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Abstract
Received on: 8.9. 2018 Lipid nanoparticles, including nanoemulsions (NEs) and nanostructured lipid
Revised on: 4. 10. 2018 carriers (NLCs) are coIIc_)idaI car_riers with a lipid n_1atrix t_hat _is solid at bod_y
temperature. These colloidal carriers have attracted increasing interest for their
Accepted on: 10. 11. 2018 use in therapeutic and cosmetic applications. The performance of lipid

nanoparticle formulations is greatly influenced by their composition and
structure. Lipid nanoparticles are generally composed of lipids, surfactants and

*Correspondence Author: co-surfactants. The lipid materials used in the production of lipid nanoparticles
Business Tel: are usually solid at room temperature. Being well-tolerated in physiological
+01010763817 conditions, lipid nanoparticles are typically biocompatible. Liquid lipids, or

oils, are specifically used for production of NLCs. In most cases, lipid
E-mail address: nanoparticles are produced as dispersions and surface-tailored with surfactants

to improve dispersion stability. It was shown that NLCs reveal some
advantages for drug therapy over conventional carriers, including increased
solubility, the ability to enhance storage stability, improved permeability and
bioavailability, reduced adverse effect, prolonged half-life, and tissue-targeted
delivery.
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1. Introduction

Nanotechnology provides many benefits to drug the inefficiency qnd side effects o_f free dru_gs. The
delivery systems. new systems have been latest ac_ivances in nanotechnologies, espec!ally in
extensively studied to enhance the efficacy of nanoparticles, make them more favorable in drug
therapeutic agents such as liposomes, micelles, discovery, delivery of therapeutlcs,_and diagnostics
dendrimers, and metal colloidal (diameters less (Yang et al., 2006). The nanoparticles (NPs) have
than 100 nm) (Agarwal et al., 2008; Cho et al., many advantages as drug delivery systems such as
2008; Kaur et al., 2008; Parveen and Sahoo, 2008; targeting the drugs to specific sites of action, organ or
Tallury et al., 2008). Because of their small size tissues, delivery of biological molecules such as
and excellent biocompatibility, nano-sized drug proteins, peptides, and oligonucleotides, and protection
carriers have a small size and excellent of drugs against degradation. many applications of
biocompatibility, which enable them to circulate drug nanoparticles have been studied such as
in the bloodstream for a long period of time, reach systemic drug dellvgry _of blqd_egrgdable
the target site, effectively deliver therapeutic nanoparticles and drug dissolution modification of

agents and all the while minimizing non-biodegradable nanoparticles (Brannon-Peppas,
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(Brannon-Peppas, 1995; Couvreur et al., 1995;
Schmidt and Bodmeier, 1999; Soppimath et al.,
2001). Advanced applications for drug
nanoparticles vary from drug targeting and
delivery (Brigger et al., 2012; Chawla and Amiji,
2002; Couvreur et al., 1995; Labhasetwar et al.,
1997; Soppimath et al., 2001; Vauthier et al.,
2003; Yang and Alexandridis, 2000) to even
gene(Cohen et al., 2000; Lambert et al., 2001,
Panyam and Labhasetwar, 2003) and protein
therapies (Damge et al.,, 1990; Damge et al.,
1997). Administration of nanoparticles by
different routes, for example, parenteral
(Brannon-Peppas, 1995) ocular (Gurny et al.,
1985; Khopade and Jain, 1995; Pignatello et al.,
2002), transdermal (De Vringer and De Ronde,
1995), and oral routes have been studied.
Nonetheless, the oral route is still the most
appropriate, preferred, and in many cases, also the
most inexpensive method of drug administration
(Barratt, 2000; Damge et al., 1990; De Jaeghere et
al., 2001; Kreuter, 1991; Mdller et al., 2001;
Shekunov and York, 2000).

Nanoparticles have three main basic properties
make them more favorable for drug delivery
applications, these properties are:

1- Their small particle size which allows them to
penetrate through smaller capillaries, so ensure
efficient drug accumulation at the target sites
(Panyam et al., 2002a; Sahoo et al., 2004).

2- Nanoparticle preparation makes use of
biodegradable materials can allow sustained drug
release within the target site over a period of days
or even weeks (Panyam and Labhasetwar, 2004;
Panyam et al., 2002b; Prabha and Labhasetwar,
2004).

3-Modification of the nanoparticle surface to alter
the biodistribution of drugs or can be conjugated
to a ligand to achieve target-specific drug delivery
(Moghimi et al., 2001; Moghimi and Hunter,
2001).

2. The advantages of using nanoparticles as
drug delivery system include:

- Stable dosage forms of drugs which are either
unstable (Alai and Lin, 2015; Bhadra et al., 2016)
or have unacceptably low bioavailability in non-
nanoparticulate dosage forms (Madgulkar et al.,
2016; Ramalingam and Ko, 2016). (2) they
control and sustain release of the
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drug during the transportation and at the site of
localization (Behera and Sahoo, 2012), altering
organ distribution of the drug and subsequent
clearance of the drug so as to achieve increase in
drug therapeutic efficacy and reduction in side
effects (Kadam et al., 2012).

- Site-specific targeting can be achieved by
attaching targeting ligands to surface of particles or
use of magnetic guidance (Lungu et al., 2016;
Mohanraj and Chen, 2006).

- Controlled release and particle degradation
characteristics can be readily modulated by the
choice of matrix constituents. Due to
biodegradability, pH, ion and/or temperature
sensibility of materials they allow sustained drug
release within the target site over a period of days or
weeks (Jung et al., 2000; Sahoo and Labhasetwar,
2003).

- They can pass through smallest capillary vessels
and be taken up by cells, which allow efficient drug
accumulation at the target sites (Desai et al., 1996;
Desai et al., 1997; Panyam et al., 2003) because of
their ultra-tiny volume and avoiding rapid clearance
by phagocytes so their duration in bloodstream is
greatly prolonged. This is especially needed for
tumors which are characterized by extensive
angiogenesis, defective vascular architecture,
impaired lymphatic drainage and increased
production  of  permeability  factors.  This
phenomenon is known as the enhanced permeability
and retention effect (Jung et al., 2000; Maeda et al.,
2000; Yang et al., 2006).

- Increased active agent surface area results in a
faster dissolution of the active agent in an aqueous
environment, such as the human body. Faster
dissolution generally equates with greater
bioavailability, smaller drug doses, less toxicity
(DUGGAL, 2011).

- Can be used for various routes of administration,
including oral, nasal, intra-ocular and surface
characteristics can be easily manipulated to achieve
both passive and active drug targeting after
parenteral administration

- Reduction in fed/fasted variability

- Due to the grand bioavailability, better
encapsulation, control release, and less toxic
properties, various nanoparticle systems with
biodegradable polymers such as PLGA, PLA,
chitosan, and gelatin are utilized for delivery of
drugs of various types of diseases with better
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efficacy (Kumari et al., 2010).

- In recent years oral bioavailability of many of
poorly water-soluble drugs can be improved by
incorporating drugs into pH-sensitive
nanoparticles.

- Nanoparticles are now used to study the
expression of therapeutic genes, is a useful tool
for gene therapy.

- Pharmaceutical nano-carriers, that are designated
as nanoparticulate drug delivery  systems
(NPDDS), can be classified in different ways,
which are according to the raw materials,
physicochemical characteristics (size, charge,
number of lamellae, permeability), preparation
methods, in vivo behavior. In a classification
according to the materials used in their
preparation, NPDDS can be of lipidic nature as
liposomes, micelles, Transfersomes, and solid
lipid nanoparticles, or of polymeric nature as
nanoparticles, micelles, and niosomes (Couvreur
and Vauthier, 2006; Crommelin et al., 2003;
Torchilin, 2012).

- Different materials can be used to prepare
nanoparticles such as proteins, polysaccharides,
and synthetic polymers. The selection of matrix
materials is dependent on several factors,
including (a) the required nanoparticles size; (b)
characteristic properties of the drug, e.g., aqueous
solubility and stability; (c) surface characteristics
such as charge and permeability; (d) degree of
biodegradability, biocompatibility and toxicity;
(e) required drug release profile; and (f)
Antigenicity of the final product.

3. Nanoemulsions (NESs)

NEs are medication delivery systems comprising
of emulsified oil and water systems with mean
droplet diameters ranging from 50 to 1000 nm.
Generally, the normal droplet size is somewhere
around 100 and 500 nm and can exist as oil-in-
water (o/w) or water-in-oil (w/0) form, where the
internal phase is either oil or water, separately.

4. Composition of nanoemulsion

NEs are formulated easily and sometimes
spontaneously, generally without high-energy
input. In many cases, a combination of a
surfactant and cosurfactant are used with the oil
and the water phases.
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Depending on the composition of the NEs, Three
types (Mishra et al., 2014) are most likely to be
formed:

- Oil in water NEs where the oil droplets are
dispersed in the continuous aqueous phase

- Water in oil NEs where the water droplets are
dispersed in the continuous oil phase

- Bi-continuous NEs where the microdomains of oil
and water are inter-dispersed within the system.

In all the types of NEs, the interface is stabilized by

an appropriate combination of surfactants and co-
surfactants. The ability of NEs to dissolve a large
amount of low soluble medications alongside their
common capacity to shield the medications from
hydrolysis and enzymatic break down make them
perfect medication conveyance vectors
(Thiagarajan, 2011). These systems have points of
interest for medication conveyance, for example, the
utilization of physiologically tolerated lipids, large-
scale production, prevent the medications from
destruction, enhanced bioavailability, controlled-
release qualities (MuEller et al., 2000), Increase the
rate of absorption, Provide aqueous dosage form for
water-insoluble drugs, Various routes can be used to
deliver the drug like topical, oral and intravenous,
Rapid and efficient penetration of the drug, Helpful
in masking the taste and require Less amount of
energy (Mishra et al., 2014).

5. Potential problems associated with NEs

The flaws of NEs are poor drug loading capacities,
medication deterioration during storage (Yuan et al.,
2007), the use of large amount of surfactant and co-
surfactant, NEs stability is influenced by
environmental parameters such as temperature and
pH. These parameters may change when delivery to
patients (Alvarez-Figueroa and Blanco-Mendez,
2001). In addition, a reason preventing a wide
presentation of lipid emulsions (LEs) is that they
have physical instability that can be increased by the
joined drug (Teeranachaideekul et al., 2007). The
flaws of NEs are overcome or minimized by the
development of a novel type nanoparticle called
Nanostructured lipid carriers (NLCs).

6- Nanostructured lipid carriers (NLCs)

NLCs made out of a strong lipid network with a sure
substance of a fluid lipid are another era of lipid
nanoparticle. the employment of a lipid mix of solid
and liquid forms can deform the production of a
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perfect crystal. The particle-matrix contains
imperfections, providing space to accommodate
the drug molecules in amorphous clusters (Jores et
al., 2005). NLCs are viewed as a more advanced
era of nanoparticles, which have enhanced
properties for drug loading, adjustment of the
delivery profile, and stable medication during
storage (Muller et al., 2007). NLCs have many
characteristics that are advantageous for dermal
application. They can improve the absorption of
the incorporated drug into the skin because of
their small size that makes close contact with the
stratum corneum and the occlusion properties of
lipid nanoparticles that increase the skin hydration
(Kichler et al., 2010; Liu et al.,, 2007). In
addition, lipid nanoparticles can enhance the
chemical stability of compounds sensitive to light,
hydrolysis, and oxidation (Jee et al., 2006; Puglia
et al., 2006). Therefore, lipid nanoparticles have
been used extensively to improve the skin uptake
of several drugs (Sanna et al., 2010; Shah et al.,
2007). Because of the lipophilic content of the
NLCs, they are considered especially helpful in
the administration of lipophilic medications.

7. Types of nanostructured lipid carriers

There are different types of NLC, That differ
according to the composition of lipid mixture and
the way of production (Patidar et al., 2010).

- NLCs type I (imperfect crystal type), this type is
obtained by mixing a small amount of liquid lipids
with solid lipid.

In this type, The matrix of the NLCs is unable to

form highly ordered structures resulting in
structural imperfections due to the different chain
lengths of the various fatty acids and mixture of
mono-, di- and triacylglycerols used during their
preparations (Mdller et al., 2002).

- NLCs type Il (amorphous type) in this type,
Special lipids that do not recrystallize after
homogenization and cooling of nanoemulsion
such as hydroxy octacosanyl hydroxy stearate,
isopropyl myristate, dibutyl adipate are used.

These lipids form solid particles with an
amorphous  structure, which decrease the
expulsion of the drug, prevent crystallization
because the matrix is in the polymorphic o form.
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- NLCs type Il (multiple types) in this type, solid
lipids are mixed with oils, e.g. medium and long-
chain triacylglycerols (Hu et al., 2006; Souto et al.,
2004), oleic acid (Hu et al., 2005) in such a
proportion that the solubility of the oil molecules in
the solid lipid is passed.

On cooling of the nanoemulsion, the lipid droplets
reach the miscibility gap resulting in precipitation of
oil, thereby resulting in the formation of tiny oil
droplets. Subsequent solidification of the solid lipid
surrounding these droplets leads to fixation of the
oily nano compartments. Increase in loading
capacity for a drug of higher solubility in liquid
lipids than in solid lipids is the advantage of this
model (Jenning et al., 2000).

8. Preparation of nanoparticulate structure

Broadly speaking, energy is normally required in
emulsion formulation in light of the fact that the
procedure may be non-spontaneous. The creation of
nanoemulsions expenses more energy than that
required to deliver macroemulsions (Tadros et al.,
2004).

The existence of surfactants lowers the surface
tensions in the middle of oil and water. During
emulsification, an expansion in the interface
happens and this makes a lessening in surface
excess. The balance is restored by adsorption of
surfactant from the bulk, yet this takes additional
time (shorter times happen at the higher surfactant
activity) (Tadros et al., 2004). In practice, usually
we use mixtures of surfactant and these have
vigorous effects on surface tension. Some particular
surfactant blends give lower surface tension values
than both of the two individual segments. Polymer-
surfactant blends may demonstrate some synergistic

surface activity. An essential part of the emulsifier
prohibits  shear-induced  coalescence  during
emulsification. The prerequisite is that the
continuous- stage has a large surplus of surfactant.
This overabundance empowers new surface area of
the Nano-scale droplets to be quickly coated during
emulsification, thus hindering shear-induced
coalescence. This excess is mainly in the form of
surfactant micelles in the continuous- stage. These
micelles separate into monomers that quickly adsorb
onto the surfaces of recently made droplets (Mason
et al., 2006). High-energy emulsification routines
make utilization of instruments that utilize high
mechanical energy to make nanoemulsions with
high kinetic energy. The high-energy technique uses
mechanical instruments to make serious disruptive
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forces which separate the oil and water stages to
make Nano-sized droplets. This can be
accomplished with ultrasonicators, microfluidizer
and high shear Homogenizers (Graves et al.,
2005; Jafari et al., 2007; Mason et al., 2006).
Molecule size here will rely on the type of
instruments utilized and their working conditions
like time and temperature alongside sample
properties and compositions (Qian and
McClements, 2011). There are different
formulation process used to prepare NEs and
NLCs such as high-pressure homogenization
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