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Abstract

Cubosomes are nanostructured particles with a unique cubic internal architecture formed from amphiphilic lipids. This
abstract explores their formulation, which involves methods such as solvent evaporation, emulsification, & controlled
hydration. These techniques facilitate the self-assembly of lipids into stable cubic phases capable of encapsulating both
hydrophilic & hydrophobic substances. Key advantages include high biocompatibility, low toxicity, and the potential for
controlled release, making cubosomes ideal for drug delivery, cosmetics, and food applications. However, challenges such
as complex preparation, stability issues, and higher production costs must be addressed to fully harness their potential in
various fields.
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Introduction 221

Cubosomes represent a fascinating class of nanostructured particles with a unique cubic internal architecture, primarily
composed of amphiphilic lipids. These nanostructures have garnered significant attention in various scientific and
industrial fields due to their distinctive properties and versatile applications.

At their core, Cubosomes consist of lipid bilayers organized in a cubic phase, which gives them exceptional stability and
structural integrity. This cubic phase allows cubosomes to encapsulate both hydrophilic and hydrophobic substances within
their aqueous channels and lipid layers, making them ideal candidates for drug delivery systems. The ability to
accommodate a wide range of molecules, including proteins, peptides, drugs, and even genetic material, underscores their
utility in targeted and controlled release applications.

Moreover, Cubosomes exhibit biocompatibility, low toxicity, and the potential for sustained release kinetics, which are
crucial advantages in pharmaceutical formulations. Beyond medicine, cubosomes find applications in cosmetics, food
science, and nanotechnology, where their unique structure facilitates enhanced stability and bioavailability of active
compounds.

The preparation of cubosomes typically involves advanced techniques such as solvent evaporation, emulsification, or
controlled hydration methods, which ensure the formation of uniform nanostructures suitable for specific applications.
Characterization techniques like electron microscopy, dynamic light scattering, and X-ray diffraction are employed to
verify their size, shape, and internal structure.

As research continues to explore and optimize their properties, Cubosomes hold promise for revolutionizing drug delivery,
biomedical imaging, and other fields where precise and efficient transport of bioactive molecules occurs.
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Advantages of Cubosomes B4

1. High encapsulation efficiency: Can encapsulate both hydrophilic and hydrophobic substances.
2. Controlled release: Provide sustained and controlled release of active agents.

3. Biocompatibility: Made from biocompatible lipids, ensuring safety for medical use.

4. Stability: Exhibit high physical and chemical stability.

5. Large surface area: Enhances interaction with biological membranes and drug loading capacity.

Disadvantages of Cubosomes

1. Complex preparation: Requires advanced techniques and precise control.

2. Stability issues: Susceptible to aggregation and instability under certain conditions.
3. Cost: Production costs can be higher compared to conventional formulations.

4. Limited scale-up: Challenges in scaling production to industrial levels.

Structure of Cubosomes 6]
Internal Structure

1. Bicontinuous cubic phase: It consists of a continuous, interpenetrating network of lipid bilayers and water
channels. This structure forms a three-dimensional periodic arrangement, providing a large surface area and high
stability.

2. Lipid bilayers: The lipid molecules (e.g., glyceryl monooleate or phytantriol) self-assemble into bilayers. These
bilayers are arranged in a cubic lattice, creating the internal cubic structure.

3. Water channels: Interspersed between the lipid bilayers are aqueous channels. These channels can encapsulate
hydrophilic substances, while the lipid bilayers can incorporate hydrophobic substances.

External Structure

1. Nanoparticle form: Cubosomes are typically in the form of nanoparticles with sizes ranging from 100 to 500
nanometers. Their external appearance can vary depending on the preparation method but generally appear as
spherical particles under microscopic examination.

2. Surface stabilization: To maintain stability and prevent aggregation, Cubosomes are often stabilized with
surfactants like Pluronic F127.The surfactant molecules form a steric barrier around the Cubosomes, enhancing
their dispersion stability in aqueous environments.

Composition of Cubosomes

1. Lipids
Glyceryl monooleate (GMO): A commonly used lipid that self-assembles into cubic phases.
Phytantriol: Another lipid that can form stable cubic structures.
Other Lipids: Sometimes, additional lipids like phospholipids or cholesterol may be included to modify the properties of
the cubosomes.

2. Surfactants
Poloxamers (e.g., Pluronic F127): These are often used to stabilize the cubosome dispersion and prevent aggregation.
Other surfactants: Other surfactants like Tween or Span may be used depending on the formulation requirements.

3. Solvents (optional)
Ethanol, chloroform, or acetone: Organic solvents are sometimes used to dissolve lipids before forming Cubosomes,
particularly in methods like solvent evaporation.
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Water: Typically, deionized or distilled water is used as the continuous phase for hydration and dispersion of
lipids.

Additional components (optional): Active Agents like Drugs, peptides, proteins, vitamins, or other bioactive
compounds intended for delivery. And additives like Stabilizers, preservatives, or other agents to enhance the
stability or functionality of the cubosomes.

These components work together to create the unique nanostructured cubic phase of cubosomes, which can encapsulate
and deliver various substances efficiently.

Properties of Cubosomes
Cubosomes possess a variety of distinctive properties that make them highly suitable for numerous applications,
particularly in drug delivery, cosmetics, and food science.

1.

2.

3.

S

Nanostructured cubic phase: Cubosomes have a highly ordered cubic internal structure, providing stability and
large surface area for encapsulation.

Encapsulation versatility: Capable of incorporating both hydrophilic and hydrophobic substances due to their
unique internal structure.

Biocompatibility: Composed of biocompatible lipids, making them suitable for medical and pharmaceutical
applications.

Low toxicity: Generally, exhibit low toxicity, enhancing their safety profile for use in various applications.
Controlled release: Provide sustained and controlled release of encapsulated agents, beneficial for therapeutic
delivery.

Stability: High physical stability due to their cubic phase, though this can be influenced by external conditions like
pH and temperature.

Large surface area: Their nanostructured nature offers a large surface area, facilitating efficient drug loading and
interaction with biological membranes.

High dispersion stability: When stabilized with surfactants like Pluronic F127, cubosomes maintain their dispersion
stability, preventing aggregation.

Factors influencing Cubosomes ["]

1. Lipid composition: The type and ratio of lipids used (e.g., GMO, phytantriol) affect the stability, cubic phase
formation, and loading capacity of cubosomes.

2. Surfactants and stabilizers: Choice and concentration of surfactants (e.g., Pluronic F127) impact the stability,
dispersibility, and surface characteristics of cubosomes.

3. Preparation method: Different methods (e.g., solvent evaporation, emulsification, controlled hydration) influence
the size distribution, internal structure, and encapsulation efficiency of Cubosomes.

4. Hydration conditions: Factors such as hydration temperature, rate, and pH during cubosome formation can affect
the size, morphology, and stability of the nanostructures.

5. Processing conditions: Parameters like mixing speed, homogenization pressure, and duration during preparation
impact the uniformity and physical properties of cubosomes.

6. Storage conditions: Temperature, light exposure, humidity, and container material affect the stability and shelf-life
of Cubosomes, influencing their structural integrity and performance over time.

7. Particle size and distribution: Size and polydispersity of cubosomes determine their biological interactions,
circulation time, and efficacy in drug delivery or other applications.

8. Surface modification: Functionalization with targeting ligands, PEGylation, or other modifications alter the surface
properties, biodistribution, and targeting ability of Cubosomes.

9. pHand ionic strength: Changes in pH or ionic strength of the medium can influence the stability and phase behavior
of cubosomes, affecting their structural integrity and performance.

10. Compatibility with encapsulated agents: Interaction between cubosome components and encapsulated drugs,
proteins, or other active agents can affect encapsulation efficiency, release kinetics, and bioactivity.
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Types of Cubosomes
Cubosomes can exist in various forms depending on their structure, size, and application. Here are the different forms of

cubosomes:

1. Nano-sized cubosomes: Typically have sizes ranging from 100 to 500 nanometers. Ideal for applications requiring
enhanced cellular uptake and efficient drug delivery, such as in nanomedicine.

2. Micro-sized cubosomes: Larger particles with sizes above 500 nanometers. Used when larger payloads or slower
release kinetics are desired, suitable for certain drug delivery or food science applications.

3. Bicontinuous cubic phase cubosomes: Feature a bi-continuous cubic phase structure consisting of interconnected
lipid bilayers and aqueous channels. Provide high stability and efficient encapsulation of both hydrophilic and
hydrophobic substances.

4. Hexagonal phase cubosomes: Less common than cubic phase cubosomes. Formed under specific conditions where
lipid molecules arrange in a hexagonal lattice instead of a cubic structure. Used in specialized applications where
the hexagonal phase offers unique advantages.

5. Multilamellar cubosomes: Consist of multiple concentric lipid bilayers, resembling multilamellar vesicles (MLVs).
Each lamella may exhibit a cubic phase, providing a higher surface area for encapsulation compared to single
bilayer cubosomes.

6. Surface-modified cubosomes: Cubosomes with modified surfaces, often functionalized with polymers, ligands, or
antibodies for targeted delivery. Enhances specific interactions with target cells or tissues, improving therapeutic
efficacy and reducing off-target effects.

7. Hybrid cubosomes: Combinations of cubosomes with other nanostructures or materials, such as liposomes or
nanoparticles. Designed to incorporate synergistic properties from different structures, enhancing stability or
functionality for specific applications.

8. Drug-loaded cubosomes: Cubosomes specifically loaded with pharmaceutical drugs, peptides, or genetic material.
Engineered to provide controlled release and targeted delivery of therapeutic agents, crucial for medical
applications.

9. Cosmetic cubosomes: Designed for skincare products to deliver active ingredients like antioxidants, moisturizers,
or anti-aging compounds. Enhance skin penetration and efficacy compared to conventional formulations.

10. Food grade cubosomes: Cubosomes formulated with lipids and stabilizers approved for food applications. Used to

encapsulate flavors, nutrients, or bioactive compounds in the food industry to improve stability and delivery
efficiency.

Drug Release Mechanisms
Drug release from Cubosomes is influenced by various factors related to their structure, composition, and the surrounding
environment. Here’s an overview of the drug release mechanisms.

1.

2.

3.

4.

Diffusion: Small molecules or drugs diffuse through the lipid bilayers or aqueous channels of Cubosomes.
Diffusion is influenced by the lipid composition, structure of the cubic phase, and size of the drug molecule.
Desorption: Weakly bound drugs may desorb from the cubosome surface or lipid bilayers over time. Desorption
kinetics depend on the affinity of the drug for the lipid interface and the surrounding medium.
Disintegration/Dissolution: Cubosomes can undergo structural changes or disintegration over time, releasing
encapsulated drugs as the cubic phase breaks down. Disintegration can be influenced by pH changes, enzymatic
activity, or temperature variations.

Triggered release: External stimuli such as pH, temperature, light, or magnetic fields can trigger drug release from
cubosomes. Responsive cubosomes can be engineered to respond to specific environmental cues for controlled
release.

Method of preparation !

1. Top-down technique: This method involves breaking down a preformed bulk cubic phase into nanometer-sized
particles. Initially, lipids such as monoolein are mixed with a stabilizer, like Pluronic F127, and water to create a viscous
cubic phase. This bulk cubic phase is then subjected to high-energy mechanical processes, such as sonication or high-

IJ]NRD2407443

International Journal Of Novel Research And Development (www.ijnrd.org) f450



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 7 July 2024| ISSN: 2456-4184 | [INRD.ORG

pressure homogenization, which apply intense shear forces to fragment the cubic phase into smaller cubosomes. The
resulting dispersion is typically filtered to remove any larger aggregates, yielding a stable suspension of cubosomes. The
size and uniformity of the cubosomes can be controlled by adjusting parameters such as the energy input, duration of
homogenization, and the concentration of stabilizers used. This method is widely used due to its ability to produce
cubosomes with well-defined structures suitable for various applications in drug delivery and nanotechnology.

2. Bottom-up approach: The technique involves the self-assembly of lipids from molecular solutions. Here, lipids such
as monoolein are first dissolved in an organic solvent, along with a stabilizer like Pluronic F127. This lipid-stabilizer
solution is then gradually added to an aqueous phase under controlled conditions. As the organic solvent is removed
through evaporation or dialysis, the lipids spontaneously self-assemble into cubosomes due to the amphiphilic nature of
the lipids and the presence of water. This process allows for precise control over the size and structure of the cubosomes
by adjusting parameters such as lipid concentration, solvent removal rate, and temperature. The bottom-up approach is
advantageous for its ability to produce highly uniform cubosomes with minimal energy input, making it suitable for
applications in drug delivery, cosmetics, and nanotechnology.

3. Solvent evaporation method: It is a bottom-up technique that relies on the gradual removal of the solvent to induce
the self-assembly of lipids into cubosomes. In this method, lipids such as monoolein and a stabilizer like Pluronic F127
are dissolved in a volatile organic solvent, typically chloroform or ethanol. This lipid solution is then added to an aqueous
phase with constant stirring to form a coarse emulsion. The organic solvent is slowly evaporated under reduced pressure
using a rotary evaporator or by gentle heating and stirring, allowing the lipids to self-assemble into nanostructured
cubosomes. After complete solvent removal, the resulting dispersion is often subjected to mild sonication or
homogenization to ensure uniformity and to break up any larger aggregates. The final product is a stable colloidal
suspension of cubosomes with well-defined size and structure, suitable for various biomedical and industrial applications.

4. Emulsification method: It is a top-down approach that involves creating an emulsion to facilitate the formation of
cubosomes. Initially, lipids such as monoolein are mixed with a stabilizer like Pluronic F127 and an aqueous phase to form
a coarse emulsion. This mixture is then subjected to high-energy mechanical processes such as high-pressure
homogenization or ultrasonication. These processes apply intense shear forces that break down the lipid droplets and
facilitate the formation of cubosome nanoparticles. The resulting emulsion is typically passed through a homogenizer
multiple times to ensure uniform particle size and dispersion. Finally, the emulsion is filtered to remove any remaining
large aggregates, resulting in a stable colloidal suspension of cubosomes. The emulsification method is advantageous for
its ability to produce cubosomes with controlled size and high stability, making it suitable for applications in drug delivery,
cosmetics, and food science.

Storage conditions for Cubosomes [

1. Temperature: Store cubosomes at a controlled temperature, typically, between 2-8°C (refrigerated conditions) to
prevent degradation and maintain structural integrity.

2. Protection from light: Keep cubosome dispersions in dark or opaque containers to protect them from light-induced
degradation, especially if they contain light-sensitive ingredients.

3. Humidity control: Store in a dry environment to avoid hydrolysis and other moisture-induced degradation
processes.

4. pH stability: Ensure that the storage medium has a stable pH, as drastic changes in pH can destabilize the cubosomal
structure.

5. Sterility: For pharmaceutical and biomedical applications, maintain sterility to prevent microbial contamination.
This often involves using sterilized containers and possibly adding preservatives if compatible with the formulation.

6. Container material: Use appropriate container materials, such as glass or specific types of plastic, that do not
interact with the cubosome formulation.

7. Avoidance of freeze-thaw cycles: Prevent repeated freeze-thaw cycles as they can lead to aggregation and structural
breakdown of the Cubosomes.

8. Stabilizers: Incorporate stabilizers, like Pluronic F127 or other suitable surfactants to enhance the dispersion
stability during storage.
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Applications of Cubosomes

1.

10.

11.

Controlled release: Cubosomes are capable of delivering drugs in a controlled and sustained manner. Their
internal cubic structure provides a large surface area and multiple compartments, facilitating the encapsulation of
both hydrophilic and hydrophobic drugs. This ensures a stable release profile, reducing the frequency of dosing
and improving patient compliance.

Enhanced solubility: Cubosomes can encapsulate poorly soluble drugs, enhancing their solubility and
bioavailability. This is particularly beneficial for drugs that are hydrophobic and face challenges in conventional
delivery systems.

Wound healing: Cubosomes can be used to deliver growth factors, antimicrobial agents, and other therapeutic
compounds to promote wound healing. Their controlled release properties ensure a sustained therapeutic effect at
the wound site.

Hormone delivery: Cubosomes can encapsulate hormones for controlled release applications, such as in hormone
replacement therapy. This ensures a steady supply of hormones, improving treatment outcomes and patient
compliance.

Agricultural applications: Cubosomes can be used to deliver pesticides, herbicides, and fertilizers in a controlled
manner, reducing the environmental impact and enhancing the efficiency of agricultural inputs.

Veterinary medicine: Cubosomes can be utilized in veterinary medicine for the controlled delivery of drugs to
animals, improving treatment efficacy and reducing the frequency of dosing.

Oral drug delivery: Cubosomes can enhance the oral bioavailability of drugs that are poorly soluble or unstable
in the gastrointestinal tract. Their ability to protect encapsulated drugs from the acidic environment of the stomach
and enzymes in the intestines improves the efficiency of drug absorption.

Ocular drug delivery: Cubosomes can be used to deliver drugs to the eye, providing sustained release and
improved penetration of therapeutic agents through the corneal barrier. This is particularly useful for treating
conditions such as glaucoma, dry eye syndrome, and ocular infections.

Antifungal delivery: Cubosomes can encapsulate antifungal agents and deliver them to infection sites with high
efficacy. This application is particularly useful in treating fungal infections of the skin, nails, and mucous
membranes.

Protein and peptide delivery: Cubosomes can stabilize and protect proteins and peptides, which are often
sensitive to degradation. This makes them suitable for delivering biologics, including insulin for diabetes
management and growth factors for regenerative medicine.

RNA interference (RNAI): Cubosomes can deliver small interfering RNA (siRNA) and microRNA (miRNA) for
gene silencing applications. This approach has potential therapeutic applications in treating genetic disorders,
cancers, and viral infections.

Cubosomes future challenges

Addressing the challenges through collaborative research efforts will be key to advancing the field of cubosome technology
and unlocking its full potential. Cubosomes, as promising nanostructured lipid carriers, face several future challenges and
directions for development. Key challenges include optimizing large-scale production techniques to ensure consistency
and cost-effectiveness, enhancing stability in biological environments, and improving targeting capabilities for specific
drug delivery applications. Future directions involve integrating advanced targeting ligands, exploring their potential in
gene and vaccine delivery, and leveraging their unique properties for theranostic applications, combining therapy and
diagnostics for more effective treatments.
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