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Supramolecular assembly into tubular micro and nanostructures 
has been a field of much interest lately. Lipid-based microtubes 
are formed by self-assembly which makes the obtention of this type 
of structures very attractive. The fabrication process is simple and 
with low costs, hence they are promising micro and nanometric 
drug delivery systems for industrial scaling up. Molecules such as 
glycolipids, bola surfactants, phospholipids, and other amphiphiles, 
particularly molecules with chiral atoms are favoured for self-assembly. 
Micelles, rods, tubes and various types of related structures, can be 
obtained according to preparation conditions, mainly concentration, 
pH and temperature. Microtubes are bilayers packed from molecular 
association driven by non-covalent interactions such as van der Waals 
and electrostatic forces as well as hydrogen bonding and stacking 
through π-π interaction [1,2].

Biocompatible lipid-based microtubes have been investigated with 
promising results as drug carriers for several proteins such as bone 
morphogenetic protein, transforming growth factor- β, myoglobin and 
insulin, and plasmid DNA, both to provide slow release and to protect 
them from degradation. Lipid-based tubes helped to overcome short 
half-life and prevent aggregation of proteins. Moreover, a bioactive 
peptide was covalently attached to this type of material to improve its 
ability to bind to specific bone cells [3-6]. As water soluble compounds 
they can be loaded in the hollow inner part of the tubes by capillarity, 
a safe procedure without heat, which protects this type of active 
molecules.

In our experience, microtubes prepared from 12-Hydroxystearic 
acid (12HSA) mixed with ethanolamine in aqueous solution, as 
introduced by Douliez et al. [7], resulted very easy to produce and 
reproducible. Microtubes of various 12HSA concentrations were 
prepared: 0.5, 1, 2, 5, and 7.5%. This formulation was useful for loading 
the amphiphilic drug Amphotericin B (AmB) without the need of 
hazardous organic solvents, which is particularly important considering 
the general concerning about environmental issues and waste disposal. 
AmB is a polyene antifungal very useful for systemic infections but 
with very low solubility (1 μg/ml) at physiological pH and severe 
adverse effects. 12HSA molecules self-assemble to form microtubes 
in basic media which favoured the loading of the drug so the amount 
incorporated was thousand times higher than its aqueous solubility. The 
structure of the microtubes was not affected by the presence of AmB 

(Figure 1), which unlike water-soluble drugs, was incorporated within 
the microtube wall due to the nature of the molecule. Interestingly, 
the process is much simpler than other technologies proposed for 
encapsulating AmB such as obtaining liposomes or nanospheres. 
Furthermore, 12HSA microtubes can be lyophilized and so overcome 
stability problems. So far this formulation was considered for topical 
administration for the treatment of Cutaneous Leishmaniasis.

It is interesting to consider that lipid-based tubes can be tailored 
for loading specific drugs because constituent molecules can be 
functionalized to modify the surface of the microtube wall. Also, since 
they are made from amphiphilic molecules, structures of different size 
or shape can be obtained by controlled dilution of the systems, which 
promotes the capacity to reach different targets in the body and so 
control biodistribution.

Lipid-microtubes are a promising carrier both as potential strategy 
to allow efficacious sustained release of many bioactive agents and 
to protect the ones that are too labile or rapidly cleared from the 
administration site. Additionally, they can become scaffolds to design 
or optimize specific therapies such as tissue engineering and genetics, 
emerging multidisciplinary areas of pharmacotherapy. There is still 
much to further investigate about the application of self- assembled 
composites.

References

1. Lee H Y, Nam SR, Hong JI (2009) Self-assembled organic microtubes from 
amphiphilic molecules. Chem Asian J 4: 226-235. 

2. Branco MC, Schneider JP (2009) Self-assembling materials for therapeutic 
delivery. Acta Biomaterialia 5: 817-831.

3. Johnson MR, Lee HJ, Bellamkonda RV, Guldberg RE (2009) Sustained release 
of BMP-2 in a lipid-based microtube vehicle. Acta biomater 5: 23-28.

4. Meilander NJ, Yu X, Ziats NP, Bellamkonda RV (2001) Lipid-based microtubular 
drug delivery vehicles. J Control Release 71: 141-152. 

5. Meilander NJ, Pasumarthy MK, Kowalczyk TH, Cooper MJ, Bellamkonda RV 
(2003) Sustained release of plasmid DNA using lipid microtubules and agarose 
hydrogel. J Control Release 88: 321-331.

6. Spear RL, Tamayev R, Fath KR, Banerjee IA (2007) Templated growth of 
calcium phosphate on tyrosine derived microtubules and their biocompatibility. 
Colloids Surf B Biointerfaces 60: 158-166.

7. Douliez JP, Gaillard C, Navailles L, Nallet F (2006) Novel lipid system forming 
hollow microtubes at high yields and concentration. Langmuir 22: 2942-2945.

Lipid-based Microtubes: A Promising Drug Carrier
Claudia Salerno and Carlos Bregni*

Department of Pharmaceutical Technology, School of Pharmacy and Biochemistry, University of Buenos Aires, Buenos Aires, Argentina

Figure 1: 12HSA-MT loaded with AmB 1mg/ml (TEM image 3000x).
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