally a better balance between ocular bioavailability
improvement and the patient comfort following topical
instillation into the eye e.g. Piroxicam, pilocarpine, in-
domethacin, cyclosporine A [22].

Percutaneous Route

Many drugs exhibit low skin penetration, which re-
sults in poor efficacy. As opposed to common chemical
skin penetration enhancers, organic solvents, which are
generally associated to some degree with skin irritation,
toxicity and sensitization, a solvent free topical vehicle
based on drug entrapment in the o/w emulsion droplets

of submicron size is more efficacious in terms of per-
cutaneous absorption with possibly devoid of adverse
effects. In addition, the uniqueness of the large inter-
nal hydrophobic core of o/w submicronized emulsion
droplets allows high solubilization capacity for water
insoluble topically active medicines and also provides
water penetration, an excellent softener, to the skin e.g.
Diazepam, a-tocopherol, antifungal drugs (econazole or
miconazole nitrate), EMLA (eutectic mixtures of local
anaesthetic) have proven to be useful medicines even
for children. The mixture is an emulsion containing li-
docaine and prilocaine. This cream gives an effective
deep sedation [22].

Nasal Route

The nasal route has received great attention due to
number of advantages over parenteral and oral admi-
nistration especially by-passing the liver metabolism. Na-
noemulsions increase absorption by solubilizing the drug
in the inner phase of an emulsion and prolonging the
contact time between emulsion droplets and nasal mu-
cosa e.g. a lipid soluble rennin-inhibitor was incorpo-
rated into an o/w emulsion. Enhanced and prolonged
in vivo nasal absorption was observed in the emulsion
compared to the aqueous suspension. Other drugs, which
have been formulated for nasal delivery, are insulin and
testosterone.

Pulmonary Delivery

A novel pressurized aerosol system has been devised
for the pulmonary delivery of salbutamol using leci-
thin-stabilized microemulsions formulated in trichloro-
trifluoroethane [8].

Use of Nanoemulsions in Cosmetics

Due to their lipohilic interior, nanoemulsions are more
suitable for the transport of lipophilic compounds than
liposomes. Similar to liposomes, they support the skin
penetration of active ingredients and thus increase their
concentration in the skin. Another advantage is the small-
sized droplet with its high surface area allowing effec-
tive transport of the medicine to the skin. Furthermore,
nanoemulsions gain increasing interest due to their own
bioactive effects. This may reduce the trans-epidermal
water loss (TEWL), indicating that the barrier function of
the skin is strengthened. Nanoemulsions are acceptable
in cosmetics because there is no inherent creaming, sedi-
mentation, flocculation or coalescence observed within
macroemulsions. The incorporation of irritating surfactants
can often be avoided by using high-energy equipment
during manufacturing [19].

Antimicrobial Nanoemulsions

Antimicrobial nanoemulsions are oil-in-water droplets
that range from 200-600 nm. They are composed of oil
and water and are stabilized by surfactants and alcohol.
The nanoemulsion has a broad spectrum activity against
bacteria (e.g., E. coli, Salmonella, S. aureus), enveloped
viruses (e.g., HIV, Herpes simplex), fungi (e.g., Can-
dida, Dermatophytes), and spores (e.g., Anthrax). The
nanoemulsion particles are thermodynamically driven
to fuse with lipid-containing organisms. This fusion is
enhanced by the electrostatic attraction between the ca-
tionic charge of the emulsion and the anionic charge
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on the pathogen. When enough nanoparticles fuse with
the pathogens, they release part of the energy trapped
within the emulsion. Both the active ingredient and the
energy released destabilize the pathogen lipid mem-
brane, resulting in cell lysis and death [22].

CONCLUSIONS

The importance of design and development of emul-
sion nanocarrier systems aimed at controlling and/or im-
proving required bioavailability levels of therapeutic
agents cannot be overemphasized. Nanoemulsions are
promising as useful dispersions of deformable nanoscale

droplets that can have different flow properties and op-
tical properties ranging from opaque to nearly transpar-
ent. Moreover, it is very likely that nanoemulsions will
play an increasingly important role commercially. Na-
noemulsions offer several advantages for the delivery
of drugs and are thus receiving increasing attention as
drug carriers for improving the delivery of active phar-
maceutical ingredients. They are applicable for almost
all routes of delivery, and therefore, are promising for
different fields, for example, for cosmetics, pharmacy
or biotechnology.
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HAHOEMYIbCIi AK NEPCMEKTUBHI CACTEMU JOCTABKW NIKAPCbKUX 3ACOEIB

10.B.Cokorsoe

Knroyoei cnoea: HaHoemyrnbcii; docmaeka rikapcbKux 3acobig; Memod rpu2omyeaHHsi;

6iodocmyrnHicmeb

HaHoemynbcii € nepcnekmusHUMU y chapmayeemudyHil npomMucriogocmi 3ag0siKu 8UUOMY 3HA4YEHHIO
b6io0ocmynHocmi ma 36irbWeHH cmpoKy rpudamHocmi ghapmau,esmuyHoi npodykuii. HaHoemyrnbcii—
rpo30opi, mepMoOUHaMiYHO cmiliki, i30mpornidHi piOki cymiwi onii, 00u, cypcghakmaHmy i Ko-cypghak-
maHmy. BOHU € eMyrnbcissmu 3 cepelHiM po3MipoM YacmuHOK 8i0 5 HM 0o 100 HM. Po3mip YacmuHOK
3anexums 8i0 cknady emyrbcil. YacmuHKu MOXymb iCHyg8amu y ¢hopmax «orsisi-8-800i» abo «e8oda-
8-01ii», 8 AKUX A0POM YaCMmUHKU € onisi Yu 8o0a. HaHoemyrbcii Oyxe nowupeHi 8 pisHUX 2asny3sX,
Hanpuknad, y eupobHuymei nikie abo xap4yositi mexHonoezii. HaHoemynbcii — nepcnekmusHul mpaHc-
nopmHud 3acib 05 nikapcbKux 3acobie, siki € no2aHo po34YUHHUMU y 800i. 30amHicmb HaHOeMyrlb-
Cill PO34UHAMU Y 8E/IUKUX KillbKOCmsX 2i0poghOobHI peqosuHU, a maKoX 3axuujamu peqyosuHU 8id
2idponisy ma ghepmeHmornizy pobums ix ideansHUMU 3acobamu 0nisi napeHmepasbHoi docmasku JIP.
Yacmoma i 0o3ysaHHs1 iH’eKUil MOXXymb 6ymu 3MeHWeHi Ha npomsidi cbo2o repiody meparii, m. 5.
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ui emyrnscii 3abeaneqytomes 1OCMyrnog8e ma KeposaHe 8UBINIbHEHHS NlIKapCbKux 3acobie 8rpodosx
mpusanozo nepiody vyacy. HaHoemynbcii Mmaromb 6a2amo nepesaz; Hanpukiad, 36inbUWeHHST po3-
YuHHOCMI JliKie, 8iOMiHHa mepmoduHamiyHa cmabifibHicmb, fie2kicme 8UpPObHUYMEa i MPOHUKHEHHST
8 opzaHu ma/abo mkaHUHU, Wo pobums ix 8axugumMmu cucmemamu 0oCmasKu JikapCbKux 3acobis.
Kpim moeo, gidcymHicmb ¢brioKynsuii, ceOumeHmauii ma po3wapyeaHHsi 8 noedHaHHI 3 86/IUKOHO r1/10-
Wieto MoeepxHi € Hass8HO NMepesazoro y MOPIBHSIHHI 3 eMybCiIMU 3 8€JIUKUM PO3MIPOM YacmUHOK.
HaHoemynbcii, wjo micmsams ¢hapmauyesmuyHO akmueHi iHepedieHmu, MoxXymbe 6ymu eukopucma-
Hi 81 ompuMaHHs1 ¢hapMauesmuyYHUX rpernapamis, 8 KUX HaHOeMYysbCii 3MillyrombCs 8 SsKocmi
aKmueHO20 KOMINoHeHmMy 3 meepoum abo pidkum Hociem, npudamHum 01T mepanesmu4yHo20 3a-
cmocyeaHHs. Cymiwi MoxxHa Hadamu HeObXiOHy nikapCbKy ¢hopMy: pO34UHY, 8 M. Y. iH'€KUIlIHO20,
iHgby3iliHO20 i 811 MepopanibHO20 3acMOCy8aHHsI; O4YHUX Kparerb i Ha3anbHUX Kpanesb, UWo Micmsamb
pisHoMaHImHi AOroMiKHI pe4o8UHU; aepo3orieli — 00308aHUX YU HEA0308aHUX, sIKi Micmsimb rpo-
neneHmu i cmabinizamopu; 2idpoghinbHUX i 2idpohobHUX 2efig i Ma3el; Kpemie «o/8» abo «8/0»;
JiocboHig abo nacm.

HAHO3MYJIbCUU KAK MEPCMNEKTUBHBLIE CUCTEMbI JOCTABKU NNEKAPCTBEHHbIX
CPEAOCTB

FO.B.Cokornoe

Knroyeenie cnoea: HaHOIMYyrnbcusi; docmaska fieKapCmeeHHbIX cpedcme; Memod rpu2omoerieHuUs;
6uodocmynHocmb

HaHoamynbcuu nepcriekmusHbl 8 ¢hapmMauesmuyeckoll MpombiweHHocmu 6rnazodapsi 8bicokol buo-
docmynHOCMU U y8eslU4eHUI0 CpoKa XpaHeHusi ghapmayesmudeckol npodykyuu. HaHoamynscuu —
rpo3payHbie, MepMoOUHaMUYECKU CMoOLKUe, U30mporudyeckue XuoKue cMmecu mMacsa, 800bl, cypghak-
maHma u ko-cypghakmaHma. OHU A6/1110mCcs 3MySIbCUSIMU CO CPEOHUM pa3MepoM Yacmuy, om 5 HM
8o 100 Hm. Pasmep yacmuy 3agucum om cocmasa aMmyrnbcuu. Yacmuuybli Mmo2ym cyuecmeosams
8 ghopme «Macrio-8-800e» U «800a-8-macrie», 8 KOmopbix S0pOM Yacmuubl S67510MCcs Macso unu
g00a. HaHoaMyrbCUU WUPOKO pacrpocmpaHeHbl 8 pa3HbIX OmMpacrsix, Hanpumep, 8 npouzsodcmeaee
Jiekapcme unu nuuiesol mexHonoauu. HaHoamynbcuu — nepcrnekmusHoe cpedcmeo 0Or1si docmasku
JIunogburnbHbIX akmueHbIX ¢hapmauesmuyeckux uHepedueHmos. CriocobHocmb HaHO3MYIbCcul pac-
meopsimb 8 6onblWUX Kortudecmeax audpoghobHble gewecmea, a makxe 3awuuwams eeujecmsa
om audpornusa u chbepmeHmorsu3sa desnarom ux udeasnbHbiMu cpedcmeamu Orisi napeHmeparbHol 0o-
cmasku JIC. Hacmoma u do3a uHbekyuli Moaym 6bimb yMeHbUWEHbI Ha MPOMsiXeHUU 8cea0 rnepuo-
O0a mepanuu, m. K. 3mu aMynbcuu obecrequsarom rnocmerneHHoe U yrpaensemoe 8bic8060X0eHuUe
JiekapcmeeHHbIX cpedcme 8 medyeHue OrnumesibHo20 rnepuoda spemeHU. HaHoamynbcuu umerom
ps0 npeumywiecms. ygenudeHue 6uodocmynHocmu rpernapamos, mepModuHamuyeckasi cmaburib-
HOCMb, 51e2KOCMb MPOHUKHOBEHUSI 8 op2aHbl u/unu mkaHu. Kpome mozo, omcymcmeue ¢brioKKyssi-
yuu, ceQumeHmauyuu U paccrioeHusi 8 codemaHuu ¢ bonbwol nnowadbko No8epxHOCMuU S6/1910m-
CSs1 04eBUOHBIMU MPEUMyU,ecmeamu o CPABHEHUI C IMYSbLCUSMU ¢ 60bWUM pasMepoM Yacmuy,.
HaHoamynbcuu, codepxaujue chapmayesmuyecku akmusHble UH2pedueHmbl, Mo2ym 6bimb UCrOosib-
308aHb! 07151 NOyqeHUs: ¢hapmauesmuyeckux npenapamos, 8 KOmopbiX HaHOIMYbCUU cMewusa-
romcsi 8 Kayecmee akmueHO20 KOMIOHeHma ¢ meepobIM Usu XUGKUM Hocumesiem, nooxoossujum Orsi
meparnesmuyecko2o rpumeHeHusi. CMecu MOXHO ripudams He0OX0OUMYIO 11IeKapCMeEEHHYH hopMy:
pacmeopa, 8 m. 4. UHbEeKUYUOHHO20, UH(hY3UOHHOZ0 U OJis1 MepopasibHO20 NMPUMEHEHUST; 2/1a3HbIX Ka-
nesnb U HasallbHbIX Karesb, cooepxaujux pasfiuyHbie ecriomMozamersibHble seujecmea; a3po3onel —
0o3supyeMbix U Hedo3UpyeMbIX, codepxxalyux npornesnneHmsi U cmabunu3amopsbl; 2u0POGUITLHLIX U
2uOpoghobHbIX 2enell u masell; KpeMos «M/8» Uru «8/M»; TOCbOHO8 UsU nacm.



