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Abstract 

An innovative frontier in the medical field is dictated by the 

development of new pharmacological techniques that exploit the 

controlled release of drugs: they concern the control of the storage and 

transport of active ingredients to specific sites within the human body, 

making it more constant concentration in the target site of the active 

substance. The main purposes of the techniques that exploit drug 

delivery therefore concern the cellular selectivity of the biological 

action of the active principle, with a consequent increase in the 

effectiveness of the treatment, the simplification of the patient's 

assumption methods, the control of the kinetics and quantity released, 

the reduction of side effects. 

In particular, in this thesis work, a combined system of micro and nano 

particles was used. The combined use, therefore, of the latter, the so-

called NiMDS (Nanoparticle in Microparticle Delivery System), allows 

to optimize the release process by combining the advantages of the 

individual systems. More specifically, systems consisting of liposomes, 

loaded with a model molecule, incorporated in alginate microparticles 

were produced. The microparticles have been produced using the 

ionotropic gelation mechanism: sodium alginate, placed in contact with 

Ca2+ divalent cations, is subject to a cross-linking phenomenon. The 

gels were therefore obtained by spraying an alginate and liposome 

solution and a calcium chloride solution in the air against each other. 

With this technique, it was possible to successfully incorporate the 

liposomes into the microparticles, thus using a configuration 

characterized by 0.5% alginate and 0.05 M CaCl2. 

Therefore, the stability of two selected model molecules, menadione 

(vitamin K3) and CBD, was verified in liposomes in a physiological 

environment, then at a temperature of 37 ° and a pH of 7.6 and, once 

this was verified, are focused on the encapsulation of the nanocarriers 
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to study their possible release from the microparticle system. As far as 

K3 is concerned, there has been confirmation of the phenomenon of 

degradation interesting both the "pure" molecule and the one 

incorporated within the liposomes, finding a 2nd order degradation 

kinetics. We then moved on to the analysis of CBD, which showed an 

encapsulation efficiency of about 65%, an amount that was well 

protected by the liposomal system and therefore did not show 

degradation unlike the remaining part, " external” to nanocarriers. 

 

Finally, analyzing the release of the CBD-containing liposomes from 

the alginate microparticles, it was seen that the amount of CBD released 

remained more or less constant throughout the analysis time 

(approximately 14 days), demonstrating an efficiency of incorporation 

of the liposomes with CBD in the microparticles of about 85% and, at 

the same time, a lack of release from the liposomes. At the end of the 

release test, the microparticles were broken through the use of EDTA, 

thus forcing the release of the liposomes and the load found confirmed 

the non-release, being able to ascertain that all the liposomes 

incorporated were still present in the microparticles. 

 

This phenomenon can be explained considering that the release of 

liposomes from the microparticles is driven by their erosion. Particular 

attention must therefore be paid to the production process of NiMDS, 

especially to the step of incorporating liposomes in alginate, aiming for 

a higher standardization and correct identification of the concentration 

of alginate and calcium chloride so as to correctly modulate the release 

in the required times from the specific application. 
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