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Abstract

Both hydrophilic and lipophilic therapeutics can be delivered successfully into deep and peripheral tissues such as cerebrospinal
fluid and central nervous system by encapsulating them with crystalline lipids as lipospheres. The advent of lipospheres was
meant to deliver both therapeutic moieties with enhanced efficacy and added stability to reach out intended tissue areas.
Although extensive information is available on physicochemical, analytical and biopharmaceutical aspects of lipospheres,
there was no specific order pertaining to critical composition and rationale of component selection available for academic and
pilot scale processing of lipospheres. With the interest of compiling key points in a typical formulation of lipid lipospheres,
this article was intrigued to discuss melt method, co-solvent, microemulsion, super critical fluid, spray drying and spray
congealing techniques that were employed to scale up lipospheres. The selection criteria for both the drugs and lipids in
liposphere formulations were demonstrated here. The quality assessment with variables like loading capacity and entrapment
efficiency was explained. A note on preliminary screening factors to determine the liposphere formation such as liposphere
dimensions with morphological scenario was detailed in this article. This article also includes the stability and storage issues
with reference to photolysis. The marked differential in enhancing solubility and permeability characteristics of Class Il and

IV drug candidates by liposphere delivery systems with an evident of in vivo outcomes were emphasized.
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INTRODUCTION

Multiple-unit drug delivery systems such as nanoparticles,
microparticles, microemulsions and liposomes offer more
advantages than the single-unit systems with respect to their
uniform distribution in the gastrointestinal tract resulting in
uniform absorption of the drug. The drawback of these particulate
systems, being the degradation of the polymer,"! organic solvent
residues present in the delivery system that could result in
severe acceptability and toxicity problems.”” To resolve these
issues, lipid microspheres, often called lipospheres, have been
proposed as a new type of fat-based encapsulation system for drug
delivery of bioactive compounds. Lipospheres are lipid based
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water dispersible solid particles bearing particle size between
0.01 and 100 wm in diameter, composed of a solid hydrophobic
lipid core containing active drug moiety dissolved or dispersed in
a solid fat matrix, which is stabilized by a layer of phospholipid
molecules as external coat.’”! Improved stability of the drug
in the formulation, freeze dry and reconstitution properties,
controlled particle size, high-drug load, well controlled drug
release and no carrier toxicity made liposphere systems superior
over other particulate delivery systems such as emulsions,
liposomes and microspheres.'*” In addition, lipospheres protect
the drug candidates from hydrolysis, corroborate the shelf life
facilitating high bioavailability and prolonged plasma levels.!!
The lipospheres offer well controlled delivery to a variety of drug
candidates like antiinflammatory compounds, local anesthetics,
antibiotics and anticancer agents. The lipid entrapped vaccines
were administered with an adjuvant effect through liposphere

systems. 12!

CRITICAL COMPOSITION OF LIPOSPHERES

Lipospheres are composed of solid lipid core surrounded by
a single unit phospholipid layer that may entrap the drug or
enrich its coat with the drug. The emulsifier or stabilizer is
used to form uniform coat around the core material and to
facilitate partitioning of the drug between the lipid and aqueous
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phases."*" Low molecular polyethylene glycols (PEGs), as
plasticizers could impart tensile strength to the external lipid
coat. The strong affinity between progesterone, a lipophilic drug
and lipid was observed and evidenced with high-entrapment
efficiency (EE) of 70% which resulted in sustained release.!'”)
On the other hand, w/o/w emulsion system was employed for a
better entrapment of a hydrophilic drug. Sodium cromoglycate
release was found to be dependent on the principle of the
stabilizer. Different stabilizers such as gelatin and poloxamer
407 used in hydrophilic drug containing liposphere formulation
have exhibited sigmoid release and biphasic release sequentially.

Morphology and characteristics of lipospheres are affected
of excipients. This was exemplified with a highly lipophilic
drug allopurinol containing lipid systems. The lipids such
as beeswax, stearic acid, cetyl alcohol, stearyl alcohol and
cetostearyl alcohol as excipients were used in combination
of pluronic-68 as dispersant at different ratios. The size of
allopurinol with bees wax lipid particles found to be small
followed by stearyl alcohol.!"!

The lipid compounds such as tristearin, tripalmitin, trilaurin
and tricaprin were being used as major lipid composition in the
development of liposphere formulations to establish lipid core
and allows interaction of the drug moiety. The phospholipids
were being employed to establish the external coat of lipospheres
which are found to biosimilar to cell components. The important
phospholipids used in liposphere formulations are of purified
ones from natural origin, such as soyabean phosphotidyl
choline and its derivative hydrogenated soyabean phosphotidyl
choline. The synthesized phospholipids are viz. dimyristoyl
phosphatidylcholine, dipalmitoyl phosphatidylcholine and
distearoyl phosphatidylcholine were proved effective as coat
materials."”! The integrity and physical stability of lipospheres
were contributed by the size of lipid particle and its surface
charge. Affect of the nonionic surfactants such as Tween 20 and
Tween 80 on controlling particle size and reducing the surface
charges of lipid crystal particle formulations led to prolonged
stability period."?

SELECTION CRITERIA OF DRUGS AND EXCIPIENTS

Delivery of lipophilic drugs to the target site was the main theme
of liposphere formulation, where the phospholipid coat causes
increased permeability by minimizing the solubility problem of
the lipophilic moiety. In the case of hydrophilic drug moieties,
the permeability through the biomembrane is limited; this can be
successfully overcome by incorporating the active moiety in the
lipid core. Hence both types of drugs can be incorporated in the
lipospheres, whereas till date the lipophilic drug encapsulation
was reported to be higher. The effective delivery of peptides
was achieved by lipospheres with enhanced stability of peptides
by reducing their exposure to different pH environmental
conditions. Thus, the demerits of other site specific/targeted
drugdelivery systems could be minimized by proper selection of

liposphere carrier, which enables the delivery of the drug moiety

effectively at the specific tissue/organs."”)

The key factors to be considered for selection of the carrier are
physicochemical properties, compatibility between drug and
carrier and drug distribution in solid lipid matrix (SLM).™
Among the physical characteristics, the selection priority belongs
to the melting point of the carrier. The melting point of carrier
should be >45°C to minimize the stability problems.”" The
hydrophilic lipophilic balance value of core materials should
be <2, since they are more lipophilic and have high chances to
form solid matrices over the hydrophilic materials which form
colloidal dispersions. The carrier should have the capability to
solubilize the drug and to form particles of optimum size and

strength enabling the drug release at desired site.l

CORE PRINCIPLES FOR FORMATION
OF LIPOSPHERES

Distribution of drug in the SLMs was found to be in three
ways, such as homogeneous matrix, drug-enriched shell and
drug-enriched core [Figure 1]. Cold and hot homogenization
processes led to homogeneous matrix in which the active moiety
was dispersed in SLM either in molecular form or amorphous
cluster. In drug-enriched shell, lipids get precipitated without
drug and then drug filled shell got crystallizes on the lipid core
and led to burst release of drug from lipospheres. Drug-enriched
core formed by precipitating the drug followed by lipid shell
containing less amount of drug. This model obeys Fick’s law
of diffusion and releases the drug in a controlled manner. Drug
distribution patterns in SLM were depended on the structure
of matrix, chemical properties of the drug, excipients and their
magnitude of interaction and also on production conditions.
The drug distribution in SLM cannot be determined by lysis
owing to a smaller size of particles and low melting points of
lipids.” Simulation methods were employed to analyse the
drug distribution in SLMs and thereby release characteristics
of the drug were assessed.™ In the compritol SLM, ibuprofen
molecules were distributed in outer matrix formed by the polar
hydroxyl groups of compritol, which interact with carboxyl groups

Molecularly Drug enriched shell ~ Drug enriched core
dispersed drug f E
Tl matrix Lipid core Lipid shell

Figure 1: Drug incorporation models in solid lipid matrix
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of ibuprofen. Hence, the hydrophobic groups of the ibuprofen
molecules remain in the body of the carrier with their carboxyl
groups at the oil/water interface along with the hydroxyl groups
of compritol. By this distribution of drug molecules in the lipid,
matrix was demonstrated.

TECHNIQUES WIDELY EMPLOYED IN PREPARATION
OF LIPOSPHERES

Melt method

The lipophilic drug was melted along with the lipid material,
and the temperature was maintained at slightly higher than
the melting point of the lipid or lipid mixture to maintain in
the molten state. Phospholipids such as soya lecithins were
added to the phosphate buffer or the aqueous phase, which
was maintained at a temperature nearly or slightly higher
than the lipid phase. The lipid mixture and the aqueous phase
containing phospholipids were mixed together. In addition,
emulsifier at required concentration can be added to form
uniform sized spheres at range of 38-50 um."”” Melatonin
lipospheres of melt method for topical application was proved
to be effective compared to that of gels or lotions.** Several
drugs like bupivacaine, glipizide, aceclofenac, retinyl acetate,
progesterone, sodium cromglycate, diclofenac, carbamazepine,
Cl4-diazepam, proteins like somatostatin, casein,””! bovine
serum albumin, R32NS1 malaria antigen, tripalmitin based
lipospheres for lab-on-chip applications have been prepared by
melt dispersion methods.

Co-solvent method

Use of co-solvent in liposphere development facilitates the
enhanced solubility of lipids and lipophilic drugs and to obtain
clear homogenous solutions. This was evident when chloroform
was used as co-solvent to prepare peptide loaded lipospheres and to
solubilize the polylactic acid, hydrogenated soyabean phosphotidyl
choline and thereby to obtain a clear solution of N-methyl

1281 Selection of solvents and co-

pyrollidone containing peptide.
solvents was the result of miscibility which affects the output. The
highly hydrophobic drugs viz. somatostatin, triptorelin, leuprolide
were formulated as lipid systems in the presence of co-solvents such
as dichloromethane, ethyl acetate, acetone, methyl ethyl ketone,
tetrahydrofurane and acetonitrile and made them to solubilize

along with phospholipids and polymers.™”

Multiple microemulsion method

The uniform size about 300 nm with 90% EE was reported
with multiple microemulsion method. In this approach, the
hydrophilic drugs were dissolved in an aqueous phase, and this
solution was added to the lipid phase to yield primary emulsion
at high temperatures. Then, the solution was added to the
oil phase containing hydrophobic emulsifier to yield uniform

5.5 The same technique was employed on

size liposphere
thymopentin encapsulation using sodium hexadecyl phosphate,

a lipophilic counter ion.P!

Super critical fluid method

The lipid and drug dissolved in a suitable organic solvent to form
a solution which was emulsified in an aqueous phase to form an
emulsion containing a discontinuous phase of micelles comprised
of organic solvent, drug and lipid. Finally, the emulsion was
treated with a super critical fluid (SCF) under suitable conditions,
which results in the extraction of the organic solvent from the
micelles and precipitation of solid composite lipospheres in
the aqueous dispersion.? Rapid removal of pressure causes
the supersaturation of particles leading to enhanced stability.
Use of CO, as a SCF was favored due its low cost, nontoxicity,
a critical point at 31°C and 74 bars of pressure.® Insulin SLM

was followed SCF method for pulmonary delivery.**

Spray drying method

Spray drying provides smaller size particles with homogeneous
distribution compared to other methods. The shape of particles
was affected by drying rate, viscosity and surface tension of the
drying liquid.””! The key parameters involved with this method
were inlet and outlet temperatures, feeding rate, drying gas
medium, gas flow rate, gas humidity and residence time. The rate
of particle formation was controlled by these key parameters. As
complete removal of solvent was observed, the chance of toxicity
was also minimized. This technique was highly applicable n food
361

industry in producing peptide loaded lipospheres.!

Spray congealing method

Spray congealing was successfully employed for preparing lipid
microparticles loaded with therapeutics such as clarithomycin,
theophylline, verapamil and indomethacin.?”* The molten
lipid-containing dispersed drug at 70°C was made to flow into the
spray congealer specifically into cyclone which was maintained
at —20°C, which lead to separation of solid particles that were
again made to atomize to remove adhered condensed water. The
atomization pressure and spraying temperature affect the particles
size distribution and also product yield. It was noticed that the
increased spraying temperature and pressure in spray congealing
cause the result of reduced particle size.*!! This method can be
recommended for scale-up process of sensitive drugs like peptides
to favor the stability of the active moiety and to sustain the release.

Lipospheres are differing from other nano lipid carrier systems
in terms of preparation itself. The solid lipid nanoparticles
can be prepared by double emulsification method whereas
nanostructured liquid crystals can be obtained by emulsification

of cubic lipid (e.g., glyceryl monooleate) phases in aqueous
buffers."”

FACTORS AFFECTING THE MORPHOLOGY
OF LIPOSPHERES

The solvent(s) used in solvent evaporation or co-solvent
technique affect the particle morphology, and the solvent remnant
were highly toxic. Solvent traces on the particle surface made
them aggregate whereas, in melt method, particle aggregation
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was absent. In the case of oxytetracycline lipospheres prepared
by melt method, mean particle size of 15-40 wm was obtained
whereas blank lipospheres showed an average size of 10 pm
where the drug moiety remained dispersed as particles of 5 pm.
Thus, the average size of loaded particles raised compared to
blank lipospheres.*!

The production of lipospheres by spray congeal and spray drying,
involved with atomization of the drug and lipids that form coat,
which favors microencapsulation. Avobenzene lipospheres
morphology was found to follow the preparation methods. The
avobenzene lipid particles composed of caranuaba wax and
phosphotidyl choline were yielded with uniform and spherical
particles by spray drying compared to that of melt method. The
morphology of lipospheres also affects the drug release patterns
which were noticed with 26% of avobenzene release in spray dried
particles whereas 60% release in melt method within given time.

Size analysis

Particle size and size distribution studies can be performed using
Coulter counter method to correlate the size and drug release
from lipospheres. The lipid particles showed burst release profile
for compritol lipospheres loaded with tetracaine, which was
due to more surface area of exposure." In spray congealing of
insulin loaded SLM, the temperature, pressure and type of lipid
determines the size of the particle. As the concentration of insulin
increases, the particle size get increased, which was revealed
in scanning electron microscopy (SEM) images. The smaller
sized particles of about 182 wm were best suited for parenteral
application.”"! The mean particle diameter of 20 Um was obtained
by melt method using bupivacaine, glyceryl palmitostearate
and Miglyol 812, Tween 80 and stearic acid as observed with
photon correlation spectroscopy (PCS)."*! In pilocarpine
loaded lipospheres of size range between 75 and 85 nm have
accomplished the drug release as required.™*!

The morphology of lipospheres was characterized by transmission
electron microscopy where interaction of the electrons with
lipid surface produces the images and SEM where electronic
transitions with particle surface produce the images."*¥/ On
the other hand, PCS and laser diffractometry were also able to
provide information on particle shape and size. Field emission
SEM (FESEM) can be effective in case of particles that were not
recognized by SEM where sample preparation may damage the
particle morphology. Cryogenic FESEM, where liquid nitrogen
was used to freeze the liquid dispersion, produced microscopic
images in the frozen state. The above methods were of two-
dimensional analyses of the particles and three-dimensional
profiles which include structural, mechanical, functional and
topographical information of lipospheres were given by atomic
field microscopy.* Nuclear magnetic resonance spectroscopy
being widely used for analyzing the nature of the lipids and
the lamillarity of the lipid particles formed, using paramagnetic
ions like manganese (Mn?*) and preseodimium (Pr**) that form
complexes with the lipids based on the polar groups available.
Liposphere formulation containing phosphatidylethanolamine

were identified using the trinitrobenzenesulfonic acid labeling
with evidence of 70-90% of the phospholipid polar heads in the
particle surfaces.P*!l

IN VITRO EVALUATION TECHNIQUES

The entrapment efficiency is defined as the drug entrapped in
the lipid based particles, relative to the total amount of drug
added, that is percent of drug included in the particles versus
percent of drug remaining in the dispersion medium, which
can be calculated from Equation 1. The EE increases with drug
concentration. The EE depends on the polymer concentration as
well. This was evident with that of EE of gentamycin, which was
depended on PEG and EE and subsequent microencapsulation
were increased gradually with PEG concentration.” The
EE was also affected by the lipid composition/ratio used in
formulating the lipospheres. The reason behind it may be
due to the presence of small amounts of fat in the inner core
of the lipospheres which lead to saturation of the fat core of
the lipospheres by the drug incorporated in dispersion.”
The EE also depends upon the drug solubility in the solvent
system used for processing. Various co-solvents such as ethanol,
dimethyl sulfoxide and dimethyl formamide been often used in
the formulation of lipospheres since they aid in a higher drug
entrapment.” Ultrafiltration and microdialysis were considered
as the most reliable techniques for EE quantification, while
result obtained by ultracentrifugation, the fastest and easiest
technique, but not always accurate.”™ Loading capacity (L.C)
was the percentage of drug incorporated into the lipid particles,
relative to the total weight of the lipid phase (drug + lipid)
and it would be computed from the Equation 2. LC being an
important parameter for characterization and optimization
of lipid-based drug carrier, depends mainly on the solubility
of the drug under investigation in the core lipid/lipids blend,
miscibility of drug melt and lipid melt, chemical and physical
stature of the SLM and the polymorphic state of the lipid. The
reported LC values range between 1% for prednisolone, 20-25%
for cyclosporine A (CsA) and up to 50% for extremely lipophilic

compound Vitamin E.P

Entrapmentefficiency (EE%) =
Mass of drugin lipospheres

— : X100 (1)
Initial weight of drug

Drugloading(%w / w) =
Amount of drug in lipospheres

X100 )

Mass of recovered lipospheres

SIGNS OF INCOMPATIBILITY

The incompatibility between the drug and solid lipid core that
cause the escape of drug from lipospheres was observed in
bupivacaine lipospheres. Core formed by ethyl stearate could
notincorporate bupivacaine due to incompatibility. Bupivacaine
migrated out of the particles and got needle-like crystals which
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were due to a gradual dissolution of the drug by aqueous medium
to saturation. The migration was occurred due to the presence
of water in the liposphere dispersion, which could be avoided by
lyophilization using cryo-protectant like sucrose and kept dry

until reconstituted before use."’

SUITABLE FORMULATIONS OF LIPOSPHERES

Lipospheres being possible alternative to avoid the side effects
resulting from the oral administration. The aceclofenac was
formulated into lipospheres successfully to sustain the release
topically."” The antigen or immunogen, alone or in combination
with a phospholipid carrier were able to form lipospheres with aid
of melt method and also with solvent preparation.”™ One of the
most promising approaches for the delivery of poor water-soluble
drugs is the use of layer-by-layer assembly technology for the
encapsulation of the lipid based drugs. This technique permits
the step-wise adsorption of the various components as the layer
growth is governed by their electrostatic attraction and allows the
formation of multi-layer shells with nanometer-scale precision. The
application of layer-by-layer assembly for emulsions, nanoparticles
and capsule based delivery systems for lipid based drugs were
extensively developed.” The lipid microparticles as a parenteral
controlled release device for peptides were also established.!!

SUITABLE STORAGE CONDITION

As the storage conditions are important for lipid dispersion, the
formulated lipospheres can be stored at 4°C in order to prevent
the degradation of the coat and core material and thereby
maintaining the structural integrity. Lipospheres are very stable
after 3 months storage at 2-8°C manifested by low leakage rate
(<7%) and no major changes in particle size.”” Oxytetracycline
injectable lipospheres meant for veterinary use were analyzed for
the injectability when stored at 4°C showed stability irrespective
of the lipid used in liposphere formulations.™ If proper storage
conditions were not maintained the problems of stability could
be aroused leading to failure and may cause toxicity due to
degradation of lipids.

STABILITY STUDIES

Many studies have conducted on liposphere stability at various
stress conditions. Among them, the photolysis based stability
testing was proven to be a benchmark. The photolysis based
stability studies were explained with an example of butyl
methoxydibenzoylmethane (BMDBM), a sunscreen agent
complexed with hydroxypropyl-B-cyclodextrin (HP-B-CD).
The lipospheres of BMDBM were developed with tristearin and
hydrogenated soybean phosphotidylcholine. The resulting cream
was undertaken for photo degradation study about 3 months in
which permeability of lipospheres and also the release of drug
were evaluated. It was learnt that the lipospheres are able to
provide further superior protection to the drug in formulation,

apart from the protection provided by HP-B-CD inclusion
complexation.*!

IN VIVO EVALUATION

The efficiency of target/site specific delivery of liposphere systems was
supported by in vivo studies. Out of these evidences, the curcumin
loaded lipospheres targeted to colon for treating intestinal bowel
disorder were evaluated based on the degree of inflammation and
the presence of edema or ulceration, diarrheal score and visible fecal
blood.!"! Lipospheres of bupivacaine was pharmacodynamically
assessed for its nerve blockade. Both sensory and motor blockade
lasted for 11 h on greater side and the least being 1.8 h.1”! The CsA
loaded lipospheres were developed by spray drying along with
hyaluronic acid and sodium lauryl sulfate and had increased in vitro
and in vivo parameters compared with CsA powder. Such research
findings provide strong support to lipospheres as effective oral dosage

forms for poorly water-soluble drugs."

APPLICATIONS

Griseofulvin, a Biopharmaceutics Classification System Class
IV has 50% efficacy in clearing the lesions of Tinea corpis and
75% of mycological cure rate by liposphere formulation.!*"
Oral particulate CsA liposphere dispersion was found to have
improved bioavailability about 60%, while treating transplant
rejection and autoimmune diseases.'! Donepezil lipospheres
were found to be efficacious in Alzheimer’s treatment when it
was administered as subcutaneous and intramuscular depot.*!
A formulation of buoyant lipospheres with lercanidipine, an
antihypertensive agent was successfully proved as controlled
delivery formulation.” On other hand, sunscreen antioxidants
were successfully formulated into lipospheres for topical and
cosmetic purpose with vobenzene and BMDBM. Bupivacaine,

a local anesthetic liposphere, had also followed in similar lines.

LIMITATIONS

High pressure induced drug degradation, lipid crystallization,
gelation phenomena and co-existence of several colloidal
species were found as drawbacks associated with liposphere
processing. These drawbacks were the results of manufacturing
process controls such as high pressure and rapid temperature
changes."”! Cytotoxic effects after phagocytosis, toxic effects of
organic residues after the production of polymers and lack of
industrial-scale up made their practice restricted.*”

CONCLUSION

Lipospheres as crystal lipid particles composed of lipids, which
are typically selected on the basis stability and physicochemical
parameters. Though the lipids are prone to degradation, the
formulations can be stable and firm with lipids and stabilizers.
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The sensitive and potent drugs can be formulated as lipospheres to

enhance stability and therapeutic efficacy at low doses. The highly

lipophilic or hydrophilic therapeutics and also drug candidates

having narrow therapeutic indices can be delivered effectively by

prolonging the circulation time and facilitates to reach the desired

site of action. Moreover, the liposphere formulations are well

suitable to administer by the most common routes such as oral,

topical and intravenous in order to enable therapeutics to reach

deep/peripheral tissues such as cerebrospinal fluid and central

nervous system (CNS). This approach is very useful in treating

chronic CNS ailments like Alzheimer and neurodegenerative

disorders. The lipospheres are viable for commercial scale

production of life saving drugs and cosmetics.
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