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Abstract 
The oral bioavailability of poorly water-soluble drugs 

can be improved by reducing the particle size. In this 

work, nano to small-micron sized particles of the 

hydrophobic drug fenofibrate (FF) were prepared by 

controlled crystallization. This work presents a more 

efficient approach to nanoparticle generation than that 

used in the wet-milled marketed drug, Lipantil Supra. 

An antisolvent precipitation method was employed to 

precipitate nanoparticles from solution, and additives 

were used to temporarily stabilise the nanosuspension. 

Nanoparticles were generated which matched the small 

size and fast dissolution of the commercial drug. An 

interesting growth pathway was observed for freeze-

dried FF which was precipitated from a PVA solution. 

Morphological analysis of the growing particles 

initially induced speculation of a non-classical 

‘mesocrystal’ growth pathway. However, investigation 

of the electron diffraction patterns and cross-sectional 

inner surfaces of particles contradicted this initial 

‘mesocrystal’ hypothesis.  

  

1. Introduction 
In this work, antisolvent precipitation was used to 

produce a nanosuspension of fenofibrate. Controlled 

precipitation offers an approach to nanocrystal 

formation which can obviate many of the disadvantages 

associated with milling techniques. A series of 

stabilisers were tested to determine the best system to 

stabilize the nanoparticles and prevent particle growth 

and/or agglomeration after precipitation. Freeze-drying 

was used to isolate the particles. While freeze-drying 

showed limited success in isolating nanoparticles, it was 

successful in isolating small micron-sized particles 

which exhibited a 40-fold increase in dissolution rate, 

as compared to the ‘as received’ material. 

 

2. Results 

2.1. Stabilisation of FF nanoparticles 
After formation of the nanoparticles, results showed 

that PVA was the most successful additive at stabilizing 

the nanosuspension due to hydrogen bonding 

interactions which occur between the drug and additive. 

PVA forms a protective boundary around the 

nanoparticles, which helps to slow down the growth 

process. FF nanoparticles which were precipitated in 

PVA were stable in the sub-micron size region for 10 

minutes, before growing to a stable size of 4-5 µm.  

 

2.2. Dissolution testing 
The nanoparticles which formed initially on 

precipitation (200-300 nm) matched the fast dissolution 

of the commercially milled nanoformulation, Lipantil 

Supra, but by using a more energy/time/cost effective 

production method. As the particles grew in size from 

200-300 nm to 4-5 µm, the dissolution rate decreased. 

 
Fig. 2   Dissolution profiles of commercial FF and PVA-pptd 
FF suspensions at 200-300 nm and 4-5 µm in size.  
 

To achieve prolonged stabilization, the precipitated 

nanoparticles were freeze-dried immediately after their 

formation. However, freeze-drying was found to 

destabilize the fragile nanoparticle system and the 

process has yet to be optimized to successfully preserve 

the nanoparticle size during drying. Spray-drying will 

be tested as an alternative isolation method. 

 

2.3. Growth pathway of dried FF 
An interesting growth pathway was observed for 

freeze-dried, PVA-precipitated particles whereby a 

layer of nanoparticles coated the surface of the growing 

crystals over time after precipitation. The particles 

evolved from polycrystals, to roughly-surfaced single 

crystals, to smooth-surfaced single crystals through a 

dissolution-recrystallisation mechanism and not through 

‘mesocrystal’ formation which was initially speculated. 

 

 
Fig. 3   Evolution of PVA-precipitated FF particles over time 
after precipitation (freeze-dried).  
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