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1. Formulation Design 

A preliminary formulation study was carried out to optimize the starting suspension in terms of total 

solid concentration and components ratio. This study was done employing firstly laser light diffraction 

(Spraytec, Malvern, UK) and, successively, dynamic light scattering (Zetasizer nano series ZEN3600, 

Malvern, UK) to determine the size of the HA particles obtained with the ethanol antisolvent effect. 

The first suspension (1) was prepared starting from a water (30% v/v) solution of HA low molecular 

weight (0.83% w/v), based on the solution/suspension equilibrium plot (Figure 2) and what reported by 

Martinelli et al. [38]. As s first approach, a ratio 1:1:1:1 between all components 

(HA:isoniazid:rifampicin:verapamil) was adopted. The suspension obtained was composed by several 

different populations (Span = 24.26) in particle size (Figure S1). 

Successively, components ratio was changed based on Chan et al. [39] and Parumasivam et al. [72] 

publications. A new formulation was produced employing always 0.83% w/v of HA, a ratio 1:3 between 

antibiotics (rifampicin+isoniazid) and verapamil, and a ratio 1:2 between isoniazid and rifampicin. The total 

amount of rifampicin was the limiting one, after the determination of its solubility in the ethanol fraction (70% 

v/v), was used a concentration 4 mg/mL. The monomodal cumulative curve of the particle size of this second 

formulation, after 30 minutes of Ultra-TURRAX, is reported in Figure S1. 

 

Figure S1. Particle size cumulative undersize distribution evaluated by laser light diffraction of 

suspension 1 (circle) and of suspension 2 (square). 

Because the Dv,50 of the second formulation was around 100 µm, in the third suspension tested the HA 

concentration was reduced to 0.2% w/v, maintaining the same ratios between the other components. After 30 

minutes of Ultra-TURRAX, the suspension was analyzed by DLS (mean diameter 405.1 ± 5.35 nm), because 

it was not possible to obtain a size distribution using Spraytec. The ratios of this last nanosuspension were 

the same of the nanosuspension spray dried, with a total solid concentration of 0.59 w/v. 

  



Table S1. Mobile phase gradient and flow as well as wavelengths of the UV detector used to quantify 

the three drugs by HPLC: potassium phosphate buffer (A), methanol (B), ultrapure water (C) and 

acetonitrile (D).  

Time  

(min) 

A 

(%) 

B 

(%) 

C 

(%) 

D 

(%) 

Flow rate 

(mL/min) 

Wavelength 

(nm) 

0–7 90 10   1.0 261 

7–8  5 95  

8–10   90 10 1.2 

10–12   80 20 278 

12–34   63 37 1.5 

34–35 60   40 1.2 

35–52 50   50 1.0 254 

52–55 90 10   261 

2. Differential Scanning Calorimetry Analysis of the Spray Dried Powder 

DSC trace of the spray dried powder (Figure S2) presented a broad endothermic event between 25 and 

130 °C, reasonably due to the evaporation of residual water bonded to the polymer. This phenomenon was 

followed by an exothermic peak at high temperature (210–285 °C) ascribable to the thermal degradation of 

one or more components of the powder (likely HA).  

 

Figure S2. DSC thermograms of the spray dried powder. 

3. Solid State of the Spray Dried Powder 

The solid state of the spray dried powder was analyzed by PXRD. Figure C reported the X-ray intensity 

in counts per second (cps) observed for each angle 2θ. From the diffraction pattern is clear that the crystalline 

nature of the three drugs was completely lost after the spray drying process.  

 

Figure S3. X-ray plot of the spray dried powder. 
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