
 
 

Production of micro and nanosized coamorphous materials with therapeutic activity using 
supercritical fluid technology embedded in laminates for transdermal and oral deliveries 

 
 

Abstract: Delivery of drugs requires the dose to be delivered at the right location in the patient's 
body at the right moment following a predefined rate of release from the dosage form 
considered (e.g. transdermal patch, tablet, extrudate).To achieve these goals, the drug must 
dissolve in the environment found (e.g. stomach content, skin) prior to and distribution in the 
body. This implies that the dosage form must embed the drug, carry it to the right location for 
release, provide a predefined release and promote stability over storage time. The design of an 
effective dosage form requires the complete understanding of the drug's properties (e.g. 
pharmacological, physical or chemical) namely its solubility in water. Unfortunately a high 
number of available drugs and the ones in clinical trials (more than 70%) present low or even 
extremely low solubility in water. Without surprise an important area of research in the last 
decades has addressed this problem, namely by the preparation of solid dispersions, 
amorphization of drugs, production of crystalline polymorphs or cocrystals and increase on 
specific surface area by micro or nanonization of the raw material. Unfortunately none of the 
described approaches has solved the problem and the physical stability of the new entities is 
questionable. The complete understanding of molecular organizations, interactions between 
drug and excipients molecules (used in the manufacture of dosage forms), and lack of stability 
remain to be reached. 
The core of this project is, by crystal engineering, the production of coamorphous particles in the 
micro or nanometer range made of olanzapine (OLA), gabapentine (GAB) or paroxetine (PAR) 
with cofomers. Thus, the combined effect of high surface specific area with high energetic 
materials impacts on solubility of the drugs. A coamorphous is made of two molecules a drug and 
a coformer. A coformer is a molecule with (preferable) or without pharmacological activity that, 
by interaction with the drug's molecule (often by hydrogen bonds) produces the coamorphous 
which shows distinct properties than original materials. 
The purposes of this project are a) the production of OLA-fluoxetine, GAB-naproxene and PAR-
valproic acid coamorphous by crystal and particle engineering, by supercritical fluid technology 
together with amorphization and processing techniques able to produce amorphous materials 
(e.g. spray-drying); b) manufacture of novel dosage forms namely a patch (transdermal delivery) 
or an extrudate (oral delivery) containing micro or nanoparticles of the coamorphous; c) 
assessment of the solubility increase of both the coamorphous and form of administration in 
mice. 
To minimize the risk of failure, other coformers (e.g. oxalic or tartaric acids or nicotinamide) are 
envisaged, too. The drugs have been selected on the basis of an added therapeutic value, 
problems associated to their physical instability or possibility of designing new dosage forms for 
higher patient comfort and adhesion to therapy, better quality, efficacy and safety on use. The 
project is divided into 3 phases and 6 tasks: a) production and characterization of coamorphous 
systems and identification of the most stable forms. Coamorphous will be made of a drug and 
coformer in different molar ratios from solutions with different solvents, by spray-drying, super 
critical fluids and milling. Particles will be characterized for their degree of crystallization (thermal 
analysis, XRPD, microscopy, IR spectroscopy, NMR), surface properties (Gibbs free energy or 
surface free energy, and chemical purity). The data produced will be used to mechanistically 
evaluate the coamorphous production namely by using Flory-Huggins10 theory and the Gordon-
Taylor equation11. The coamorphous with higher solubility in water, process ability for extrusion, 
stability of physical properties will be considered in the production of a transdermal patch and a 
laminate. These analytical techniques will be used not only on the characterization of 



 
 

coamorphous but also on monitoring their stability on processing into extrudates and over 
storage. Ageing effect cannot be neglected and stability of coamorphous in different 
environments (relative humidities, 10-90% and temperatures, 4-40 ºC) as powders and 
extrudates will be studied. 
b) transformation of the coamorphous into a dosage form (patch or laminate) by extrusion (single 
or multiple layers). Extrudates will be evaluated for integrity and physical defects, mechanical 
properties and performance tests (dissolution test for assessment of the release of drug), c) trials 
with mice for proof of the concept. 
The project benefits from the bilateral cooperation between the FF-UL (PT) and EKUT (DE) (e.g. 
PTDC/CTM/098688/2008) in which most of the work will be carried out in Lisbon (FF-UL and 
ISCSEM) but the EKUT will play an important role in the production (supercritical fluids) and some 
characterization (e.g. microscopy and thermal analysis) of particles. 
 


