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  Abstract 
    _______________________________________________________________________________________________________________ 

Cubosomes, also known as bicontinuous cubic phase lipid nanoparticles, have attracted 
significant attention as advanced drug delivery systems due to their unique structural and 
functional properties. Conventional drug delivery systems often face challenges such as poor 
solubility, low bioavailability, instability, and non-specific distribution, which limit therapeutic 
efficacy. Cubosomes overcome these limitations through their distinctive bicontinuous cubic 
architecture composed of lipid bilayers and interconnected aqueous channels, enabling the 
encapsulation of hydrophilic, lipophilic, and amphiphilic drugs within a single carrier system. 

This review provides a comprehensive overview of cubosomes, including their structure, 
composition, preparation techniques, characterization methods, and drug loading and release 
mechanisms. Preparation approaches such as top-down and bottom-up methods are discussed, 
along with key characterization parameters like particle size, zeta potential, morphology, and 
internal structure analysis. The controlled and sustained drug release from cubosomes, governed 
by diffusion and partition mechanisms, enhances therapeutic outcomes and reduces dosing 
frequency. 

Additionally, cubosomes demonstrate broad applications across various routes of administration, 
including oral, topical, ocular, transdermal, and parenteral delivery. Their emerging roles in gene 
delivery, vaccine delivery, and combination therapies further highlight their versatility. Despite 
certain challenges related to stability, scale-up, and production costs, ongoing advancements in 
formulation strategies and manufacturing technologies are expected to address these limitations. 
Overall, cubosomes represent a promising platform for next-generation drug delivery systems 
and personalized medicine. 

Keywords: Cubosomes, bicontinuous cubic phase, lipid nanoparticles, drug delivery systems, 
controlled release, bioavailability.  

 

1. Introduction 

The development of novel drug delivery systems has 
become a central focus in modern pharmaceutics due to 
the limitations associated with conventional dosage 
forms. Many therapeutic agents suffer from poor 
aqueous solubility, low bioavailability, instability in 
biological environments, and non-specific distribution, 
which significantly reduces their clinical effectiveness. 
To overcome these challenges, lipid-based nanocarriers 
have emerged as promising platforms for improving 
drug performance and therapeutic outcomes1. 

Among various lipid-based systems, such as vesicular 
and particulate carriers, Liposomes have been widely 
investigated; however, they often face stability issues, 
leakage of encapsulated drugs, and limited loading 
capacity. Similarly, solid lipid-based systems such as 

Solid Lipid Nanoparticles provide improved stability but 
are restricted by drug expulsion during storage and 
limited incorporation of hydrophilic drugs. 

In this context, bicontinuous cubic phase lipid 
nanoparticles, commonly known as cubosomes, have 
gained significant attention2. Cubosomes are 
nanostructured systems formed by the self-assembly of 
amphiphilic lipids in aqueous media, stabilized by 
suitable surfactants3. These systems exhibit a unique 
internal architecture that enables high drug loading, 
sustained release, and improved stability. 

Cubosomes are particularly attractive due to their ability 
to encapsulate hydrophilic, lipophilic, and amphiphilic 
drugs within a single carrier system. Their 
biocompatibility, versatility, and structural robustness 
make them a promising platform for advanced drug 
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delivery applications across various routes of 
administration4. 

2. Structure of Cubosomes 

Cubosomes possess a highly ordered bicontinuous cubic 

liquid crystalline structure, which is one of their most 

defining characteristics. This structure consists of a 

continuous lipid bilayer arranged in a periodic minimal 

surface, separating two interpenetrating but non-

connected aqueous channels5. This unique architecture 

allows simultaneous incorporation of both water-

soluble and lipid-soluble drugs. 

The internal structure belongs to the class of Liquid 

crystalline phase systems, which exhibit properties 

intermediate between solid crystals and liquid phases. 

The cubic phase is thermodynamically stable and highly 

organized, providing structural integrity and controlled 

diffusion pathways for drug release6. 

The large internal surface area and tortuous water 

channel network significantly enhance drug loading 

capacity and sustain release behavior. These structural 

features make cubosomes highly efficient nanocarriers 

for controlled and targeted drug delivery applications. 

 

Figure 1: Structure of cubosomes 

3. Composition of Cubosomes 

The composition of Cubosomes plays a crucial role in 

determining their structural organization, physical 

stability, and drug delivery performance. They are 

mainly composed of a lipid phase, stabilizers, and an 

aqueous phase, each contributing to the formation of the 

bicontinuous cubic structure and influencing drug 

encapsulation behavior7. 

3.1 Lipid Phase 

The lipid phase forms the fundamental structural 

framework of cubosomes. It consists of amphiphilic 

lipids that spontaneously self-assemble in the presence 

of water to form a highly ordered bicontinuous cubic 

phase. Commonly used lipids include Glyceryl 

monooleate and Phytantriol, which are well known for 

their ability to generate stable and thermodynamically 

favorable cubic mesophases upon hydration8. 

3.2 Stabilizers 

Stabilizers are essential to prevent aggregation and 

maintain the colloidal stability of cubosomal 

dispersions. Due to the high surface energy of 

cubosomes, surfactants such as Poloxamer 407, 

Poloxamer 188, and other Pluronic-based polymers are 

commonly used9. These stabilizers adsorb onto the 

particle surface and provide steric repulsion, ensuring 

uniform dispersion and long-term stability. 

3.3 Aqueous Phase 

The aqueous phase is responsible for the formation of 

the internal bicontinuous structure. Water molecules 

penetrate the lipid matrix, resulting in the development 

of interconnected aqueous channels separated by lipid 

bilayers. This unique architecture is a defining feature of 

cubosomes and enables efficient drug encapsulation and 

controlled release10. 

3.4 Drug Incorporation 

Cubosomes allow versatile drug incorporation based on 

physicochemical properties. Hydrophilic drugs are 

localized within the aqueous channels, lipophilic drugs 

are embedded within the lipid bilayer, and amphiphilic 

drugs are positioned at the lipid-water interface. This 

unique distribution capability makes cubosomes highly 

efficient carriers for a wide range of therapeutic 

agents11. 

 

Figure 2: Composition of cubosomes
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Table 1: Composition of Cubosomes and Functional Roles 

Component Examples Physicochemical Properties Functional Role 

Lipid Phase Glyceryl monooleate 
Amphiphilic, forms cubic 

mesophase 
Core structure formation, drug 

encapsulation 

    

 Phytantriol 
Chemically stable, non-

hydrolysable 
Provides structural stability 

Stabilizers Poloxamer 407 Non-ionic surfactant 
Prevents aggregation, steric 

stabilization 

 Poloxamer 188 Amphiphilic polymer Improves dispersion stability 

Aqueous Phase Purified water, buffers Hydration medium Forms internal water channels 

Additives Charged lipids, PEG Surface modifiers Enhances targeting and stability 

 

4. Preparation Methods of Cubosomes 

The preparation of Cubosomes is generally carried 

out using two major approaches: the top-down and 

bottom-up methods, both of which aim to generate 

stable nanosized dispersions from lipid-based cubic 

phases12. 

4.1 Top-Down Approach 

In the top-down approach, a preformed bulk cubic 

phase is mechanically fragmented into nanosized 

cubosomal particles using high-energy processes. 

Common techniques include high-pressure 

homogenization, probe sonication, and high-shear 

mixing. In this method, mechanical energy is applied 

to break down the bulk cubic gel into colloidal 

nanoparticles while preserving the internal 

bicontinuous cubic structure. The main advantages of 

this approach include ease of scale-up and 

reproducible control over particle size distribution. 

However, it requires high energy input and may lead 

to potential thermal degradation of temperature-

sensitive drug molecules1 

 

 

Figure 3: Preparation of cubosomes by the include high-pressure homogenization 
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4.2 Bottom-Up Approach 

In the bottom-up approach, cubosomes are formed 
through the spontaneous self-assembly of lipid 
molecules in aqueous media. Techniques such as 
solvent dilution, emulsification-diffusion, and 
controlled precipitation are commonly employed. The 
underlying principle involves the spontaneous 
organization of amphiphilic lipids into a cubic phase 
structure upon contact with water, which is 
subsequently stabilized using surfactants. This method 
offers advantages such as lower energy requirements 
and better control over nanostructure formation. 
However, it may involve challenges related to solvent 
removal and is generally less suitable for large-scale 
industrial production without further optimization14. 

 

Figure 4: Preparation of cubosomes by the solvent 
evaporation method

 

Table 2: Detailed Preparation Methods of Cubosomes 

Method Technique Process Description Advantages Limitations 

Top-Down 
High-pressure 

homogenization 

Bulk cubic phase broken under 

pressure 

Scalable, uniform 

size 

High energy, 

thermal stress 

 Probe sonication Ultrasonic waves reduce particle size Simple, fast Heat generation 

 High-shear mixing Mechanical shear reduces size Easy process Less precise control 

Bottom-Up Solvent dilution 
Lipids dissolve → precipitate into 

cubic phase 

Low energy, 

controlled assembly 

Solvent removal 

required 

 
Emulsification-

diffusion 

Emulsion formation followed by 

diffusion 
Good size control Complex process 

 
Controlled 

precipitation 

Lipid crystallization in aqueous 

medium 
Efficient formation 

Limited industrial 

use 

 

5. Characterization of Cubosomes 

The physicochemical characterization of Cubosomes is 

essential to confirm their structural integrity, colloidal 

stability, and suitability for drug delivery applications. A 

range of analytical techniques is employed to evaluate 

particle size, surface charge, morphology, internal 

structure, drug loading efficiency, release behavior, and 

stability profile15. 

5.1 Particle Size and Polydispersity Index (PDI) 

Particle size is a critical parameter that influences 

biodistribution, cellular uptake, and drug release 

behavior. It is commonly determined using Dynamic 

Light Scattering (DLS). An ideal cubosomal formulation 

typically exhibits a particle size in the range of 100-300 

nm, which is suitable for enhanced drug delivery 

applications. A low polydispersity index (PDI < 0.3) 

indicates a uniform particle size distribution, which is 

essential for formulation stability and reproducibility. 

Smaller particle sizes generally enhance bioavailability 

and tissue penetration16. 

5.2 Zeta Potential 

Zeta potential is used to assess the surface charge of 
cubosomal particles and predict their colloidal stability. 

High positive or negative zeta potential values indicate 
strong electrostatic repulsion between particles, thereby 
reducing aggregation. The magnitude of zeta potential is 
influenced by the type of lipid and surfactant used in the 
formulation and plays a key role in maintaining long-
term stability16. 

5.3 Morphological Analysis 

The morphological characteristics of cubosomes, 
including shape and surface features, are typically 
examined using electron microscopy techniques. 
Transmission Electron Microscopy is widely employed 
to confirm the nanosized structure and to visualize the 
characteristic cuboidal or spherical morphology 
depending on the formulation conditions. This 
technique also helps in verifying the integrity of the 
nanostructure17. 

5.4 Entrapment Efficiency 

Entrapment efficiency determines the percentage of 
drug successfully incorporated into the cubosomal 
system. High entrapment is typically achieved due to the 
presence of both aqueous channels and lipid bilayers 
within the structure. It depends on factors such as drug 
solubility, lipid composition, and preparation method. 
Entrapment efficiency is calculated using separation 
techniques followed by quantitative drug analysis18. 
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5.5 In Vitro Drug Release Studies 

In vitro drug release studies are performed using 
dialysis membrane diffusion or similar methods to 
evaluate the release profile of the drug from cubosomes. 
These systems generally exhibit a sustained and 
controlled release pattern due to the tortuous diffusion 
pathways within the cubic structure. The release 
behavior is strongly influenced by lipid composition and 
internal nanostructure, and it provides an indication of 
in vivo performance19. 

5.6 Stability Studies 

Stability studies are conducted under different 
environmental conditions such as temperature 
variations, pH changes, and long-term storage. The 
major challenges associated with cubosomal systems 
include aggregation, phase transitions, and structural 
rearrangements over time. The incorporation of 
appropriate stabilizers significantly improves the 
physical stability and shelf-life of the formulation20.  

 

Table 3: Advanced Characterization Techniques 

Parameter Technique Principle Information Obtained 
Particle Size Dynamic Light Scattering (DLS) Light scattering by particles Size distribution, PDI 

Surface Charge Zeta Potential Electrophoretic mobility Stability prediction 
Morphology Transmission Electron Microscopy Electron beam imaging Shape, size confirmation 

Thermal Behavior DSC Heat flow measurement Phase transition 
Chemical Interaction FTIR Infrared absorption Drug-lipid interaction 

 

6. Drug Loading and Release Mechanism 

The drug loading and release behavior of Cubosomes is 
primarily governed by their unique bicontinuous cubic 
nanostructure, which consists of interconnected 
aqueous channels separated by lipid bilayers. This dual-
domain architecture enables efficient encapsulation of a 
wide range of therapeutic agents and provides sustained 
and controlled drug release characteristics. 

6.1 Drug Loading Mechanism 

Cubosomes exhibit high drug loading capacity due to 
their internal nanostructure, which accommodates drug 
molecules based on their physicochemical properties 
and affinity toward lipid or aqueous domains21. 

6.1.1 Hydrophilic Drugs 

Hydrophilic drugs are primarily localized within the 
continuous aqueous channels of the cubic structure. 
They are entrapped through diffusion into the water-
filled domains and are particularly suitable for polar and 
water-soluble therapeutic agents22. 

6.1.2 Lipophilic Drugs 

Lipophilic drugs are incorporated into the lipid bilayer 
matrix of cubosomes, where they are stabilized through 
hydrophobic interactions. This makes cubosomes 
suitable for the delivery of poorly water-soluble drugs22. 

6.1.3 Amphiphilic Drugs 

Amphiphilic drugs are distributed at the lipid-water 
interface, where they interact with both hydrophilic and 
lipophilic regions. This dual interaction enhances drug 
stability and loading efficiency22. 

This structural versatility allows cubosomes to 
simultaneously encapsulate multiple drugs with 
different solubility profiles, making them highly 
adaptable drug delivery systems23. 

 

6.2 Drug Release Mechanism 

Drug release from cubosomes occurs in a controlled and 
sustained manner due to the complex and tortuous 
diffusion pathways within the cubic structure24. 

6.2.1 Diffusion-Controlled Release 

In this mechanism, drug molecules gradually diffuse 
through the aqueous channels or lipid bilayer depending 
on their localization within the cubosomal structure25. 

6.2.2 Partition-Controlled Release 

Drug release is also governed by partitioning between 
lipid and aqueous phases, where redistribution occurs 
based on the drug’s partition coefficient26. 

6.2.3 Matrix Erosion 

In certain formulations, gradual degradation or 
restructuring of the lipid matrix contributes to the 
overall drug release process27. 

6.3 Factors Affecting Drug Release 

Several formulation and environmental parameters 
influence the release behavior of cubosomal systems, 
including: 

• Lipid composition and internal phase behavior  
• Type and concentration of stabilizers  
• Drug-lipid interaction strength  
• Particle size and surface area  
• External conditions such as pH and temperature  

6.4 Release Kinetics 

Cubosomal drug delivery systems typically demonstrate 
sustained release profiles with reduced initial burst 
release compared to conventional dosage forms. 
Depending on the formulation, drug release may follow 
zero-order kinetics or Higuchi diffusion-controlled 
models, indicating predictable and controlled release 
behavior28. 
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6.5 Advantages in Drug Delivery 

The controlled loading and release characteristics of 
cubosomes provide several pharmaceutical benefits, 
including: 

• Improved bioavailability of poorly soluble drugs  
• Reduced dosing frequency  
• Enhanced therapeutic efficacy  
• Protection of drug molecules from degradation

 

Table 4: Drug Loading and Release Characteristics 

Drug Type Localization in Cubosome Interaction Mechanism Release Behavior 

Hydrophilic Aqueous channels Hydrogen bonding Diffusion-controlled 

Lipophilic Lipid bilayer Hydrophobic interaction Partition-controlled 

Amphiphilic Lipid-water interface Dual interaction Mixed release mechanism 

Macromolecules Internal matrix Physical entrapment Sustained release 

 

7. Therapeutic Applications 

The unique bicontinuous nanostructure of Cubosomes 

enables their application across multiple routes of 

administration and diverse therapeutic areas. Their 

ability to encapsulate hydrophilic, lipophilic, and 

amphiphilic drugs makes them highly versatile carriers 

in modern pharmaceutics29. 

7.1 Oral Drug Delivery 

Cubosomes are extensively investigated for oral delivery 

due to their ability to enhance the solubility and 

absorption of poorly water-soluble drugs. They improve 

dissolution rate, protect drugs from enzymatic 

degradation in the gastrointestinal tract, enhance 

intestinal permeability, and provide sustained release. 

These properties make cubosomes particularly useful 

for Biopharmaceutics Classification System (BCS) Class 

II and IV drugs, where bioavailability is a major 

limitation30. 

7.2 Topical and Dermal Delivery 

Cubosomes have significant potential in topical and 

dermal drug delivery owing to their bioadhesive nature 

and controlled release properties. They enhance skin 

penetration, increase drug retention within skin layers, 

and reduce systemic exposure. As a result, they are 

useful in the treatment of dermatological conditions 

such as inflammation, infections, and other skin 

disorders31. 

7.3 Ocular Drug Delivery 

Ocular drug delivery presents challenges due to rapid 
tear turnover and limited precorneal residence time. 

Cubosomes improve ocular drug retention by increasing 
corneal contact time, reducing dosing frequency, and 
enhancing drug absorption in the anterior segment of 
the eye, thereby improving therapeutic outcomes32. 

7.4 Parenteral and Targeted Delivery 

Cubosomes can also be utilized for parenteral 
administration to achieve systemic and targeted drug 
delivery. They are being explored for controlled systemic 
release, tumor targeting, and reduction of toxicity to 
healthy tissues. In oncology, cubosomal systems are 
under investigation for improved delivery of anticancer 
agents for the treatment of Cancer33. 

7.5 Vaccine and Biotherapeutic Delivery 

Cubosomes are emerging as promising carriers for 
proteins, peptides, and vaccine antigens due to their 
protective lipid environment. They enhance the stability 
of biological molecules, promote sustained antigen 
release, and improve immune response, making them 
suitable for advanced vaccine delivery systems34. 

7.6 Transdermal Delivery 

Cubosomes enhance drug permeation through the skin 
by interacting with stratum corneum lipids and 
facilitating diffusion across deeper skin layers. This 
improves systemic absorption of drugs administered via 
the transdermal route35. 

7.7 Emerging ApplicationsRecent advancements have 
expanded cubosome applications to: 

• Gene delivery systems  
• Co-delivery of multiple therapeutic agents  
• Combination therapy platforms  
• Nanotheranostic applications 

Table 5: Therapeutic Applications Across Routes 

Route Application Area Examples of Use Advantages 

Oral Poorly soluble drugs Antifungals, antivirals Enhanced bioavailability 

Topical Skin disorders Anti-inflammatory drugs Improved penetration 

Ocular Eye diseases Antibiotics Increased retention 

Parenteral Cancer therapy Anticancer drugs Targeted delivery 

Transdermal Systemic therapy Hormones Controlled release 
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8. Advantages and Limitations 

The development of Cubosomes as drug delivery 
systems offers several pharmaceutical advantages due 
to their unique bicontinuous cubic nanostructure. 
However, despite their promising potential, certain 
limitations still restrict their large-scale clinical and 
industrial translation36. 

8.1 Advantages 

Cubosomes provide several important benefits in drug 
delivery, including high drug loading capacity due to 
their dual aqueous-lipid architecture, controlled and 
sustained release behavior, and improved bioavailability 
of poorly soluble drugs. Their biocompatible lipid 
composition ensures safety and reduced toxicity, while 
their structural versatility allows delivery through 

multiple routes such as oral, topical, ocular, and 
parenteral administration. Additionally, cubosomes offer 
protection to labile drugs against chemical and 
enzymatic degradation, thereby enhancing therapeutic 
efficacy37. 

8.2 Limitations 

Despite their advantages, cubosomes face several 
challenges. These include physical instability during 
long-term storage, potential aggregation or phase 
transitions, and difficulties in large-scale manufacturing. 
The requirement of specialized preparation techniques 
and relatively high production costs further limits their 
commercial feasibility. In addition, formulation 
optimization is often complex due to sensitivity to lipid 
composition, surfactant concentration, and processing 
conditions38.

 

Table 6: Advantages vs Limitations of Cubosomes 

Aspect Advantages Limitations 

Drug Loading High (dual structure) Leakage possible 

Release Sustained, controlled Initial burst (rare) 

Stability Biocompatible Aggregation risk 

Manufacturing Scalable (top-down) Complex process 

Cost High therapeutic value Expensive raw materials 

Applications Multi-route delivery Limited commercialization 

 

9. Future Perspectives 

The future development of Cubosomes is highly 
promising, particularly in advancing novel drug delivery 
strategies. However, several aspects require further 
investigation to enable successful clinical and industrial 
translation. Future studies should focus on bridging the 
gap between laboratory research and clinical 
application by conducting extensive in vivo evaluations 
and well-designed clinical trials to establish safety, 
efficacy, and therapeutic relevance in humans39. 

Industrial-scale production of cubosomes remains a 
significant challenge. Therefore, future research should 
emphasize the development of cost-effective and 
scalable manufacturing techniques, along with 
improving reproducibility of cubic phase formation and 
ensuring process standardization for consistent product 
quality. In addition, the emergence of smart and stimuli-
responsive cubosomal systems offers exciting 
opportunities for targeted drug delivery. These systems, 
including pH-responsive, temperature-sensitive, and 
enzyme-triggered formulations, can enhance site-
specific drug release and improve therapeutic efficiency. 

Cubosomes also demonstrate strong potential in the 
delivery of biotherapeutics, including proteins, peptides, 
nucleic acids, and mRNA-based therapeutics, owing to 
their protective lipid environment and ability to 
facilitate intracellular delivery. Furthermore, future 

applications may involve combination therapy and 
personalized medicine approaches, where cubosomes 
can be used for the co-delivery of multiple drugs and 
tailored treatments for complex diseases40. 

From a regulatory and commercial perspective, there is 
a need to establish clear guidelines for lipid-based 
nanocarriers, improve quality control standards, and 
develop robust frameworks to support industrial 
commercialization. Overall, continued research and 
technological advancements are expected to overcome 
current limitations and expand the role of cubosomes in 
next-generation pharmaceutical formulations41. 

Results 

This review highlights that Cubosomes exhibit a highly 
organized bicontinuous cubic structure that significantly 
enhances drug loading and controlled release behavior. 
The dual aqueous-lipid architecture enables efficient 
encapsulation of hydrophilic, lipophilic, and amphiphilic 
drugs, making cubosomes versatile drug delivery 
carriers. 

Studies reviewed indicate that cubosomes improve the 
bioavailability of poorly water-soluble drugs, 
particularly those belonging to BCS Class II and IV, by 
enhancing solubilization and intestinal permeability. 
Characterization results demonstrate that optimized 
cubosomal formulations typically show nanoscale 
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particle size (100-300 nm), low polydispersity index, 
and adequate zeta potential, ensuring stability and 
uniformity. 

Drug release studies consistently reveal sustained and 
controlled release profiles, governed primarily by 
diffusion and partition mechanisms within the cubic 
structure. Furthermore, cubosomes show promising 
performance across multiple delivery routes, including 
oral, topical, ocular, and parenteral systems. 

Despite these advantages, limitations such as physical 
instability, scale-up challenges, and higher production 
costs remain significant barriers to commercialization. 
However, recent advancements in formulation strategies 
and manufacturing techniques are addressing these 
challenges. 

Overall, the findings confirm that cubosomes are highly 
promising nanocarriers with potential to improve 
therapeutic efficacy, reduce dosing frequency, and 
support future developments in targeted and 
personalized drug delivery systems. 

CONCLUSION 

Cubosomes represent a versatile and promising class of 
lipid-based nanocarriers characterized by a 
bicontinuous cubic internal architecture. Their ability to 
encapsulate hydrophilic, lipophilic, and amphiphilic 
therapeutic agents, combined with controlled and 
sustained release behavior, high surface area, and 
inherent biocompatibility, makes them attractive 
candidates for Advanced drug delivery applications 
across multiple routes of administration. 

Although challenges related to physical stability, large-
scale manufacturing, and production cost remain, 
ongoing advances in formulation design, stabilization 
strategies, and process optimization continue to address 
these limitations. With sustained research and 
technological innovation, cubosomes are expected to 
play an increasingly important role in next-generation 
drug delivery systems, including targeted therapies and 
personalized medicine. 
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