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ABSTRACT  

Cubosomes are extremely stable nanoparticles with 

honeycomb-like or cavernous features. Some amphiphilic lipids 

are used to create cubosomes, which are then stabilized by a 

polymer. Bicontinuous cubic phase liquid crystals are what they 

are called. The two continuous but not intersecting watery 

zones that are separated by a lipid bilayer are referred to be 

bicontinuous. Cubosomes are liquid crystalline particles that 

self-assemble and have a specified water-to-surfactant ratio. 

Cubosomes that self-assemble function as active medication 

delivery systems. They exhibit solid-like rheology. Cubosomes 

have a stable thermodynamic state, and the dispersions they 

form are both biocompatible and bioadhesive. Cubosomes can 

be administered orally, topically, mucosally, intravenously, or 

transdermally for the treatment of skin, hair, or other body 

tissues. Cubosomes have the ability to encapsulate both 

hydrophilic and hydrophobic molecules. Nevertheless, several 

researchers have been pointing out cubosomes' potential as 

delivery mechanisms. They have various drug-loading 

techniques and large interior surfaces. Cubosomes also have the 

ability to target and release bioactive substances under 

controlled conditions. They can be used as biosensors, artificial 

cells, membrane bioreactors, and other things as well. They are 

made using an easy process. Cubosomes have more breaking 

resistance compared to liposomes. The advanced cubosome 

preparation techniques are reviewed and discussed in this 

article. 
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INTRODUCTION:  

In order to establish an effective medication concentration, the drug delivery system delivers 

the therapeutic agents in a site of action at a specific pace. The therapeutic advantage is 

promoted while the negative effects are minimized using a controlled drug release 

formulation. Through sustained medication release, which aids in improving patient 

compliance, a reduction in the frequency of doses can be accomplished.1-3 When a drug is 

enclosed within a vesicle as part of a vesicular drug delivery system, the vesicle acts as a 

carrier. By doing this, conventional medications can be targeted with drugs and have their 

release prolonged or controlled. A large variety of vesicular drug delivery systems were 

identified in 1980, and the cubosome is one of its component elements.4-5  

Scientist Larsson came up with the word "Cubosomes" to describe the cubic molecular 

crystals that are comparable to liposomes.6 Cubosomes are discrete, submicron-sized, 

bicontinuous, liquid crystalline particles with solid-like rheology that are composed of certain 

surfactants and water in the right proportions.7-8 The bulk cubic phases exhibit increased 

viscosity in contrast to cubosomal dispersion.9-12 Due to a spectrum of surfactant insolubility, 

the majority of concentrated surfactants that form cubic liquid crystals lose the phase micelle 

formation in higher dilutions. The formation of cubosomes involves the employment of a 

polymer surfactant as a high-energy dispersion of cubic phase with extra water and colloidal 

stability. Cubosomes are also created via the emulsification method. It is also known as a 

nanoparticle disperse system and is distinguished by greater biocompatibility and 

bioadhesivity. 13-15 The main components required for cubosome production are polymer 

molecules, surfactants, and lipids with amphiphilic properties. The cubic liquid phase is split 

in two by the surfactant bilayer. Cubosomes are therefore solid-like liquid crystal solids that 

have cubic crystallographic symmetry, are extremely viscous, and have isotropic optical 

properties. They are also bicontinuous cubic phases.6-16 Cubosomes play a significant role in 

the creation of nano-drugs.6 

Properties:17 

• Drug compounds that are hydrophilic, hydrophobic, or amphiphilic can all be contained 

within cubosomes. 

• These have biocompatibility and bioadhesivity qualities. 
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• In extra water, bicontinuous cubic liquid crystalline phases known as cubosomes are 

stable. 

• They possess properties of prolonged drug release. 

• With these cuboidal structures, the bioavailability range of peptides that are water soluble 

would be increased 20–100 times. 

• Cubosomes are a great carrier for preventing enzymatic deterioration of delicate 

medication. 

• Cubosomes display a significant drug carrier capacity for medicines that are sporadically 

soluble. 

• If you compare these to lipid or non-lipid carriers, they are good solubilizers. 

Advantages: 18 

• Cubosome preparation is rather easy. 

• Both hydrophilic and hydrophobic as well as amphiphilic compounds can be encapsulated 

by them. 

• Cubosomes have characteristics that make them both biocompatible and bioadhesive. 

• Comparatively speaking to traditional lipids or non-lipid carriers, cubosomes are good 

solubilizers. 

• Cubosomes can be used to treat a variety of promising drugs that have low aqueous 

solubility, poor absorption, and high molecular sizes. 

• High internal surface area and cubic crystalline formations make it possible to achieve 

high drug payloads. 

• Cubosome particles are employed in cosmetics as stabilizers and pollution absorbents for 

oil-in-water emulsions. 

• Due to the relative insolubility of cubic phase-forming lipids in water, cubosomes remain 

stable at most any dilution level, unlike the majority of liquid crystalline systems, which 

change into micelles at higher levels of dilution. Therefore, cubosomes can be easily added to 

product compositions. 
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• Cubosomes' fragmented and scattered cubic phase produces particle dispersions that are 

more thermodynamically and/or colloidally stable over time. 

• Proteins and peptides, which are sensitive medications, can be shielded from enzymatic 

and in-vivo breakdown by cubosomes. 

• Low cost of raw materials. 

• Reduces the chance of drug abuse and misapplication while increasing effectiveness. 

• The bioavailability of peptides that are water-soluble is increased 20–100 times by the 

cuboidal system. 

• Convenience and compliance are increased by cubosomes. 

Disadvantages:18-21 

• Due to the cubosomes' high water content, water-soluble medicines are only minimally 

trapped inside of them. 

• Due to their high viscosity, cubosomes are challenging to produce. 

• Due to drug loss from preparation during transportation, preservation, and ineffective 

drug loading, it only has a restricted number of applications. 

• Cubosomes' main issue, their stability, operates as a barrier to their utilization by causing 

low drug loading efficiency and drug leakage throughout synthesis, preservation, and 

transport in vivo. 

• It can be challenging to produce these materials on a big scale because of their high 

viscosity. 

• The lattice structure of the bicontinuous liquid crystalline phase can be damaged by 

medications, and some large drugs cannot enter the channels. 

Structure of Cubosome: 

The preparation of the cubosomes is simple and consists of three essential components such 

as amphiphilic lipids, stabilizer, and water. 
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Amphiphilic Lipids: 

Phytantriol and glyceryl mono-oleate both are amphiphilic lipids used for Cubosomes 

preparation. The two amphiphilic lipids that are most frequently employed in the production 

of cubosomes are GMO and phytantriol. GMO is a man-made substance that is made up of a 

combination of glycerides of oleic acid and other fatty acids. Monooleate, a member of the 

class of amphiphilic lipids with the capacity to form a variety of lyotropic liquid crystals, 

makes up the majority of these fatty acids. GMOs have both hydrophilic and hydrophobic 

properties at the same time because they contain hydroxyl groups in the head region that can 

form H-bonds with water in an aqueous solution and hydrocarbon chains in the tail. 

According to Lutton's findings, monoglycerides with hydrocarbon chains between 12 and 22 

have a strong propensity to crystallize in cubic phases. PHYT, a compound with a phytanyl 

chain, exhibits phase behavior when the water content rises. PHYT, 3, 7, 11, 15- tetramethyl-

1, 2, 3-hexadecanetriol is a frequently found component in cosmetic products. Given that 

PHYT offers good structural stability, it is proposed as an excellent substitute for GMO in the 

manufacture of cubosomes. While the two substances' characteristics and molecular 

compositions are different, X-ray diffraction analysis has shown that they behave in phases 

that are comparable when the water content and temperature are increased. At room 

temperature, reversed micellar, lamellar, Q230, and Q224 phases appear in that order as the 

water concentration is increased. When the temperature is raised to 44 C, the cubic phase 

transforms into a hexagonal structure.22-23 PHYT Cubosomes are in equilibrium with water, 

which is a prerequisite for Cubosome production. Additionally, liquid crystalline matrices 

based on PHYT make excellent sustained drug delivery systems.24-25 

Stabilizers:  

For cubosomes to have colloidal stability, surfactant is crucial. There are numerous active 

projects to introduce and use in cubosome preparation. The most common surfactant utilized 

in the manufacture of cubosomes is poloxamer 407 (P407), a PEO99-PPO67-PEO99tri-block 

copolymer. Both PPO sections and PEO chains make up the P407, with PPO portions being 

found either on the cubosomes' surface or inside the bilayer structure, and PEO chains being 

exposed to the water around them. P407 is applied up to a concentration of 20% w/w 

depending on the dispersed phase, and depending on the weight of the dispersion, the 

monoglyceride-polymer mixture is typically in the concentration range between 2.5 and 10% 
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(w/w) When it comes to PHYT cubic phase, P407 is adsorbed onto the surface, however 

when it comes to GMO cubic phase, it is incorporated into the liquid crystalline structures.28  

Structure of Cubosome: 

 

Fig: 1 

Types of cubosomes  

The following are the types of cubosomes. 

Liquid cubosome precursors: 

Hydrotrope dilution is a method that produces smaller, more stable cubosomes. Particles can 

form during the nucleation process and expand through the crystallization and precipitation 

processes. The monoolein dissolves correctly in a hydrotrope like ethanol. Therefore, diluted 

mixtures can spontaneously crystallize or cumbersome precipitation can occur quickly. The 

quid precursor procedure, which avoids handling bulk solids, is the most straightforward 

method of cubosome preparation.29-30 

Powdered cubosome precursor: 

Powdered cubosome precursors, the second type of cubosome, are made using dehydrated 

surfactants that have been polymer-coated. The hydration of precursor powders results in 

cubosomes with a mean particle size of 600 nm, which is verified by Cryo-TEM and the light 

scattering method. Cubosome lipids have a waxy consistency and are glumpy. In order to 

manage the particle size of cubosomes due to minimal agglomeration, these waxy and sticky 

lipids are coated with water-soluble starch. Spray drying is an effective approach for this.31 
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Method of preparation of cubosomes: 

Based on their microscopic shapes, cubic phases are often divided into three types, such as 

particle dispersion, precursor, and bulk gel. When the precursor form comes into contact with 

liquid, it either becomes liquid or solid and forms a cubic phase. The later phase, known as 

the bulk form, is a rigid gel with solid-like cubosomes that are evenly dispersed throughout 

the water. There are several methods for the preparation of cubosomes such as solvent 

evaporation, shearing, homogenization, dispersion of bulk phase using sonication, 

mechanical stirring, and incorporation of hydrotropes via dilution method. Cubosome 

nanoparticles are created using two different techniques: bottom-up and top-down. To avoid 

aggregation in both methods, P407 is required as a colloidal stabilizer.32-43 

1. Top-Down technique  

2. Bottom Dowm technique 

3. High Shear Homogenization technique 

Evaluation Of Cubosomes: 

1. Particle size 

2. Zeta Potential 

3. Entrapment Efficiency 

CONCLUSION: 

Cubosomes are liquid crystalline nanoparticle structures that self-assemble. Due to 

advantages like a larger surface area and a method of preparation that is straightforward, 

bioadhesive, biocompatible, and flexible enough to incorporate hydrophobic, amphiphilic, or 

hydrophilic drugs in drug delivery as a carrier system over other types of nanoparticles, their 

interest in the pharmaceutical industry is continuously rising. This technique is new with a 

high output and a wide research scope for the creation of novel formulations or dosage forms 

with industrial and commercial viability. 

REFERENCES: 

1. Rarokar NR, Khedekar PB. Cubosomes. A Vehicle for Delivery of Various Therapeutic Agents. MOJ 

Toxicol, 2018; 4: 19‒21. 

2. Shah JC, Sadhale Y, Chilukuri DM. Cubic Phase Gels as Drug Delivery Systems. Advanced Drug Delivery 

Reviews, 2001: 47: 229-250. 



ijppr.humanjournals.com 

Citation: Aniruddha A. Patil et al. Ijppr.Human, 2023; Vol. 28 (1): 211-219. 218 

3. Drummond CJ, Fong C. Surfactant Self Assembly Objects as Novel Drug Delivery Vehicles. Current 

Opinion Colloid Interface Science, 2000; 4: 449-456. 

4. Sen R, Gupta R, Singh S, Mantry S, Das S. A Review on Cubosome and Virosome: The Novel Drug 

Delivery System. UJPSR, 2017; 3: 24-33. 

5. Varde NM, Mehta NK, Thakor NM, Shah VA, Upadhyay UM. Phytosomes. A Potential Phospholipid 

Nanoparticulate Carrier. Pharmacie Globale (IJCP), 2012; 10: 1-7. 

6. Tilekar KB, Khade PH, Shitole MH, Jograna MB, Patil RY. Cancer Oriented Cubosomes -A Review. 

International Journal for Pharmaceutical Research Scholars (IJPRS), 2014; 3: 198-210. 

7. Bhosale RR, Osmani RA, Harkare BR, Ghodake PP. Cubosomes. The Inimitable Nanoparticulate Drug 

Carriers. Scholars Academic Journal of Pharmacy, 2013; 2: 481-6. 

8. Anbarasan B, Grace XF, Shanmuganathan S. An Overview of Cubosomes-Smart Drug Delivery System. Sri 

Ramachandra Journal of Medicine, 2015; 8: 1-4. 

9. Almeida JD, Brand CM, Edwards DC, Health TD. Formation of Virosomes from Influenza Submits and 

Liposomes. Lancet, 1975; 306: 899-901. 

10. Spicer PT, Lynch ML, Visscher M, Hoath S. Bicontinuous Cubic Liquid Crystalline Phase and Cubosome 

Personal Care Delivery Systems. Personal Care Delivery Systems and Formulations, 2003. 

11. Daware SU, Saudagar RB. Formulation and Development of Cubosome Loaded EmulgelA Review. 

International Journal of Chem Tech Research, 2017; 10: 918-924. 

12. Tilekar K, Khade P, Kakade S, Kotwal S, Patil RY. Cubosomes - A Drug Delivery System. International 

Journal of Pharmaceutical, Chemical and Biological Sciences, 2014; 4: 812-824. 

13. Hundekar Y, Saboji JK, Patil SM, Nanjwade BK. Preparation and Evaluation of Diclofenac Sodium 

Cubosome for Percutaneous Administration. World Journal of Pharmacy and Pharmaceutical Sciences, 2014; 3: 

523-539. 

14. Jain A, Chauhan JS, Budhwani AK. Cubosome: A Novel Approach for Nanotechnology. 2011; 2: 19-21. 

15. Norlén L, Al-Amoudi A. Stratum Corneum Keratin Structure, Function, and Formation: The Cubic Rod-

Packing and Membrane Templating Model. Journal of Investigative Dermatology, 2004; 123: 715-32. 

16. Esposito E, Cortesi R, Drechsler M, Paccamiccio L, Mariani P, Contado C, Stellin E, Menegatti E, Bonina 

F, Puglia C. Cubosome Dispersions as Delivery Systems for Percutaneous Administration of Indomethacin. 

Pharmaceutical Research, 2005; 22: 2163-73. 

17. Antony LP, Seevaka K. Advancement of Cubosomes Nanomedicine. Int J of Pure and Applied Mathematics 

2018; 119(2): 7847-54. 

18. Rizwan SB, Dong YD, Boyd BJ, Rades T, Hook S. Characterization of Bicontinuous Cubic Liquid 

Crystalline Systems of Phytantriol and Water using Cryo Field Emission Scanning Electron Microscopy. 

Micron, 2007; 38: 478–485. 

19. Tilekar K, Khade P, Kakade S, Kotwal S, Patil RY. Cubosomes - A Drug Delivery System. International 

Journal of Pharmaceutical, Chemical and Biological Sciences, 2014; 4: 812-824. 

20. Nanjwade BK, Hundekar YR, Kamble MS, Srichana T. Development of Cuboidal Nanomedicine by 

Nanotechnology. Austin J Nanomed Nanotechnol, 2014; 2: 1023. 

21. Gupta M. Cubosomes: As a drug delivery carrier. Int J Scientific Eng. Res 2017; 6(4): 252-7. 

22. Dhadwal A, Sharma DR, Pandit V, Ashawat MS, Kumar P. Cubosomes: A novel carrier for Transdermal 

Drug Delivery. J. Drug Deliv. Ther 2020; 10(1): 123-130. 

23. Ben JB, Darryl VW, Shui-Mei K, Greg D. Lyotropic liquid crystalline phases formed from glycerate 

surfactants as sustained release drug delivery systems. Int. J. Pharm 2011; 309(1-2): 218–26. 

24. Barauskas J, Landh T. Phase behavior of the phytantriol/water system. Langmuir 2003; 19(23): 9562–5. 

25. Rizwan SB, Dong YD, Boyd BJ, Rades T, Hook S. Characterization of bicontinuous cubic liquid crystalline 

systems of phytantriol and water using cryo field emission scanning electron microscopy (cryo FESEM). 

Micron 2007; 38(5): 478–85. 

26. Josephine YT Chong, Xavier M, Ben JB, Calum JD. Steric stabilizers for cubic phase lyotropic liquid 

crystal Nanodispersions (Cubosomes). Adv. Planar Lipid Bilayers and Liposomes 2015; 21: 131–187. 

27.  Yao-Da D, Ian L, Timothy JB, Clive AP, Stephanie A, Xinyong C et. al. Understanding the interfacial 

properties of anostructure liquid crystalline materials for surface-specific delivery applications. Langmuir 2012; 

28(37): 13485–95. 



ijppr.humanjournals.com 

Citation: Aniruddha A. Patil et al. Ijppr.Human, 2023; Vol. 28 (1): 211-219. 219 

28. Worle G, Drechsler M, Koch MH, Siekmann B, Westesen K, Bunjes H. Influence of composition and 

preparation parameters on the properties of aqueous monoolein dispersions. Int. J. Pharm 2007; 329(1-2): 150–

157. 

29. Luzzati V, Gulik Kryzwicki T, Rivas E, Reiss-Husson F, Rand RP. X-Ray Study of Model Systems: 

Structure of the Lipid-Water Phases in Correlation with the Chemical Composition of The Lipids. The Journal of 

General Physiology, 1968; 51: 37-43. 

30.  Spicer PT, Hayden KL, Lynch ML, Ofori-Boateng A, Burns JL. Novel Process for Producing Cubic Liquid 

Crystalline Nanoparticles (Cubosomes). Langmuir, 2001; 17: 5748-5756. 

31.  Spicer PT, Hayden KL, Lynch ML, Ofori-Boateng A, Burns JL. Novel Process for Producing Cubic Liquid 

Crystalline Nanoparticles (Cubosomes). Langmuir, 2001; 17: 5748-5756. 

32. Garg G, Saraf S, Saraf S. Cubosomes: An Overview. Biol. Pharm. Bull, 2007; 30(2): 350—353. 

33. Kim DH, Lim S, Shim J, Song JE, Chang JS, Jin KS, Cho EC. A Simple Evaporation Method for the Large 

Scale Production of Liquid Crystalline Lipid Nanoparticles with Various Internal Structures. ACS Appl. Mater. 

Interfaces, 2015; 7: 20438 – 20446. 

34. Martiel I, Sagalowicz L, Handschin S, Mezzenga R. Facile Dispersion and Control of Internal Structure in 

Lyotropic Liquid Crystalline Particles by Auxiliary Solvent Evaporation. Langmuir, 2014; 30: 14452 – 14459. 

35. Salentinig S, Yaghmur A, Guillot S, Glatter O. Preparation of Highly Concentrated Nanostructured 

Dispersion of Controlled Size. J. Colloid Interface Sci, 2008; 326: 211 – 220. 

36. Deshpande S, Venugopal E, Ramagiri S, Bellare JR, Kumaraswamy G, Singh N. Enhancing Cubosome 

Functionality By Coating with a Single Layer of Poly-Ε-Lysine. ACS Appl. Mater. Interfaces, 2014; 6 (19): 

17126 – 17133. 

37. Gustafsson J, Ljusberg-Wahren H, Almgren M, Larsson K. Submicron Particles of Reversed Lipid Phases 

In Water Stabilized By A Nonionic Amphiphilic Polymer. Langmuir, 1997; 13: 6964 – 6971. 

38. Caltagirone C, Falchi AM, Lampis S, Lippolis V, Meli V, Monduzzi M, Prodi L, Schmidt J, Sgarzi M, 

Talmon Y, Bizzarri R, Murgia S, Cancer-Cell-Targeted Theranostic Cubosomes, Langmuir, 2014; 30: 6228 – 

6236. 

39. Demurtas D, Guichard P, Martiel I, Mezzenga R, Herbert C, Sagalowicz L. Direct Visualization of 

Dispersed Lipid Bicontinuous Cubic Phases By Cryo-Electron Tomography. Nat. Commun, 2015; 6: 8915. 

40. Duss M, Manni LS, Moser L, Handschin S, Mezzenga R, Jessen HJ, Landau EM. Lipidic Mesophases as 

Novel Nanoreactor Scaffolds for Organocatalysts: Heterogeneously Catalyzed Asymmetric Aldol Reactions in 

Confined Water. ACS Appl. Mater. Interfaces, 2018; 10: 5114 – 5124. 

41. Barauskas J, Misiunas A, Gunnarsson T, Tiberg F, Johnsson M. Sponge Nanoparticle Dispersions in 

Aqueous Mixture of Diglycerol Dioleate And Polysorbate 80. Langmuir, 2006; 22(14): 6328 – 6334. 

42. . Yaghmur A, Glatter O. Characterization and Potential Applications of Nanostructured Aqueous Dispersion. 

Adv. Colloid Interface Sci, 2009; 147 –148, 333 – 342. 

43. Karami Z, Hamidi M. Cubosomes: Remarkable Drug Delivery Potential. Drug Discovery Today [Internet], 

2016; 21(5): 789–801. 

 


