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Editorial

Applications of Spray Freeze-drying for Formulating Bioactive Wound 
Powders
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Chronic wounds do not heal in an expected timeline. The 
complications of chronic wounds make them an important 
issue for public health. The quality of life of patients with 
chronic wounds is negatively affected because of heavy 
exudates and unpleasant odor, infections, and organ 
disabilities.1 Therefore, wound care and promoting wound 
repair by using appropriate wound dressings should be 
considered. Modern wound dressings are designed to 
prevent infection, provide moist condition, exchange 
gases and water vapor, and uptake excess fluids.2 A more 
recent innovation is bioactive wound dressings that are 
modern dressings containing functional components 
with therapeutic effects.3 These dressing deliver active 
components like biopolymers, growth factors, antioxidants, 
and antimicrobial agents to wound.

Several marketed bioactive wound dressings have been 
formulated as powders or particulate solids, bioactive 
wound powders (BWPs), such as Altrazeal,4 Cartix,5 
DermFactor,6 and XCelliStem.7 From manufacturing 
point of view, BWPs have simple formulation and high 
physicochemical and microbial stability.8 From application 
point of view, they can be applied to deep and irregular 

shaped wounds, show high residence time at wound 
bed, and provide rapid therapeutic effects because of 
their higher contact with wound micro-environment.9,10 
Furthermore, BWPs do not cause pain or tissue damage in 
the process of dressing change.11

In situ hydrogel forming BWPs transform from a solid 
to hydrogel after absorbing wound exudates.12 The formed 
hydrogel adheres to wound surface, provides a moist 
condition, promotes cellular growth, delivers therapeutic 
agents, has permeability to gases and water vapor, and is 
easily removed by washing.13,14 In situ hydrogel forming 
BWPs preserve features of both BWPs and hydrogels and 
overcome drawbacks of semisolid hydrogels including 
their long term physicochemical and microbial stability.14 
To ensure rapid formation of a hydrogel, the particles of 
the formulated BWP should have small size, high porosity, 
and sufficient surface hydrophilicity.

Compounds from different sources have been developed 
as BWPs, including medicinal plants,15 animal-derived 
compounds,5,16 and biopolymers.17 These BWPs can be 
produced by various techniques. The selected method 
should preserve the stability of the compound, provide 

Figure 1. Schematic representation of spray freeze drying process.
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particles with narrow size distribution, have low waste of 
materials, be used for large scale production. Furthermore, 
the produced particles should exhibit optimum flowability, 
rapid fluid uptake, and can control the release of loaded 
therapeutic agent. Until now, the most used methods are 
spray drying,13 freeze-drying,18 and milling.16 However, 
these methods face some limitations. Spray drying and 
milling can compromise stability of sensitive molecules 
such as proteins and peptides.19,20 On the other hand, 
freeze-drying needs a long drying time and produces a 
solid cake that needs further steps of milling and sieving to 
provide a powder form with appropriate properties.21

Recently, spray freeze-drying (SFD) has attracted 
significant attraction as a particle engineering method. 
This method has been used for preparing powders 
intended for nasal, pulmonary, transdermal, and oral 
drug delivery.22 As Figure 1 shows, the SFD process 
consists of three consecutive steps of liquid atomization, 
droplet freezing, and lyophilization.23 First, the liquid feed 
(solution, suspension, or emulsion) is atomized as fine 
droplets. Then the atomized liquid droplets are frozen by 
means of liquid nitrogen. Finally, the dried particles are 
formed by solvent sublimation from these frozen droplets 
under reduced pressures. The SFD process produces 
spherical and porous particles with good control over 
their particle size distribution.22 Furthermore, it is possible 
to prepare porous particles with distinct structures by 
changing the concentration and components of feed liquid 
or modifying processing parameters such as lyophilization 
pressure and temperature (Figure 2).24 The advantages 
of preparing BWPs by SFD include preserving stability 
of sensitive molecules, good flowability, and rapid fluid 
uptake due to their porous structure. Considering these, 
we propose SFD as a promising method for preparing in 
situ gel forming BWPs, BWPs containing nanoparticles, 
and BWPs based on proteins and peptides such as growth 
factors. Application of SPD in this field can provide new 

opportunities to address challenges of spray drying and 
freeze-drying and develop effective multifunctional BWPs.
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