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ABSTRACT: Cubosomes are very stable nanoparticles, which consist of
cavernous or honeycombed structures. Cubosomes are formed from some
amphiphilic lipids and stabilized by a polymer. They are known as
bicontinuous cubic phase liquid crystals. The bicontinuous word refers to the
two continuous but non-intersecting aqueous regions by a lipid bilayer.
Cubosomes are self-assembled liquid crystalline particles of a specific ratio
of water and surfactant. Self-assembled cubosomes act like an active drug
delivery system. They are having rheology like a solid. Cubosomes are
thermodynamically stable, and their dispersions are biocompatible as well as
bio-adhesive. Cubosomes are administrable in various ways, like parenteral,
oral, mucosal, transdermal, etc., for the treatment of skin, hair, or any other
body tissues. Cubosomes could encapsulate the amphiphilic, hydrophilic, and
also hydrophobic substances. Nevertheless, some researchers have been
identifying the scope of cubosomes as delivery systems. They have different
drug loading modalities and having high internal surface areas. Controlled
release and targeting of bioactive agents are other abilities of cubosomes.
They are also applicable as membrane bioreactors, biosensors, artificial cells,
etc. They are prepared by a simple method. As compared to the liposome,
cubosomes possess larger breaking resistance. The present article reviews
and discusses the advanced methods of preparation of cubosomes.

INTRODUCTION: The “cubosomes” term was
firstly coined by Larsson, which is similar to
liposomes *. Cubosomes are the nanostructured
particles and these are the discrete and sub-micron
size particles of the bicontinuous cubic liquid
crystalline phase. The bicontinuous cubic phases
are having a specific benefit, that is, their ability to
tune membrane curvature. Cubosomesare self-
assembled liquid crystalline particles, which have
rheology like a solid . Liquid crystals could be a
quarter state of matter.
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These cubosomes are made up of lipids, polymers,
and surfactants, which are usually amphiphilic.
Here, the meaning of bicontinuous is that the
enclosures of two different regions of water are
divided by surfactant bilayers.

Cubosomes are similar to liquid crystalline
substance, viscous, optically isotropic as well as
solid and having cubic crystallographic symmetry
%, Cubosomes are highly important in nano-
technology based drug delivery system . Recently,
the interest in pharma has increased into a particle
with a few hundred nm in diameter that is 10-500
nm in diameter °. The ratio of drug to the polymer
is around 1:2 or 1:1, which may vary substance to
substance. Some anticancer drugs have been
successfully formulated in the form of cubosomes.
The large-scale production of cubosomes was
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difficult because of their viscosity and behavior of
phase. When water is mixed with some specific
surfactants, then there is a spontaneous formation
of cubic phase °. The cubosomes and the parent
cubic phase possess the same microstructure; also
the cubosome dispersions have much lower
viscosity as compared to the bulk cubic phase .
The cubosomes have a larger surface area in
comparison to the parent cubic phase . Cubosomes
are formed by the self-assembly of surfactant-like
molecules or amphiphilic molecules °.

Cubosomes are generally prepared by high energy
dispersion of the bulk cubic phase '°. There is a
colloidal stabilization by polymeric surfactants **.
The cubosomal formulations are either released via
diffusion or absorbed *2. At higher levels of
dilutions, most of the liquid crystalline systems are
converted into micelles. But, at any dilution levels,
the cubosomes remain stable. This is because of the
relative insolubility of the cubic phase, which is
formed by lipids in water. The controlled drug
release is nothing but a release of a drug in a pre-
designed manner. A drug delivery system is like a
device that carries a drug moiety to the specific site
of the body (or towards a specific tissue) to achieve
an effective concentration at the site of action.

There are some benefits of controlled drug release,
such as — enhances the therapeutic benefits,
minimizes untoward side effects, reduce the need
of multiple dosing, increases patient compliance,
reduces cost, etc. **° In the cubosomal vesicles,
when drugs are incorporated into it, then it will
transport drugs to the site of action (even a high
molecular weight drugs). It acts as a penetration
enhancer, and it will increase drug transport across
skin *®. Cubosomes are a part of vesicular drug
delivery system, which were discovered in 1980 *’
and had great importance in a nanotechnology *.
Cubic gel phase, cubosomes, and cubic phase
precursor are the three forms of cubic phase.
Cubosomes acts as a promising delivery system for
various substances, such as proteins, amino acids,
peptides, low molecular weight substances, nucleic
acid, etc. 1> ?°. The mechanism of a cubic phase is
as a delivery vehicle. They showed better stability
than the liposomes 22, Cubic liquid crystals are
transparent and stable even in excess of water.
Cubosomes are the form of binary systems 2.
Cubosomes have many applications such as
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antibiotics delivery, analgesics, enzymes, anti-
muscarinic drugs and peptides delivery %.
Cubosomes consist of highly twisted lipid bilayers,
and they possess a high surface area, which is about
400 m?/g *®. The cubosomes size ranges from 10-50
nm in diameter. The cubosomal systems are
superior to other novel delivery systems because
there is an improvement in the stability of the drug
in formulation, maximizing drug loading capacity,
controlled drug release, and also optimum particle
size. The drug in a cubosome will diffuse through a
channel present on cubic phase >’

Polymers used in cubosomes preparation are
responsible for both stability as well as controlled
release behavior %. These polymers also include
block copolymers as well as PEG moieties. This is
modifiable with protein molecules. There are few
companies (Nivea, L’Oréal, Procter & Gamble)
who are engaged in a researching activity for
cosmetical ~ (cosmeceutical)  applications  of
cubosomes. Recently, researchers are investigated
the cubosomes for the therapy of cancer, cosmetic
production, topical applicability as well as other
drug delivery systems. In practice, the anticancer
drugs which are being formulated are very less %°.

1.1. Advantages: Cubosomes are bio-adhesive,
non-irritant, non-allergic, biocompatible, and
biodegradable *°. It has a simple method of
preparation *!. They have a high drug-loading
capacity because of their high internal surface area.
They are thermodynamically stable for a longer
time period . It has physicochemical stability
(even in excess of water) **. They have an ability to
encapsulate amphiphilic, hydrophobic/lipophilic
(cinnarizine), as well as hydrophilic (like
cyclosporine) substances ** *. The controlled
release and targeted release of bio-actives are
achievable with the use of a certain polymer.
Bioavailability is good because of its size. Since
less repeated administration is there, it minimizes
overall health care cost. They reduce side effects,
which are related to the burst release in case of
injections. Particle volume and a bilayer area
possess a larger ratio as compared to liposome *.
In comparison with the other conventional carriers
(lipid-based), cubosomes possess the property of
excellent solubilizers. They showed a capacity to
encapsulate the drugs which are sparingly water-
soluble. They act as a vehicle that carries the
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sensitive drug moiety from the enzymatic
degradation (proteins, peptides). They enhance the
bioavailability of water-soluble peptides in the
range of about 20-100% *’. The methods for the
preparation of cubosomes (i.e., shear and
homogenization techniques) do not require the use
of organic solvents 3%,

1.2. Disadvantages: There is less entrapment of
water-soluble drugs because of the presence of a
large amount of water inside cubosomes “°. The
large-scale production of cubosome is difficult, due
to high viscosity **. The controlled drug delivery
cannot be possible without the use of a specific
polymer. They may lead to leakage during storage
or during in-vivo transfer *. There are chances of
growth of particles upon long-standing. Cubosomes
have the capability to cause a phase change (their
dynamics), if there is a change in external
environment *.

2. Structure of Cubosome: The honeycombed
structure is the basic structure of cubosome. They
possess a solid-like viscosity *. They look like a
dot, and every dot is related to the presence of pore
> There are two internal aqueous channels, and in
between them, there is a large interfacial area.
Simply, cubosomes are the nanoparticles or nano-
structure particles of liquid crystalline phases.

They possess crystallographic symmetry. They are
self-assembled with amphiphilic substances. They
are bicontinuous (distinct, but continuous and non-
intersecting) regions of water which is separated by
surfactant. This interconnected property makes
cubosomes a viscous gel which is very similar to
hydrogels. The composition of cubosomes, i.e.,
water and lipid, make them biocompatible *°.

2.1. Types of Cubosome Precursors: They are
able to protect the thermosensitive drug moieties.

2.1.1. Liquid Cubosome Precursor: In this, the
particles are produced by nucleation, and then there
is a growth by saturation. It is observed that the
process of hydrotrope dilution  produces
comparatively stable as well as smaller cubosomes.
This is obtained by dissolving monoolein in any of
the hydrotrope. Then the subsequent dilution of the
mixture spontaneously precipitates or crystallizes.
It avoids the high energy processes and also bulks
solid handling. It permits the easy scale-up of
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cubosomes preparation *"* *8. These are generally
used in hand washes and mouthwashes.

2.1.2. Powdered Cubosome Precursors: They
consist of surfactant, which is dehydrated and
coated with a polymer. The cubosomes are formed
by the hydration of the precursor powders.

The lipids used here are sticky and waxy solids.
The suitable process which is applicable to this is a
spray drying process “¢, which is suitable for large-
scale production.

3. Components of Cubosomes: Natural lipids
which  possess  bicontinuous cubic  phase,
amphiphilic surfactants as well as polymers are the
main components of cubosome formulation “.
Lipids like ~ monoglycerides, glycolipids,
phospholipids, and urea-based lipids have the
ability to self-assemble spontaneously in the
presence of water *°. Usually, GMO addressed as
monoolein and phytantriol > *2. Monoolein is the
main precursor of cubosome formulation, and it is
present in two forms. These are — as a mixed
glyceride form and as a distilled monoolein.
Distilled monoolein IS applicable in
pharmaceuticals because of its purity.

It is known as ‘a generally recognized as safe’
(GRAS).The most commonly used surfactant in
cubosome  formulation is the Poloxamer
(concentration range 0%-20%w/w). Polyvinyl
alcohol is an alternative for poloxamer as a
stabilizing agent. The presence of ester moiety
makes GMO a biodegradable lipid 3. Oleyl-
glycerate (OG) (forms reverse hexagonal phase)
and GMO (forms bicontinuous cubic phase) are
structurally similar.

For parenteral use of GMO, some literature were
highlighted GMO-induced hemolysis. The OG is
safe for the formulation of the oral dosage form.
Phytantriol possesses benefits such as penetration
enhancer **, time-controlled release as well as
sustained release, then structural stability and high
purity as compared to GMO > . Phytantriol is a
good alternative for a GMO. Phytantriol is more
hydrophobic than GMO, but Phytantriol has a more
branched hydrocarbon chain than GMO. Therefore,
GMO is more flexible. The physicochemical factor
to be considered while selecting excipients is that,
the compatibility of drug and polymer *’. So as to
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minimize the stability issue, there goes a selection
priority towards the polymers, and the melting
point of that carrier molecule should be more than
45°C %,

4. Methods of Preparation of Cubosomes:
1) High-Pressure Homogenization

2) Automated Cubosome Preparation

3) Probe Ultrasonication

4) Other Methods:

4.1) Emulsification

4.2) High Shear Homogenization Technique
4.3) Spray-Drying Technique

5) Special Techniques:

5.1) Top-Down Technique

5.2) Bottom-Up Technique

4.1. High-Pressure Homogenization: It is the
most suitable method > *° for the cubosome
preparations, which are highly stable during high-
pressure homogenization process and also retains a
long shelf life > 2. It consists of three steps:

4.1.1. Gel Preparation: In this step, the lipid and
amphiphilic surfactants are dissolved in solvent
(organic) followed by mixing properly, so as to
appear as a uniform mixture. Here, the rotary
evaporator is used to evaporate the organic solvent
to form the gel phase of a formulation.

4.1.2. Shearing: In this step, the prepared gel is
going for shear. The aqueous solvents are used to
produce a micro-dispersion. It is the determining
step before homogenization in the process of
cubosome formation.

4.1.3. High-Pressure Homogenization: This
method is applicable to the large volume sample
systems (30 ml), and it is not acceptable for the
small volume sample systems.

In this step, the temperature is selected as per the
properties of lipid since this method is temperature-
sensitive. In this, the prepared dispersion is
undergoing the high-pressure homogenizer for
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homogenization. Only a single sample could be
processed by this method.

2. Automated Cubosome Preparation: It is
similar to the probe sonication method with few
changes. A large number of cubosomes could be
prepared by this method. The probe sonicator and
robotic systems are used in this method of
cubosome preparation. In this method, the gels are
prepared by using a 96 well plate which has a
solvent capacity of 600 ul. Then the sonication is
performed by a robot. Here, in this method, the
(E)Bhysicochemical properties can be easily assessed

3. Probe Ultra Sonication: This process is fast and
is used for the preparation of small volume
samples. It is capable of dispersing samples, even if
it is 600 ul in quantity. It depends on probe size. In
this process, the gels are prepared by the addition
of stabilizers. Then there is a solvent equilibration
which forms a cubic phase. After this, the cubic
phase is transferred for the ultra sonication64. So as
to control the pulsing frequency and to avoid
overheating of samples, there is a need for careful
maintaining of variables, i.e., frequency and
amplitude.

3.1. Advantages: The equipment's which are
applicable in this method is very common. This
method is easy and is widely used.

3.2. Disadvantages: There are chances of
contamination due to metal. During the storage
phase, particle growth could happen.

4. Other Methods:

4.1. Emulsification: In this method, the cubosomes
are produced by poloxamer 407, which dilutes the
monoolein-ethanol solution ®°.

4.2. High Shear Homogenization Technique: In
this method, stabilizers are added so as to avoid the
aggregation of particles in the shelf-life period. (It
is a good method, but it has some limitations also,

gghich IS because there is a high shear application
).

4.3. Spray-Dried Technique: This technique is
also applicable for the production of cubosomes. In
this method, the monoolein is covered by
polysaccharides (dextran/starch) after hydration.
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Then the polymers are added into this so as to
maintain stabilization ©’.

4.3.1. Advantages: This method is applicable for
powder formulations. By using this method,
microencapsulation is possible. In this method,
organic solvents are also applicable.

4.3.2. Disadvantages: This method is complicated
(as compared to other methods). A very low
amount of yield is obtained by this method (5 to
30%).

5. Special Techniques:

5.1. Top-Down Technique: This technique is
applicable for the cubic phases in bulk and it needs
a high energy input. It is prepared by the addition
of amphiphilic surfactants with lipid. Then the
above mixture is dispersed in an aqueous phase by
the use of high-pressure homogenization, which is
followed by sonication. This produces liquid
crystal nanoparticles.

Oil phase

-
\V/j

High energy input

FIG. 1: TOP-DOWN TECHNIQUE OF CUBOSOME
PREPARATION

Aqueous phase ---{

L nanoparticles

It is a widely used technique. It is invented by
Ljusberg-Wahren, in 1996. It requires high energy
input. The cubosomesco-exist with vesicles like
structure 68. In this method, firstly, the cubic
phases are formed in bulk, and then it gets
dispersed by high energy. There is a rupturing of
the cubic phases; therefore, there is a requirement
of high energy input ®.

5.1.1. Advantages: Prepared formulations are clear
and visible. The use of organic solvents is not
required in this method. This method is
comparatively simple.

5.1.2. Disadvantages: It is a time-consuming
process. This is a method, which needs high energy
input.
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5.2. Bottom-Up Technique: This technique is
applicable for the robust preparation of cubosomes.
It is very effective in the preparation of small
particles. A very less energy input is required.

Lipid + stabilizer -~

Aqueous phase--- j>energy input = Cubosomes

Hydrotrope

FIG. 2: BOTTOM-UP APPROACH FOR CUBOSOME
PREPARATION.

In this method, the cubosomes are produced from
the precursors. In this, there is a spontaneous
formation of cubosomes by the process of
emulsification “°. In this method, hydrotrope is the
important element. It is a process in which the large
particles are formed from the aggregation of
particles  (approach=dilution-based). Therefore,
they exhibit stability for a longer-term.

5.2.1. Advantages: It is not time consuming
process. The use of any organic solvent is not
required. Here, very low energy is needed.

5.2.2. Disadvantages: It may produce allergic
reactions if taken orally because of hydrotropes. It
produces milky white preparations.

6. Evaluation and Characterization of
Cubosomes:

6.1. Visual Inspection Studies: In this, the
cubosomes are inspected for their external

appearance, such as morphology, turbidity, color,
uniformity, and presence of particles.

6.2. Transmission Electron Microscopy (TEM):
The morphology of cubosomes could be assessed
by wusing TEM. It could provide shapes of
cubosomal particles. It could give electron
microphotographs’ for observation and gives a
high-resolution image. Therefore, visualization is
possible. It is capable of giving much high
resolution as compared to light microscopes. It acts
as an excellent tool for character determination of
soft matter dispersions. It could overcome all the
demerits (vacuum environment, poor images,

International Journal of Pharmaceutical Sciences and Research 583



Tekade and Avhad, IJPSR, 2022; Vol. 13(2): 579-588.

inducing structural changes in cubic phase, etc.) of
regular electron microscopy.

6.3. Zeta Potential: The stability of preparation
could be assessed by a magnitude of zeta potential.
It shows a high degree of repulsion.

6.4. Viscosity: Viscosity could be assessed by use
of viscometer, i.e.,, Rotational Brookfield
Viscometer.

6.5. Particle Size Analysis: In this, the samples are
diluted with compatible solvent and are exposed to
300 Hz, which is the scattering intensity of light at
25 °C ™. It is measured by dynamic laser light
scattering by the use of a Zeta sizer. In this, the PDI
and zeta potential can also be measured. It gives
data that contains the average weight, volume, size.
For the determination of particle size by Malvern
zeta sizer, there is a need; that is, the samples could
be diluted to 100 folds with water.

6.6. Polarized Light Microscopy: The
determination of the cubosomal surface coatings,
which are optically brief ringent or vesicular, could
be possibly assessed by polarized light microscopy.
The anisotropic and isotropic differentiation could
also be provided by this method 2. It could observe
the alteration of cubic phases. It provides
information about the possible co-existence of
layered (cross or striated pattern) and hexagonal
liquid crystals .

6.7. Differential Scanning Calorimetry: DSC
could give information about whether the phase
transition occurs or not, as the liquid crystals are
thermodynamic equilibrium systems, as the
endothermic and exothermic processes are
responsible for phase transitions.

6.8. Small Angle X-ray Scattering: To determine
different groups in a sample and their spatial
arrangement, the small-angle X-ray scattering
could be applied. It also provides information about
pore sizes, distances of partially ordered
substances, and the shape of particles. It can
measure structural information on molecules,
which is in very small size, i.e., 5 to 25 nm. It is
applicable for determining the 3-D arrangement of
various groups present in the formulation.

6.9. Entrapment Efficiency: The ultrafiltration
techniques could be used for the assessment of
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cubosomal entrapment efficiency ™. In this method,
the concentration of an unentrapped drug is
measured and from this, the concentration of
entrapped drug could be found, and this is achieved
by the use of a spectrophotometer. In this, the
dilution of the sample is made with deionized
water, and then there is centrifugation. After this,
there is a process of ultrafiltration, which consists
of a certain amount of drug, measured
spectrophotometrically.

6.10. Drug-loading Determination: It could be
determined by the use of ultrafiltration methods or
gel permeation chromatography. Then it could be
analyzed by HPLC .

6.11. Drug Release Measurement: It could also
be measured by pressure ultrafiltration method ™. It
consists of an Amicon pressure ultrafiltration cell.
This is joined with the Millipore membrane.

6.12. Stability Studies: In this, the stability could
be assessed on the basis of organoleptic as well as
morphological characteristics with respect to the
time period. Also, the drug content and particle size
distribution determination with the time . In this,
evaluations of possible changes with respect to
time are studied.

7. Applications:

7.1. For the Controlled and Sustained-release
Behavior: This is achievable because of the unique
behavior of cubosomal particles, i.e., the leftovers.
It is the most popular application of cubosomes
achieved by researchers. The cubic phase is the one
that is very favorable for controlled release, as it
has a small (5-10 nm) pore size. A variety of
ingredients or  API’s  having  different
physicochemical  characteristics  could  be
encapsulated in cubosomes. Because of the
advantage of biodegradability of cubosomal
material by enzymes, controlled and sustained
release of drug is achievable, and they are not
accumulating inside the body.

7.2. As a Drug Delivery Vehicle: Some companies
(L’Oréal& Nivea) are trying for the cosmetic
formulation (O/W emulsion stabilizers, pollutant

absorbents, etc.), which consists of the use of
78

cubosomes °. This is a very common use of
cubosomes and is a universal application of
cubosomes.
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7.3. For Topical Drug Delivery Systems: As the
nature of cubosomes is very bio-adhesive, therefore
they are used in mucosal as well as topical drug
delivery systems. They are useful for providing
protection for skin sensitivity.

Cubosomes possess high permeability as they
consist of ethanol, and ethanol is responsible for
the disruption of the skin. Because of this, there is
an enhancement of lipid fluidity, and they enhance
the skin permeability of the drug.

7.4. For the Treatment of Viral Diseases: The
lipids which are used in the formulation of
cubosomes, such as monoglycerides, possess
microbicidal activities. Therefore, they are
applicable for the treatment of sexually transmitted
diseases, which are caused by viruses (HIV) as well
as by bacteria (genorrticae) ”°.

7.5. For Cancer Therapy: There are many
anticancer drugs whose encapsulation within
cubosomes has been successfully done. Cubosomes
acts as a very favorable carrier for anticancer
agents. The delivery system, which is having a
small size, is the important parameter for the
anticancer agents so as to get increased effects as
well as retention.

7.6. For Intravenous Drug Delivery: The
cubosomes have the promising characteristic of
high drug payload as compared to the liposomes.

Also, it is a carrier, which acts as an ideal carrier
for injections. Some of the small molecules, which
are insoluble, are given by cubosomes.

They also act as a precursor for the delivery of
viscous substances. Because of, when the lamellar
phases are injected via subcutaneous route, initially
it is flowable, but later it absorbs water from
surrounding, and therefore, it converts into cubic
phase. This is responsible for the formation of in
situ depot.

7.7. For Oral Drug Delivery: The oral drug
delivery system consists of many challenges. Such
as

a) Large size molecules
b) Aqueous solubility
c) Absorption (poor)
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Cubosomes are able to overcome all these
challenges. They also have another advantage,
which is the release of drugs at various sites and
this is required in the case of drugs whose
absorption window is narrow 80. The local effect
I.e., in the gastrointestinal tract, is also possible.

8. Future Prospects: The cubosomes grip a great
capability in the application of drug delivery as
well as sustained drug delivery. The previous
studies on cubosomes are needed to be broadened
because these are still at the very basic level, and
further investigation is needed. The exact studies
are required for the drug loading capacities as well
as their release behavior. In the future, there is a
requirement  for  further  optimization and
development so as to understand the suitability of
cubosomes with body tissues and blood. Then
another thing, which is a must in the development,
is that the stability requirements of cubosomes in
the biological fluids. Also, studies are required so
as to get knowledge about the factors, which affect
drug release from cubosomes.

CONCLUSION:  Cubosomes  possess the
capability to encapsulate many drugs, i.e., both
hydrophilic as well as hydrophobic; also, they are
able to reach the targeted sites, like the brain or
central nervous system. Cubosomes are usable for
the various types of drug moieties, immunogenic
substances, proteins, and cosmetic preparations.

They are very small in size but possess a wide drug
loading area. The cubosomes have been widely
applicable for ophthalmic, oral, intravenous,
topical, melanoma therapy, and also for diabetes. It
also has a unique property in personal care
products. There is a similarity between the internal
structure of body tissues and cubosomes. They are
suitable for the skin and various tissues of the body
for treatments.

This is because of their ability to target specificity.
This cubosome technology is comparatively novel,
and it has a lot of scope in the research area for the
formulation and development of new products with
high output.

This leads to industrial and commercial progress in
the field of the pharmaceutical sector. Cubosome
formulations are prepared by only a simple
combination of lipids with water and they offer
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flexibility in the development procedure of the
product. They are suitable for body tissues because
of the compatibility of lipids. In conclusion, there is
a need for further study on cubosomes, so as to
better understand the safety testing and the role of
vesicles of cubosomes in the drug delivery systems.

ACKNOWLEDGEMENT: The

authors are

thankful to the management of Marathwada Mitra
Mandal’s College of Pharmacy, Thergaon, Pune,
for their support and encouragement.

CONFLICTS OF

INTEREST: AIll authors

declare that they have no conflict of interest.

REFERENCES:

1.

10.

11.

12.

13.

14.

International Journal of Pharmaceutical Sciences and Research

Vinod KR, Sravya K, Sandhya S, Banji D, Anbazhagan S
and Rani PA: Tailoring active compounds across
biological membranes by cubosomal technology: an
updated review. Journal of Chinese Pharmaceutical
Sciences 2013; 22 (4): 303-11.

Almeida JD, Brand CM, Edwards DC and Health TD:
Formation of virosomes from influenza subunits and
liposomes. Lancet 2: 899-01.

Thadanki M, Kumari PS and Prabha KS: Overview of
cubosomes: a nano particle. International Journal of
Research in Pharmacy and Chemistry 2011; 1(3): 535-41.
Spicer PT: Cubosomesbhi continuous cubic liquid
crystalline nanostructured particles. The Procter and
Gamble Company, West Chester, Ohio, USA.

Dierking I: A review of polymer stabilized ferroelectric
liquid crystals. Materials. 2014; 7(5): 3568-87.

Wibroe PP, Azmi ID, Nilsson C, Yaghmur A and
Moghimi SM: Citrem modulates internal nanostructure of
glyceryl monooleate dispersions and bypasses complement
activation: towards development of safe tunable
intravenous lipid nanocarriers. Nanomedicine 2015; 11(8),
1909-14.

Tilekar KB, Khade PH, Shitole MH, Jograna MB and Patil
RY: Cancer oriented cubosomes — a review. International J
for Pharmac Res Scholars (IJPRS). 2014; 3: 198-10.
Spicer PT and Lynch ML: Bicontinuous cubic liquid
crystalline Phase and Cubosome Personal Care Delivery
Systems. Available from http://www.nonequilibrium.com/
CubicLiquidCrystallineRosen.pdf

Spicer PT: Cubosome Processing Industrial Nanoparticle
Technology  Development.  Chemical  Engineering
Research and Design 2005; 83(A11): 1283-86.

Angelov B, Angelova A and Drechsler M: Identification of
large channels in cationic PEGylated cubosome nano-
particles by synchrotron radiation SAXS and Cryo- TEM
imaging. Soft Matter 2015; 11(18): 3686-92.

Karami Z and Hamidi M: Cubosomes: Remarkable drug
delivery potential. Drug Discove Today 2016; 21: 789-01.
Spicer PT and Lynch ML: Bicontinuous Cubic Liquid
Crystalline Phase and Cubosome Personal Care Delivery
Systems. Available from

Rarokar NR and Khedekar PB: Cubosomes: a vehicle for
delivery of various therapeutic agents. MOJ Toxicol 2018;
4:19-21.

Wei Y, Zhang J, Zheng Y, Gong Y, Fu M, Liu C, Xu L,
Sun CC, Gao Y and Qian S: Cubosomes with surface

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

cross-linked chitosan exhibit sustained release and
bioavailability enhancement for vinpocetine. RSC Adv
2019; 9: 6287-98.

Tran N, Mulet X, Hawley A.M, Fong C, Zhai J, Le TC,
Ratcli J and Drummond CJ: Manipulating the ordered
nanostructure of self-assembled monoolein and phytantriol
nanoparticles with unsaturated fatty acids. Langmuir 2018;
34: 2764-2773.

Gontsarik M, Mohammadtaheri M, Yaghmur A, Salentinig
S:  pH-Triggered nanostructural transformations in
antimicrobial peptide/oleic acid self-assemblies. Biomater.
Sci 2018; 6: 803-12.

Varde NM, Mehta NK, Thakor NM, Shah VA and
Upadhyay UM: Phytosomes: a potential phospholipid
nanoparticulate carrier. Pharmacie Globale (1JCP) 2012;
10: 1-7.

Tilekar KB, Khade PH, Shitole MH, Jograna MB and Patil
RY: Couldcer oriented cubosomes — a review.
International  Journal for Pharmaceutical Research
Scholars. 1JPRS 2014; 3: 198-10.

Lee K WY, Nguyen TH, Hanley T and Boyd BJ:
Nanostructure of liquid crystalline matrix determines in
vitro sustained release and in vivo oral absorption kinetics
for hydrophilic model drugs. Int J Phar 2009; 365: 190-9.
Alam MM, Ushiyama K and Aramaki K: Phase formation,
and rheology of cubic phase and related gel emulsion in
tween 80/water/oil system. J Oleo Sci 2009; 58: 361-7.
Barauskas J, Johnsson M, Joabsson F and Tiberg F: Cubic
phase nanoparticles (cubosome): principles for controlling
size, structure and stability. Langmuir 2005; 21: 2569-77.
Spicer PT, Hayden KL, Lynch ML, Ofori-Boateng A,
Burns JL. Novel process for producing cubic liquid
crystalline nanoparticles (cubosomes). Langmuir 2001; 17:
5748-56.

Salentinig S, Yaghmur A, Guillot S and Glatter O:
Preparation of highly concentrated nanostructured
dispersions of controlled size. J Colloid InterfSci 2008;
326: 211-20.

Garcia-Pinel B, Porras-Alcala C, Rodriguez AO, Sarabia
F, Prados J and Melguizo C: Lipid-based nanoparticles:
application and recent advances in cancer treatment
Nanomaterials 2019; 9: 638

Mathews PD and Mertins O: Dispersion of chitosan in
liquid crystalline lamellar phase: Production of biofriendly
hydrogel of nano cubic topology. Carbohydr Polym 2017;
157: 850-57.

Bor G, Azmi IDM and Yaghmur A: Nanomedicines for
cancer therapy: current status, challenges and future
prospects Ther Deliv 2019; 10: 113-32.

Murgia S, Biffi S and Mezzenga R: Recent advances of
non-lamellar lyotropic liquid crystalline nanoparticles in
nanomedicine Curr Opin Colloid Inter Sci 2020; 48: 28-39
Souto EB, Baldim I, Oliveira WP, Rao R, Yadav N and
Gama FM: SLN and NLC for topical, dermal, and
transdermal drug delivery Expet Opin Drug Deliv 2020;
17: 357-77.

Vinod KR, Sravya K, Sandhya S, Banji D, Anbazhagan S
and Prameela RA: Tailoring active compounds across
biological membranes by cubosomal technology: an
updated review. J Chine Pharm Sci 2013; 22: 303-11.
Rizwan SB, Dong YD, Boyd BJ, Rades T and Hook S:
Characterization of bicontinuous cubic liquid crystalline
systems of phytantriol and water using cryo field emission
scanning electron microscopy. Micron 2007; 38: 478-85.
Bei D, Meng J and Youan BC: Engineering Nanomedicine
for Improved Melanoma Therapy: Progress and Promises.
Nanomedicine (London, England) 2010; 5(9): 1385-99.

586


http://www.nonequilibrium.com/

Tekade and Avhad, IJPSR, 2022; Vol. 13(2): 579-588.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

International Journal of Pharmaceutical Sciences and Research

Tilekar KB, Khade PH, Shitole MH, Jograna MB and Patil
RY: Cancer oriented cubosomes — a review. International
Journal for Pharmaceutical Research Scholars (IJPRS).
2014; 3: 198-10.

Spicer PT: Cubosome Processing Industrial Nanoparticle
Technology  Development.  Chemical  Engineering
Research and Design 2005; 83(A11): 1283-86.
Yingchoncharoen P, Kalinowski DS and Richardson DR:
Lipid-based drug delivery systems in cancer therapy: what
is available and what is yet to comePharmacol Rev 2016;
68: 701-87.

Sastri KT, Radha GV, Pidikiti S and P Vajjhala: Solid lipid
nanoparticles: preparation techniques, their
characterization, and an update on recent studies. J Appl
Pharmaceut Sci 2020; 10: 126-41.

Rizwan SB, Dong YD, Boyd BJ, Rades T and Hook S:
Characterization of bicontinuous cubic liquid crystalline
systems of phytantriol and water using cryo field emission
scanning electron microscopy. Micron 2007; 38: 478-85.
Spicer PT: Cubosome processing industrial nanoparticle
technology development. Chemical Engineering Research
and Design 2005; 83(A11): 1283-86.

Mathews PD, Patta, ACMF, Gongalves JV, Gama GDS,
Garcia ITS and Mertins O: Targeted Drug Delivery and
Treatment of Endoparasites with Biocompatible Particles
of pH-Responsive Structure. Biomacromolecules 2018; 19:
499-10.

Attama AA and Muller Goymann CC: Effect of beeswax
modification on the lipid matrix and solid lipid
nanoparticle crystallinity. Colloids Surf A: Physicochem
Eng Aspects 2008; 315: 189-95.

Tilekar KB, Khade PH, Kakade S, Kotwal S and Patil R:
Cubosomes a drug delivery system. International Journal
of Chemical and Biochemical Science. 2014; 4: 812-24.
Karami Z and Hamidi M: Cubosomes: Remarkable drug
delivery potential. Drug Discovery Today 2016; 21: 789-
01.

Nanjwade BK, Hundekar YR, Kamble MS and Srichana T:
Development of cuboidal nanomedicine by nano-
technology. Austin J Nanomed Nanotechnol 2014; 2:
1023.

Garg G and Saraf S: Cubosomes: An overview. Boil
Pharm Bull 2007; 30(2): 350-3.

Urvi S, Dhiren D, Bhavin P, Patel U and Shah R:
Overview of cubosomes: A Nanoparticle. In J of Ph and
Integ Life Sci 2013; 1(5): 36-47.

Vinod KR, Sravya K, Sandhya S, Banji D, Anbazhagan S
and Prameela RA: Tailoring active compounds across
biological membranes by cubosomal technology: an
updated review. J Chine Pharm Sci 2013; 22: 303-11.
Daware SU and Saudagar RB: Formulation and
Development of Cubosome Loaded Emugel-A Review.
International Journal of Chem Tech Research: 2017; 10:
918-24.

Patta ACF, Mathews PD, Madrid RR, Rigoni VL, Silva
ER and Mertins, O: Polyionic complexes of chitosan-N-
arginine with alginate as pH responsive and mucoadhesive
particles for oral drug delivery applications. Int. J. Boil.
Macromol 2020; 148: 550-64.

Spicer PT, Small WB, Lynch ML and Burns JL: Dry
Powder Precursor of ‘Soft Cubic Liquid Crystalline
Nanoparticles (Cubosomes). Journal of Nanoparticles
Research 2002; 4: 297-11.

Boge L: Freeze-dried and re-hydrated liquid crystalline
nanoparticles stabilized with disaccharides for drug-
delivery of the plectasin derivative AP114 antimicrobial
peptide. J Colloid Interface Sci 2018; 522 126-35.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

LD Lozeau, MW Rolle and Camesano TAA: QCM-D
study of the concentration- and time-dependent
interactions of human LL37 with model mammalian lipid
bilayers, Colloids Surf B 2018; 167: 229-38.

Spicer PT, Small WB, Lynch ML and Burns JL: Dry
precursors of cubic liquid crystalline nanoparticles
(Cubosomes). Journal of Nanoparticle Research 2002; 4:
297-11.

Montis C, Castroflorio B, Mendossa M, Salvatore A, Berti
D and Baglioni P: Magneto cubosomes for the delivery
and controlled release of therapeutics. Journal of Colloid
and Interface Science 2015; 449: 317-26.

Garg G and Saraf S: Cubosomes: An Overview. Boil
Pharm Bull 2007; 30(2): 350-3.

Barauskas J and Landh T: Phase behavior of the
phytantriol/water system. Langmuir 2003; 19: 9562-5.
Rizwan S, Hanley T, Boyd B, Rades T and Hook S: Liquid
crystalline systems of phytantrioland glyceryl monooleate
containing a hydrophilic protein: characterization, swelling
and release kinetics. J Pharm Sci 2009; 98: 4191-204.
Boyd BJ, Whittaker DV, Khoo SM and Davey G:
Lyotropic liquid crystalline phases formed from glycerate
surfactants as sustained release drug delivery systems. Int J
Pharm 2006; 309: 218-26.

Sala M: Lipid nanocarriers as skin drug delivery systems:
properties, mechanisms of skin interactions and medical
applications. Int J Pharm 2018; 535(1): 1-17.

Gupta A, Landis RF and Rotello VM: Nanoparticle-based
antimicrobials: surface functionality is critical, F1000 Res
5 (2016) F1000 (Faculty Rev-364).

Barriga HMG, Ces O, Law RV, Seddon JM and Brooks
NJ: Engineering Swollen Cubosomes Using Cholesterol
and Anionic Lipids. Langmuir 2019; 35: 16521-27.

Thapa RK: Liquid crystalline nanoparticles encapsulating
cisplatin and docetaxel combination for targeted therapy of
breast cancer. Biomater Sci 2016; 4: 1340-50.

Leung SSW and Leal C: The stabilization of primitive
bicontinuous cubic phases with tunable swelling over a
wide composition range. Soft Matter 2019; 15: 1269-77.
Mansoori B, Mohammadi A, Davudian S, Shirjang S and
Baradaran B: The different mechanisms of cancer drug
resistance: a brief review. Adv Pharm Bull 2017; 7: 339-48
Sagalowicz L, Leser ME, Watzke HJ and Michel M:
Monoglyceride self-assembly structures as delivery
vehicles. Trends Food Sci Technol 2006; 17: 204-14.

Dong YD, Larson I, Hanley T and Boyd BJ: Bulk and
dispersed aqueous phase behavior of phytantriol: Effect of
vitamin E acetate and F127 polymer on liquid crystal
nanostructure. Langmuir 2006; 22: 9512-18.

Zhai J: Paclitaxel-loaded self-assembled lipid nano-
particles as targeted drug delivery systems for the
treatment of aggressive ovarian cancer. ACS Appl. Mater.
Interfaces 2018; 10: 25174-85.

Salentinig S, Yaghmur A, Guillot S and Glatter O:
Preparation of highly concentrated nanostructured
dispersions of controlled size. J Colloid InterfSci 2008;
306: 211-20.

Shah MH, Biradar SV and Paradkar AR: Spray dried
glyceryl monooleate-magnesium trisilicate dry powder as
cubic phase precursor. Int J Pharm 2006; 323: 18-26.

Bei D, Meng J and Youan BB: Engineering nanomedicines
for improved melanoma therapy: progress and promices.
Nanomedicine 2010; 5: 1385-99.

Urvi S, Dhiren D, Bhavin P, Patel U and Shah R:
Overview of Cubosomes: A Nano Particle. International
Journal of Pharmacy and Integrated Life Sciences 2013;
1(5): 36-47.

587



Tekade and Avhad, IJPSR, 2022; Vol. 13(2): 579-588.

70.

71.

72.

73.

74.

75.

Thadanki M: Overview of cubosomes: a nanoparticle, Int.
J Res Pharm and Chem 2011; 1: 535-41.

Bhosale RR, Osmani RA, Harekar BR and Ghodake PP:
The Inimitable Nanoparticulate Drug Carriers. Scholars
Academic Journal of Pharmacy 2013; 2(6): 481-86.

Saly S, Ehab RB and Sabry B: The design and evaluation
of novel encapsulation technique for topical application of
alpha lipoic acid. Journal of Advanced Pharmaceutical
Research 2013; 4(1): 13-22.

Wibroe PP, Azmi ID, Nilsson C, Yaghmur A and
Moghimi SM: Citrem modulates internal nanostructure of
glyceryl monooleate dispersions and bypasses complement
activation: towards development of safe tunable
intravenous lipid nanocarriers. Nanomedicine 2015; 11(8):
1909-14.

Thorat YS, Gonjari ID and Hosmani AH: Solubility
enhancement techniques: a review on conventional and
novel approaches. International Journal of Pharmaceutical
Sciences and Research 2011; 2(10): 2501.

Wu H, Li J, Zhang Q, Yan X, Guo L and Gao X: A novel
small Odorranalectin-bearing cubosomes: Preparation,

76.

77.

78.

79.

80.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

brain delivery and pharmacodynamic study on amyloid -
25-35-B treated rats following intranasal administration.
Eur J Pharm Biopharm 2012; 80: 368-78.

Thorat YS, Gonjari ID and Hosmani AH: Solubility
enhancement techniques: a review on conventional and
novel approaches. International Journal of Pharmaceutical
Sciences and Research 2011; 2(10): 2501.

Pitzalis P, Monduzzi M, Krog N, Larsson H, Ljusberg-
Lahren H and Nylander T: Characterization of the liquid-
crystalline phases in the glycerol monooleate/diglycerol
mono-oleate/water system, Langmuir 2000; 16, 6358-65.
Angelov B, Angelova A and Drechsler M: Identification of
large channels in PEGylated cubosome nanoparticles by
synchrotron radiation SAXS and Cryo-TEM imaging. Soft
Matter 2015; 11(18): 3686-92.

Thadanki M, Kumari PS and Prabha KS: Overview of
cubosomes: a nanoparticle. International Journal of
Research in Pharmacy and Chemistry 2011; 1(3): 535-41.
Bei D, Meng J and Youan BB: Engineering nanomedicines
for improved melanoma therapy: progress and promoses.
Nanomedicine 2010; 1385-99.

How to cite this article:

Tekade AR and Avhad GD: A review on cubosome: a novel approach for drug delivery. Int J Pharm Sci & Res 2022; 13(2): 579-588. doi:

10.13040/1JPSR.0975-8232.13(2).579-588.

All © 2022 are reserved by the International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

588



