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Powdered Lipid Nano and Microparticles: Production and Applications
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Abstract: This review details articles and recent patents in an emerging topic called powdered form of nano- and mi-
croparticles. Solid lipid particles were developed in the early 19905 and since, they have been considered as promising
drug delivery systems, especially in providing a sustained release profile of the encapsulated drug. This kind of drug de-
livery system has several advantages, due to its physiological composition. It is generally well tolerated by the human
body and are relatively stable during storage in comparison with other carriers like liposomes. The description of these
powdered lipid particles, their different production processes and their applications are the focus of the article.
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INTRODUCTION

It has become more and more evident thai, in order to
control, localize or improve drug delivery, the development
of suitable delivery systems is necessary. Several drug car-
rier systems can be used, depending on the administration
route, the drug properties and the intended drug release pro-
file. The most often studied carriers in the controlled release
of active pharmacenutical ingredients are:

- liposomes

- polymeric nano and micro particles
- cyclodextrines

- solid lipid particles

Solid lipid particles (SLP) were developed in the early
1990s and since, they have been considered as promising
drog delivery systems, especially in providing a sustained
release profile to the incorporated active substance. Solid
lipid nanoparticles (SLN) are in the submicron size range {50
to 1000nm) while solid lipid microparticies (SLM) have a
size above 1 pm. They are both composed of lipidic excipi-
ents that are in solid state at room temperature. Commonly
used lipidic excipients for SLP manufacturing are fatty alco-
hols, fatty acids, fatty acid esters of glycerol, waxes, choles-
terol.

SLP seem to provide an alternative drug carrier system to
liposomes and polymeric nanoparticles. SLP combine sev-
eral of those systems advantages while avoiding some of
their disadvantages.

Due to their physiological composition they are well
tolerated by the human body. SLP are physicochemically
stable and can be produced relatively easily on a large indus-
trial scale. In addition, raw materials and production
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costs are rather low. Their most important limitation is due to
the fact that the active compound, which is incorporated into
SLP, must be lipophilic enough to ensure high entrapment
efficiency (EE). Moreover, these particles permit drug target-
ing and have the possibility to contro] the release of the drug,
Nano and microparticles have been studied for several appli-
cations. The peroroal route is the most often cited. It includes
SLM dispersion, tablets or capsules. They could also be
parenterally administred apart {rom the intravenous route,
owing to particle size of microparticles. They are potentiafly
useful as a depot formulation when prolonged action is re-
quired. SLM can also be considered as a promising drug
carrier system for pulmonary administration [1-7].

The most usual techniques for the formulation are : the
solvent evaporation method, the hot melt dispersion tech-
nique, the spray drying and the spray congealing [4, 8-16].
These methods are multi step processes, or use organic sol-
vent and work at high temperature. To avoid these draw-
backs, a novel supercritical fluids technology calied PGSS®
(Particles from Gas Saturated Solutions) is being increas-
ingly stadied [17].

The objectives of this review are the description of solid
lipid particles, production methods and their recent applica-
tions, preferably in dry powder form.

SOLID LIPID PARTICLE PREPARATION
TECHNIQUES
Materials

A summary of frequent used lipidic materials in SLP
formuiation is presented in Table 1. Following the prepara-
tion techniques, surfactants may also be incorporated in the
formulation (e.g. Polysorbates, Poloxamer, phosphatidylcho-
line)

Patents Review

Table 2 presents some of the most relevant patents re-
lated to SLP published the last five years.

© 2011 Bentham Science Publishers
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Table 1. Summary of Frequent used Materials use in SLP

Production
Category Literature
Fatty alcohol
Cetyl alcohol [33}
Stearyl alcohol {40, 43, 114]
Fatty acid

Stearic acid (C18 fatty acid) [33,43, 115]

Fatty acid esters of polyglycerol
Tetraglycerol pentastearate (TGPS) [43}
Tetraglycerol monostearate {TGMS) [43]

Fatty acid esters of glycerol
Glyeeryl monostearate [10,31, 34,43, 116-118]
Glyceryl monebehenate [31]

Glyceryl behenate 21,34, 75,102, 119-122}

Glyeeryl palmitostearate {21, 123-126]

Glyceryl ditristearate f21,33]

Glyceryl tripalmitate [14,21, 81, 82,127]

Glyceryl tristearate [21, 128]
Hydrogenated fatty acid ester

Hydrogenated hardened castor oil {129]

Polar wax

Complex mixture containing, e.g. [33,41,43, 123, 124,
esters of acids and hydroxyacids 130]

Others

Saturated polyglycolized glycerides [42,123,124, 131]

Beeswax [76, 123,124, 132]
Paraffin wax {31]
Cholesterol [22,31]
Phospholipids [22, 133, 134]
Microcrystalline wax [40]

Preparation Techniques

Several techniques can be used to produce solid lipid
nano - or imicroparticles: spray-drying, spray congealing,
cryogenic micronization, electrospray and supercritical fluid
process. For instance, Rodriguez patented an apparatus and a
method for preparing lipidic solid forms with controlled
release of the active ingredient [18]. The solid forms ob-
tained can be used in the pharmaceutical field for oral ad-
ministration in the form of powders with controlled release,
or as intermediates for obtaining further forms such as cap-
sules, {ablets, suspensions and the like, or they can be used in
cosmetics, fragrances, preservants and for alimentary pur-
poses as well as in the veterinary field or, when releasing
vegetal hormones, pesticides, or fertilizers, in the agroindus-
trial field. This chapter is dedicated to the description of
production techniques of Solid lipid particles.
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Spray Drying Method

Spray drying is a one-step process which converts a lig-
uid feed to a dried particulate form {7, 19-25]. The feed can
be a solution, a coarse or fine suspension, or a colloidal dis-
persion (e.g. emulsions, liposomes, etc.), which is first atom-
ized to a spray form that is put immediately into thermal
contact with a hot gas, resulting in the rapid evaporation of
the solvent to form dried solid particles. The dried particles
are then scparated from the gas by means of a cyclone, an
electrostatic precipitator or a bag filter Fig. (I).

The three important steps of the spray drying process are
atomization, drying and separation. The design may be
“open cycle”, where the drying gas (usually air) is not recir-
culated and is vented into the atmosphere. When spray dry-
ing is made from an organic solvent, a “closed cycle” layout
is more suitable than an open one, since the risk of inflam-
mability and explosion is higher in the latter when organic
feeds are heated in the presence of oxygen [26].

Atomization is the process in which a liquid is sprayed
into as a collection of droplets. The usual methods are cen-
trifugal, pneumatic, ultrasonic and electrostatic atomization.
Atomization method is particularly usefull for thermolabile
materials and compounds with a low melting point or glass
transition temperature. Indeed, the drying time varies from
100 milliseconds to seconds [27]. Once the liquid is atom-
ized, the droplets are dried in solid particles by intimate
contact with the heated gas in the drying chamber.

The important drying parameters are:
» Inlet and outlet temperatures,
¢  Feeding rate,
* Drying gas medium,
*  (as humidity,
s  (as flow rate
* Residence time.

These parameters affect the final size, shape, density,
crystallinity and residual solvent content of the particles. The
humidity level of the gas medium must be relatively low to
avoid the formation of agglomerates in powders, especially
for hygroscopic materials [26].

Compared to other SLP production methods, spray dry-
ing produces particles which are characterized by smaller
and more homogeneous particle-size distribution. In the case
of pulmonary administration, these particles result in a
higher respirable fraction than mechanically micronized
drugs [28]. However, the particles produced are not always
spherical and may have convoluted surfaces, asperities and
cavities. The shape is influenced by the drying rate, the sur-
face tension and the viscosity of the liquid [27].

The main advantages of the spray drying technique are
the ability to manipulate and control a variety of parameters
such as solvent composition, solute concentration, solution
and gas feed rate, temperature and relative humidity, droplet
size, etc, Optimization of particle characteristics can be per-
formed in terms of size, size distribution, shape, morphology
and density, in addition to macroscopic powder properties
like bulk density, flowability and dispersibility [26].
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Table 2.

Patents Reviewing.

Berton et al

Particles
Type

Publication
Year

Short descriptions

Ref.

SLP

2006

Amighi patented new compositions of (active) solid lipidic particles (SLP), e.g. for inhalation, and their
use as carriers or as fiflers in pharmaceutical compositions

[135]

SLP

2006

Marchaud has developed an anhydrous particle consisting of a carrier on which a mixture consisting of at
least one principle and one self-emulsionable {ipid composition is applied. The said composition contains
caprylocapric macrogolgyceride

[136]

SLN

2006

Lee claimed a lipid particle comprising an amphiphile coated complex of a hydrophobic bicactive agent
and an inverted hexagonal phase-forming lipid

[137]

SLM

2007

Winter developed a method to produce a dry powder comprising solid particles of the hydrophilic excipi-
ent, which may be a water-soluble saccharide such as mannitol or trehalose. At least part of these particles
mdividually comprise one or more incorporated colloidal particles, such as one or more liposomes. An
active ingredient is incorporated within, or associated with, the colloidal particles. The size of the solid
particles selected is usually substantially larger than that of the colloidal particles

[138]

SLN

20067

Charcosset used a new method using a membrane reactor, which allows the preparation of solid lipid
particles, especially nanoparticles

[139]

SLN

2008

Shekunov has developed an apparatus and a method of producing solid composite lipid/drug nanoparticles
for controlled drug delivery that offers several advantages over conventional processing techniques, in-
cluding the consistent production of solid composite lipid/drug particles having an average diameter below
100 nm, high drug loading and low temperature processing

F140]

SLP

2008

Battaglia patented a method for the preparation of solid lipid micro and nanoparticles comprising the phase
of mixing an acid solutien with a micellar équeous selution comprising at least one water-soluble faity acid
salt in the presence of a non- ionic and biocompatible polymeric stabilising agent. The micro and nanopar-
ticles can furthermore incorporate an active ingredient, in particular, a thermosensitive active ingredient

[141]

SLP

2009

Vanderbist claimed powder compositions for delivery by dry powder inhalers, said powder compositions
comprising coated particles of active material. In particular, it relates fo powder compeositions containing
high amounts of active material while still showing enhanced flow properties. [t further relates to a method

‘and to a suspension for manufacturing said powder composition

[142]

SLP

2009

Eskandar has developed novel pharmaceutical compositions and dry powder formulations that contain one
or more drug substances encapsulated within lipid vesicles, The present invention also concerns processes
for the manufacture of such compositions and formulations and methods of treating diseases or disorders
with such compositions and formulations

[143]

SLM

2010

The Richard patent relates to growih hormone (GH) formulations with sustained-release properties, in
particular human growth hormones (hGH} and methods for their preparation. The growth hormone formu-
lations can be manufactured without denaturing the protein and can conveniently be administrated to the
persen in need by using a conventional syringe via a needle with a small diameter. The first step in the
manunfacture of microcapsules is preferably performed by using a spray-drying technique and the second
step is performed by using a spray-congezling technique

[43]

SLN

2010

Keck patented compositions containing a combination of solid lipid particles (nanoparticles and/or mi-
croparticles) and metallic particles, whose composition can optionally- additionally contain oif droplets

[89]

SLM

2010

Fatmi has developed methods for enhancing the release and/or absorption of active agents that are not very
water-soluble as described herein. The method involves dissolving, melting, or suspending anactive agent
that is not very water-soluble in one or more molten fatty acids, conjugated fatty acids, (semi-) solid sur-
factants of high HLB value, and/or hydrophilic polymers

£56]

SiM

2010

Vassal used a novel pharmacentical technology form for administration of Temozolomide in the form of
solid lipid particles, especially a2 new form suitable for pediatric use and pharmaceutical compositions
comprising such lipid particles loaded with Temozolomide

[144]

SLN

2010

Bondi claimed nanoparticulate lipid vectors contaiming riluzole, and the preparation and characterisation
thereof. The systems obtained have a different biodistribution from the free drug i vivo, and can be used
to prepare pharmaceutical formulations

[145]
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(Table 2 Contd....
Particles Publication Shert Descriptions Ref.
Type Year
SLP 2010 Baker patented tatgeted lipid particles, targeted lipids and their use as delivery agents [146]
SLP 2010 Galuska has developed the production of lipid particles that are at least substantially spherical. Such parti- [147]}
cles can be used, ¢.g. as a shortening component in food products
SLN 2011 Brito patented dry powder compositions of an RNA active in RNA Interference, and their uses for me- [148]
dicaments and for delivery as therapeutics for influenza. The dry powder compositions of this invention
may be used for acrosolized delivery to the lungs

Fig. (1). Scheme of a Mini Spray Dryer [113]. 1. Two-fluid noz-
zle, operated by compressed air to disperse the solution into fine
droplets; 2. Electric heating of the drying medium; 3. Spray cylin-
der for drying the droplets into solid particles; 4. Separation of the
particles in the cyclone; 5. Outlet filter to remove fine particles; 6.
Aspirator for generating the flow.

However, the spray drying process may induce degrada-
tion of some macromolecules as a result of a number of
factors such as thermal stress during droplet drying, high
shear stress in the nozzle and peptide/ protein adsorption at
the greatly expanded liquid/air interface of the spray solu-
tion. Sebti ef al. have developed a spray-drying technique to
produce SLM. These SL.M are composed of biocompatible
phospholipids and cholesterol, and can be used as a carrier or
filler to deliver drugs directly to the lungs via a dry powder
inhaler [7].

Friesen patented a process which allows delivery of a
spray solution comprising an active agent and a matrix mate-
rial in an organic solvent to a spray-drying apparatus. The
atomization of the solution into droplets within the spray-
drying apparatas leads to the removal of at least one portion
of the organic solvent from the droplets, forming and collect-
ing several particles [25].

Poortinga developed a method for spray drying a high-
viscosity fluid product using a spraying device. The method

comprises the projection of the fluid product out of an out-
flow opening of the spraying device which leads to the de-
velopment of droplets of the fluid product. The spraying
device is designed to produce a pressure drop in the fluid
product across the outflow opening, which is larger than 15
bars and, at least, partially dries the droplets in a drying
medium, such as air, so that they become particles [24].

The Society Anro spray solutions patented a spray-drying
device. The invention also relates to a system for spray-
drymg. A supply of the product to be spray-dried is con-
nected via a line to an injection pipe to which a spray-drying
device in line with the invention is comnected. The spray-
drying device and the injection pipe end are situated in a
spray-drying tower [29].

Bot patented novel Spray-Dried Lipid Microparticles
(SDLM) that are comprised of a lipid, a ligand and an agent
[30]. The ligand is specific to a cell surface receptor, thereby
enabling the targeting of the agent to cell bearing receptor
specific to the targeting ligand.

Cryogenic Micronization

Lipid matrices, obtained either by melt dispersion (the
drug is mixing in a molten lipid) or solvent stripping (the
drug and lipid are dissolved into a solvent mixture under
stirring, e.g. benzyl alcohol, ethanol [31]), are stored at -
80°C and then micronised in a customised apparatus supply-
ing liquid nitrogen during the process [32]. Finally, the ob-
tained powders are sieved in an antomatic sieving apparatus.
This technique can be used for the production of particles of
5 to 5000um in diameter according to the chosen sieves [311.

Del Curto patented fipid microparticles consisting of
lipids and amphiphilic components, which allow to promote
the incorporation of peptides and/or proteins,. They also
describe a process to produce these microparticles. A cryo-
genic micronization manufacturing process for their prepara-
tion is also disclosed {32]. In the cryogenic micronization
step, cooling is performed by insufflating liquid nitrogen
before the drug loaded lipid matrix can be micronized.

Spray Congealing (alse Called Spray Chilling)

Lipids are heated to a temnperature above melting point.
The drug is then dissolved into the melted lipid. The hot
mixture is atomized through a pneumatic nozzle into a vessel
which is stored in a carbon-dioxide ice bath. The particles
obtained are then vacuum dried at room temperature for
several hours [21, 23, 33-39].
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In this technique, some variations can be performed. The
melted mixture is atomized by ultrasound energy into small
droplets that fall freely and solidify by cooling at room tem-
perature [40-42]

Another variant of the spray congealing method is to use
a rotating disc [43]. With this technique, the melted mixture
is dropped onto a high-speed rotating dise. The rotation in-
duces the motten mixture to spread between the disc periph-
ery and the cooled surface from which microparticles are
collected.

The technigque can also be adapted depending on the type
of particles to produce. Fine particle products with a mean
particle size of 50-150 microns are often congealed in a co-
current spray congealing chamber with high-speed rotary
atomization. Particles with a mean particle size of 150-500
microns that melt and solidify slowly arc congealed in a
spray cooling chamber with a fountain nozzle. Finally, parti-
cles with a mean particle size of 500 to 2000 microns (also
called prills) are congealed using a low-speed rotary atom-
izer with a specially designed prilling wheel.

Often additional cooling is needed to ease full congeal-
ing. Recent developments in spray cooling include the use of
congealing chambers with integrated bag filters for congeal-
ing and separating the product in one unit. This design is
very compact and thus space-saving [37].

Spray congealing was successfully employed for prepar-
ing SLM loaded with drugs such as clarithromycin, theo-
phyllin, diclofenac, verapamil and indomethacin, but the
preparation of protein lipid microparticles by spray congeal-
ing has been rarely reported [37].

Only a few spray congealing patents that produce solid
lipid particles seem to have been published [44, 45]. Rich-
ard’s patent relates to growth hotmone (GH) formulations
that have sustained-release properties, in particular human
growth hormones (hGH) and methods for their preparation.
The growth hormone formulations can be manufactured
without denaturing the protein and can conveniently be ad-
ministered to the person in need of it by using a conventional
syringe via a needle with a small diameter. The first step in
the manufacture of microcapsules is performed preferably by
using a spray-drying technique and the second step is per-
formed by using a spray-congealing technique [44, 45].
However, this process is generally patented for other kinds
of particle [46]. Petersen patented a process and an apparatus
for spray drying or spray cooling, particularly for spray dry-
ing liguids containing dissolved and/or suspended solid ma-
terials or for spray cooling congealable liguids [47].

Eleetrospray

The electrostatic atomizer comprises a nozzle connected
to a high-voltage power supply and is supplied with a liquid
to be atomized [16, 48, 49] Fig. (2). In a general process, a
polymer solution is contained in a syringe, with a metal
capillary connected to a high-voltage power supply as one
electrode. A metal foil collector is placed opposite the capil-
lary as a counter electrode. Depending on the properties
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Nebulizing gas ™
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|
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Fig. (2). llustration of a system used for nanoparticle preparaiion
by means of electrospray [48].

of the liquid, the flow rate and the voltage applied can be
modulated. The cone-jet mode is the method used to prepare
nanoparticles in which liquid emerging at the nozzle forms
hemispherical drops because of the surface tension (electros-
pray). By increasing the electrical field, the hemispherical
drops can be changed to a conical shape, which breaks up
mto highly charged droplets. By sclecting suitable condi-
tions, droplets can be produced with a close size distribution
and nano or micrometer size range. Solid particles can be
formed by evaporating solvent from the droplets produced
traveling through the electrical field [16]. The electrospray-
ing method might be employed to prepare monodisperse
lipid-based nano- and microparticles in powder form in a
single-step for drug delivery [16]. Bussano et af. have devel-
oped new insulin-loaded lipid microparticles using the elec-
trospray procedure [50]. The authors showed that the elec-
tospray method did not affect the secondary structure of
insulin.

Zhang patented a method for preparing lipid particles
which produced discrete droplets of vesicle-forming lipids in
a solvent, where the droplets have a diameter and a volume
suitable for irn vivo administration [51]. The lipid particles
are administered preferably either parenterally or intratn-
morally. In one embodiment, the droplets are generated by a
system selected from the group consisting of a nebulizer, an
atomizer, a venturi mist generator, a focused acoustic ejector,
and an electrospray device.

Supercritical Fluid Technrology

Supercritical fluid (SCF) is obtained above the critical
pressure and temperature. Above this fluid’s critical point,
the solubility of a substance can be modulated by a relatively
small change in pressure. Rapid depressurization of the mix-
ture creates a high degree of supersaturation. Due to its low
critical point at 31°C and 74 bars, and its low cost and
non-toxicity, carbon dioxide is the most widely-used solvent
in many SCF processes [52-56]. Its critical temperature
makes supercritical CO; suitable for processing heat labile
solutes at conditions close to room temperature [57]. The
three main uses of SCF processes are:
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Rapid Expansion of Supercritical Solutions (RESS)

In the RESS, the supercritical fluid is saturated with the
substrate(s). This solution is then depressurized through a
heated nozzle into a low pressure chamber in order to cause
an extremely rapid nucleation of the substrate(s) in the form
of very small particles [55].

Fulton and Deverman has patented a new method of
formulation. They use a process which consists of forming a
supercritical fluid solution of at least one supercritical fluid
solvent and at least one solute. A depressurization of the
solution of supercritical fluid through a nozzle under condi-
tions sufficient to form solid particles of the solute that are
substantially free of the supercritical flud solvent, and elec-
trostatically depositing the solid solute particles onto the
substrate. The solute particles may have a mean particle size
of less than 1 micron [58].

Supercritical Anti-Solvent and Related Processes

(GAS/SAS/ASES/SEDS)

In this process, the supercritical fluid is used as an anti-
solvent that causes precipitation of the substrate(s) dissolved
initially in an organic solvent. The solute is recrystallized
from the solution in one of the three ways [55, 59].

This process has been called gas anti-solvent (GAS) or
supercritical anti-solvent (SAS) recrystallization Fig. (3).

Precipitator

Solution  of active
substance

(848
Expanded
salution

Fig. (3). GAS/SAS equipment concept [55].

The principle of this method is based on the ability of the
organic solvent to dissolve a large amount of gas.. The gas
diffuses into the organic solvent leading to the evaporation of
this solvent into the gas phase. The volume expansion lead to
a decrease of the density which is responsible of the lower
solvent power and thus for the precipitation of the subsirate.
into microparticles. The second method is the aerosol solvent
extraction system (ASES) process Fig. (4).

It involves spraying the solution through an atomization
nozzle as fine droplets into compressed carbon dioxide. The
dissolution of the supercritical fluid into the liquid droplets is
followed by a large volume expansion and, consequently, a
reduction in the liquid solvent power, causing a sharp rise in
the supersaturation within the liquid mixture, and the conse-
guent formation of small and uniform particles. The third
method, solution enhanced dispersion by supercritical fluids
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active sebstance

& solvens ‘high pressun:

vesse]

CH.

low pressure

1ank
(SEDS) was developed by Bradford Umiversity in order to
achicve smaller droplet size and intense mixing of supercriti-

cal fluid and solution for increased transfer rates Fig. (5)
[60].

Fig. (4). ASES equipment concept [55].

active substagice
solution

nozzle

face [
heat
exchanger

pump
particle formation
vessel

3

solvent

Fig. (5). SEDS equipment concept [55].

Actually, the supercritical fluid is used both for its
chemical properties and as a ‘spray enhancer’ by mechanical
effect: a nozzie with two coaxial passages allows the intro~
duction of the supercritical fluid and a solution of active
substance(s) into the particle formation vessel where pres-
sure and temperature are controlled. The high velocity of the
supercritical fluid allows the break up of the solution into
very small droplets. Moreover, the conditions are set up so
that the supercritical fluid can extract the solvent from the
solution at the same time as it meets and disperses the solu-
tion,

These three processes, that can produce micro- and
nanoparticles, are used for processing solids which are not
able for dissolving into supercritical fluids, so RESS ig im-
possible, or sensitive to high shear stress such as peptides or
proteins. Moreover, addition of a carrier (often a polymer or
a lipid) to the active solution can lead to the formation of
active substance loaded micro- and nanospheres.
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Bradford University has developed a method for formu-
lating particles [60] which comprises the co-introduction of a
supercritical fluid and a vehicle containing at least one sub-
stance in solution or suspension, into a particle formation
vessel. The temperafure and pressure are controlled, so that
dispersion and extraction of the vehicle occur substantially,
simultaneously with the action of the supercritical fluid. The
invention also provides a particulate product of such a
method; apparatus for use in carrying out the method; and a
nozzle for use in the apparatus for co-introducing fluids into
a particle formation vessel.

Ru patented a preparation method for the supercritical
anti-solvent of water-soluble nano glycyrrhizic acid powder
[61]. The formulation produced shows a smooth surface, a
good water solubility, a high yield and no residual solvent.
The cost of the production technology is low and the indus-
trialization is easy.

Krukonis has developed a method for recrystallizing
solid materials from systems comprised of a solute, which is
the eventual material recrystallized, a liquid which is a suit-
able solvent for the solute, and a gaseous component which
is soluble within the solvent and whose presence therein
causes the solvent to approach or attain a supersaturated
state, thereby precipitating (recrystallizing) the solute mate-
rial {59].

Particles
(PGSS)

from  Gas-Saturated Solutions/Suspensions

Actually, the solubility of compressed gases in liquids
and solids (e.g. polymers}) is usually high and usually higher
than the solubility of such liquids and solids in the com-
pressed gas phase. So, the process consists in sclubilizing
supercritical fluid in melted or Hquid-suspended sub-
stance(s), leading to a so-called gas-saturated solution/ sus-
pension that is further expanded through a nozzle with the
formation of solid particles, or droplets Fig. (6). This process
allows the production of particles from a variety of sub-
stanices that do not need to be soluble in supercritical carbon
dioxide, especially with some polymers that absorb a large
concentration (10-40 wt.%) of CO, that either swells the
polymer or melts it at a ternperature much below (10-30°C)
its melting/glass transition temperature. This process can
also be used with suspensions of active substrate(s) in a
polymer or another carrier substance leading to composite
microspheres [17, 35, 62-72].

Weidner patented a process for preparing particles and/or
powders [63]. A compressible fluid is introduced under pres-
sure in the substance or substance mixture to dissolve it. The
resultant solution is then expanded so that particles are
formed during the expansion process,

Fine drug particles produced by a SCF process are less
clectrostatic than those produced by mechanical means.
These particles show better flowability characteristics and a
more dispersible following discharge from a dry powder
mhaler. Moreover, SCF manufactures respirable drug parti-
cles that are intrinsically more uniform in terms of crystallin-
ity, morphology, particle size distribution and shape than
those produced via jet milling [73].

Berton et al,

Fig. (6). PGSS equipment concept [17]. Scheme of PGSS™
equipment: A. CO2 storage tank, B. pump, C. heat exchanger, D.
mixing vessel, E. manometer, F. back pressure regulator, G. rotative
stirting agitator, H. nozzle, 1. air supply and J. expansion chamber,

POWDERED SOLID LIPID PARTICLE ADMINI-
STRATION ROUTES

Solid lipid particles are considered to be a promising
drug carriers system. However, SLP have been rather unex-
ploited so far. To date, only a few complete studies on solid
lipid nano- and microparticles have been published. There-
fore, little data is currently available on SLP in vivo admini-
stration, drug release and biocompatibility.

Nevertheless, as assumed for SLN [74], it could be hy-
pothesized that SLM are well toleraied by the human body
because they are made of physiological compounds. On the
other hand, the surfactant toxicity has to be considered,
though not more than other drug carrier systems.

This chapter presents an overview of powdered solid
lipid particles administration routes and main applications,
and corresponding J/r vive drug release and biocompatibility
studies carried out so far.

The in vivo fate of the SLP will depend mainly on the
following points:

A. Administration route

B. Interactions of the SLP with the biological surroundings
including:

bl. Distribution processes (adsorption of biological material.
on the particle surface and desorption of SLP compo-
nents into the biclogical surroundings)

b2. Enzymatic processes (e.g. lipid degradation by lipases
and esterases),

SLP are composed of physiological or physiologically
related lipids or waxes. Therefore, pathways for transporta-
tion and metabolism are present in the body which may con-
tribute to a large extent to the in vivo fate of the carrier.
Probably the most important enzymes of SLP degradation
are lipases, which are present in various organs and tissues.
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Peroral Administration

The peroral route is the most often cited for SLP admini-
stration [33, 34, 40, 43, 75-77]. It inciudes aqueous SLM
dispersion, SLM tablets, pellets or capsules. However, data
on in vivo drug release and biocompatibility studies is often
missing. Demirel has perorally administered SLM suspen-
sions to rabbits; such suspensions were composed of glyceryl
behenate and caprylocaproyl macrogol-8-glycerides as a
lipidic matrix, polysorbate 80 as a surfactant and an antipark-
insonian agent as the active substance. The bioavailibility of
piribedil-SLM was found to be higher than pure piribedil
[75].

Considering that SLP lipidic matrices are composed of
lipidic excipients and that most surfactants have already been
used perorally, the authors do not seem to have ever cast any
doubt on SLP biocompatibility after oral administration.

The environment of the stomach favors particle aggrega-
tion due to the acidity and high ionic strength, It can be ex-
pected that food will have an important impact on SLP per-
formance. However, no data has been published on this issue
to our knowledge. Penkier has described an increasing
bioavailability and prolonged plasma level after peroral
administration of lipid nanodispersions containing cy-
closporine to animals [78].

SLN can protect encapsulated peptides from degradation
upon contact with gastrointestinal fluids. Zhang has studied
and characterized lectin-modified solid lipid nanoparticles
(SLN) containing insulin and evaluated the potential of the
lectin-modified colloidal carriers for oral adminisiration of
peptide and protein drugs [79]. Their results on oral admini-
sttation {o rats demonstrated that SLN promoted the oral
absorption of insulin.

Wang ef al. have developed a new formulation in which
Poly (lactic-co-glycolic acid) (PLGA) was used as a co-
emulsifier in- the preparation of insulin-loaded solid lipid
nanoparticles with hydrogenated castor oil as lipid matrix
and lecithin as surfactant by double-emulsion technique.
They have demonstrated in an in vivo study that PLGA could
enhance the entrapment of insulin in the solid lipid nanopar-
ticles, and more importantly, prolong the time of hypogly-
caemic activity of the ingulin-loaded SLN [80].

Parenteral Administration

SLP are also parenterally administered apart from the
intravenous route for microparticles, owing to particle mi-
cronic size. Some studies have been carried out on in vive
SLM drug release and SLM biocompatibility.

Reithmeier [81, 82] has studied the biocompatibility of
SLM composed of a microcrystatline triglycerides as lipidic
matrix and polyvinyl alcohol as a surfactant by implanting
SLM subcutancously in mice. Polymeric microparticles
composed of poly(lactic-co-glycolic), a well-known ap-
proved polymer often used for parenteral applications, were
also implanted and used as a reference. The study showed
only a slight inflammation reaction in the implantation area,
but that was the case for both SLM and polymeric micropar-
ticles. It has been concluded that studied SLM showed com-
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parable biocompatibility fo polymeric microparticles that
have been approved for use in parenteral administration.

Del Curto [31] has produced solid lipid microparticles
composed of glyceryl monobehenate and containing go-
nadotropin release hormone by co-melting process. Afier
subcutaneous injection in rats, studied SLM proved to give
the incorporated active substance a sustained release profile.
Antide-Solid lipid microparticles are then potentially useful
as a depot formulation when prolonged action is required.

Yang has studied the pharmacokinetic and body distribu-
tion of captothecin after i.v. administration in mice. SLN
induced a higher AUC/dose and mean residence time espe-
cially in the brain, heart and reticuloendothelial cells contain-
ing organs other than drug solution [77].

Transdermai Administration

SLP can also be administrated by transdermal application
[83-85]. SLN have been found to modulate drug release in
the skin and to improve drug delivery to particular skin lay-
ers in vifro [86]. Liu has produced sodium diclofenac solid
lipid nanoparticles by a modified emuision/solvent evapora-
tion method for transdermal delivery [87]. The in vifro re-
lease of SLN showed a two-step release pattern: one initial
burst release followed by a second slow-release phase. In the
in vitro cutaneous permeation studies, the value of flux ob-
tained for the sodium diclofenac solution was higher than
that of the SLN suspension. SLN had also been shown to
improve the dermal localization of the active compound.
Ei-Kamel has produced and characterized a formulation of
testosterone (TS) solid lipid microparticles and it seems to be
applied as a transdermal delivery system [88]. Keck has
developed compositions which can be used as dermal formu-
lations to help the skin restore to normal conditions in the
case of e.g. irritated skin, or to support the medical therapy
of skin with atopic dermatitis symptoms, atopic dermatitis,
psoriasis or related diseases (e.g. accompanied by a distorted
barrier function of the skin and a microbial load) [89].

Solid lipid nanoparticles have gained widespread interest
in recent years as drug carriers for dermatological purposes,
aiming for a better permeation or prolonged action on the
skin or in specific skin layers [90-93]. Compared to
liposomes, SLN show several advantages such as excellent
tolerability, good physical stability, protection of Iabile
drugs, a high drug payload, controlled drug release, low cost
and case of production [2, 86]. For cosmetic application,
SLN exhibit an occlusive effect, which improves skin hydra-
tion and protection against sun exposure [94-99]. As these
carriers could be applied to damaged skin, possible cytotox-
icity of these preparations should be evaluated.

Pulmonary Administration

Powdered SLM are considered as a promising drug car-
rier system for pulmonary administration even if they have
been rather unexploited so far [100, 101]. However, a pre-
liminary in vivo tolerance study has been carried out on rats
with SLM composed of glyceryl behenate as a lipidic matrix
and poloxamer 188 (Lutrol® F68) as a surfactant. SLM dis-
persions in PBS were administered ntratracheally. Resuits
did not show significant differences between placebo groups
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and SLM-treated rats. It has been concluded that the studied
SLM seem to be well tolerated by the lower airways, but
tolerance must still be assessed after repeated administration
[102]. Jaspart has studied the use of SLM to obtain a sus-
tained release profile to a model drug, salbutamol acetonide
{(SA). SA was synthesized from salbutamol in order to in-
crease the lipophilicity of this molecule and thereby increase
its incorporation efficiency into SLM. SA-loaded SLM were
then produced by a hot emulsion technique followed by
high-shear homogenization. ASA in vitro release study from
SLM showed that the release rate increased with SA loading
but remained in every case lower than the dissolution rate of
pure SA [13]. Sanna has investigated the effects of process-
ing conditions on the characteristics of solid lipid micropar-
ticles with a potential appiication as carriers for pulmonary
administration [102]. The results suggested that a single
intratracheal administration of the SLLM does not induce a
significant inflammatory airway response in rats and that the
SLM might be a potentiat carrier for encapsulated drugs via
the pulmonary route. Weers has developed a particulate
compaosition suitable for drug delivery, preferably via inhala-
tion. The particulate compositions of the present invention
exhibit an increased gel-to-liquid crystal transition tempera-
ture resulting in improved dispersibility and storage stability
[103]. Dellamary patented powdered pharmaceutical compo-
sitions for drug delivery that exhibit improved stability and
dispersability over the shelf life of the composition. More
particularly, this invention relates to a highly stable metal
ion-lipid microparticle for drug delivery. The powdered
formulations described in the Dellamary’s invention can be
applied to inhalation therapies, powders for reconstitution,
dry powders and suspensions due to their unique powder
stability [104]. Morton patented particles and methods to
produce particles. In particular, the mvention relates fo
methods of making composite active particles comprising a
pharmaceutically active material for pulmonary inhalation,
the method comprising a jet milling process [105].

GENE THERAPY

Gene therapy represents a new paradigm in the preven-
tion and treatment of many diseases, including genetic disor-
ders, such as cystic fibrosis, haemophilia and many somatic
discases, such as tumours, neurodegenerative diseases and
viral infections, such as AIDS. Solid lipid nanoparticles have
been increasingly studied as a potential anticancer drug de-
livery carrier as a result of their physical stability, protection
of labile drugs from degradation, easy preparation, and low
toxicity [2]. The use of biocompatible compounds for prepar-
ing SLN avoids the toxicity problems caused by polymeric
nanoparticies [106-108]. SLN chemical composition can be
modulated, that is, the particle surface charge, thus allowing
oppositely charged molecules to bind by means of electro-
static interactions, is another important feature of these sys-
tems [109]. However, in most cases, although the surface
charge can be easily increased, in the absence of endosomo-
Iytic agents such as chloroquine, gene transfer efficiency
mediated by SLN-derived gene vectors (even when the lipid
-composition is optimised) remains lower than that observed
with standard transfection agents [110].

Berton et al.

Bondi® and co-workers evaluated the suitability of new
cationic SLN based on glyceryl behenate as matrix lipid,
dimethyldioctadecylammonium bromide (DDAB) as a
charge carrier and Pluronic F68 as a surfactant, as non-viral
transfection agents for gene delivery on the human hepatoma
(HuH-6) cel! line [111, 112]. Plasmid DNA encoding the b-
galactosidase gene (plasmid pCMV-b-gal} under the control
of the human cytomegalovirus (CMV) was used in this study
as the reporter gene, and the expression gene coding for b-
galactosidase was estimated by measuring the corresponding
activated substrate. The authors showed that cationic SLN—
DNA complexes could promote transfection of liver cancer
cells. Cationic SLN were able to form stable complexes with
DNA and to protect DNA against DNase 1 digestion. In vitro
studies on human liver cancer cells demonstrated a very fow
degree of toxicity of both SLN and SLN-DNA complexes.
Further, SLN-DNA complexes were able to promote trans-
fection of liver cancer cells. These data suggest that the cati-
onic SLN may be potentially useful for gene therapy.

CURRENT & FUTURE DEVELOPMENTS

Solid lipid nano - and microparticles can reasonably be
considered as promising drug carrier systems even if up to
now they have been studied little. Actually, SLP show sev-
eral advantages, such as a physiological composition which
limits the toxicity, the relative low cost prices of SLM raw
materials and production processes and finally, the possibil-
ity of producing SLP on a large industrial scale. However,
some drawbacks must also be evaluated. Actually, the drug
to be incorporated into SLP must be lipophilic encugh to
obtain high entrapment efficiency. The entrapment efficiency
is also influenced by several other parameters such as the
preparation method, the physical state of drug and lipid ex-
cipient nature, Moreover, it is necessary to make a compro-
mise in desired characteristics to optimize formulation pa-
rameters and production techniques.

The physicochemical characteristics of SLP are key fac-
tors for the selection of the product process. Spray drying
and supercritical fluid methods offer more flexibility and the
possibility of morphology control in addition to size conirol,
but they may sometimes yield amorphous material or unde-
sired polymorphs.

Most research articles present a complete characterization
of SLP, including size and shape determination, solid state
analysis and drug loading capacity studies although such
characterization requires several analytical methods and is
generally slow and difficult to process.

The in vitro drug release studies that have been carried
out tend to prove the ability of SLP to administrate the in-
corporated substances. Therefore solid lipid nano- and mi-
croparticles can be considered as a promising drug carrier
system, which can be used by different administration routes
(i.e. peroral, parenteral, topical and pulmonary routes).

However most of the promising drug release results ob-
tained by in vitro experimentation must be confirmed by vivo
studies. In the same way, SLP biocompatibility aspects and
in vivo fate also have to be evaluated even if the physiologi-
cal used materials tend to suggest that SLP are well tolerated
by the human body.
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