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SEM

▪ Scanning Electron Microscopy;
▪ Evaluation of size;
▪ Evaluation of morphology;
▪ ImageJ analysis.

▪ Brunauer Emmett Teller theory;
▪ N2 adsorption;
▪ Evaluation of porosity;
▪ Evaluation of surface area.

N2

BET

▪ X-Ray Diffraction;
▪ Evaluation of crystallinity;
▪ Determination of polymorphism.

▪ Next Generation Impactor;
▪ In vitro drug deposition;
▪ Fine particle fraction (FPF) and mass 
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▪ Formulation: Mannitol and mannitol + 1% SAS

▪ Solid concentration: 5, 10, 15, 20%

▪ Feed flow rate: 1, 2.5, 5, 7.5, 10 ml min-1

▪ Primary drying: 10 °C, 20 Pa

▪ Secondary drying: 20 °C, 20 Pa, 5 h

Pulmonary delivery of drugs is attracting widespread interest in the pharmaceutical field for the treatment of
both respiratory and systemic diseases. Inhalable fine powders can be produced by milling [1], spray-drying (SD)
[2], spray freeze-drying [3], thin film freezing [4], and supercritical fluid technology [5]. Spray freeze-drying (SFD)
is a promising approach consisting of three steps, i.e., atomisation, freezing, and drying [6]. During the first two
stages a solution of drug and excipients is fed to a nozzle, atomised in small droplets and rapidly frozen using
liquid nitrogen [7]. Freezing promotes the formation of ice crystals, which sublime during drying, giving the
particles a porous structure [8]. The high porosity of spray freeze-dried particles allows for the reduction of
particle density, improving the aerodynamic properties. This study aimed to comprehensively analyse SFD
mannitol microparticles (MPs), investigating the impact of the solid concentration and the feed flow rate on MPs
morphology, size, porosity, and crystallinity. The variation of such properties was also assessed upon the addition
of salbutamol sulphate (SAS), a bronchodilator commonly used for the treatment of asthma. Furthermore, the
aerodynamic behaviour of SAS-mannitol MPs was evaluated to assess their suitability for inhalation purposes.

Introduction

Results and Discussion

Size

The geometric and aerodynamic diameter 
increased at:
▪ ↑ solid concentration
▪ ↑ feed flow rate

The powders produced at low concentration 
and flow rates displayed:
▪ narrow particle size distribution 
▪ low span values
▪ high uniformity of the powders' size 

In vitro drug deposition

In all samples, the major fraction of MPs was
retained in device (DEV), induction port (IP), and
preseparator (PRE) suggesting the large presence of
non-inhalable MPs in the powder.
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❖ What happened adding SAS?

Morphology

Mannitol MPs showed:
▪ spherical shape
▪ porous structure
▪ ↑ robustness at ↑ solid 

concentrations

❖ Adding SAS:

▪ Better defined structure

Geometric diameter Aerodynamic diameter

The particle size distributions associated with the
geometric diameter of particles added with SAS
showed the same shape observed without the drug.
However, MPs embedding the drug displayed a
significant increase in their mean sizes compared to
bare mannitol.

Mannitol aBET = 5.52 − 10.10

Mannitol and SAS aBET = 21.62 − 23.86

❖ Which is the cause?

The cause could be mannitol polymorphism:
(∎) α-mannitol, a = 8.54 m2 g-1

(▲) β-mannitol, a = 0.37 m2 g-1

(●) δ-mannitol, a = 1.01 m2 g-1

▪ δ-mannitol was the prevalent polymorph
and its content increased adding SAS

↑ SAS → ↑ δ-mannitol content → ↑ aBET

FPF (%) MMAD (μm)

5% - 1 ml/min 26 ± 3 4.4 ± 0.2 

15% - 1 ml/min 9.9 ± 1.3 6.0 ± 0.3

↑ solid concentration → ↑ density → ↑ MMAD

❖ Mannitol MPs:

▪ ↑ solid concentration → ↑ geometric diameter
▪ ↑ feed flow rate → ↑ geometric diameter 
▪ ↑ solid concentration → ↑ aerodynamic diameter
▪ ↑ feed flow rate → ↑ aerodynamic diameter 
▪ Prevalence of δ-mannitol

Deposition fraction (%)

5% - 1 ml/min 35.6

15% - 1 ml/min 23.7

1) Mannitol

2) Mannitol + 1% SAS
SFD Production of spherical porous MPs

❖ Mannitol + 1% SAS MPs:

▪ ↑ particle size
▪ ↑ BET surface area
▪ ↑ δ-mannitol content
▪ ↑ solid concentration → ↑ FPF and ↑ MMAD 
▪ Optimal condition: 5% (w/w) – 1 ml/min 

▪ High surface area
▪ Good aerosolization properties
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