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Abstract 

Cystic fibrosis (CF) lungs are usually susceptible to Pseudomonas aeruginosa colonization and this 

bacterium is resistant to immune system clearance and drug control. Particularly, the biofilm mode 

of growth protects several microorganisms from host defenses and antibacterial drugs, mainly due 

to a delayed penetration of the drug through the biofilm matrix. Biofilm, together with lung mucus 

viscosity and tenacity, reduces, therefore, the effectiveness of conventional antibiotic therapy in CF. 

The aim of this research was to design and develop a stable, portable, easy to use dry powder 

inhaler (DPI) for CF patients, able to release directly to the lung an association of macrolide 

antibiotics (clarithromycin) and a mucolytic agent (N-Acetyl-Cysteine). Its effectiveness is based on 

the counteracting of the characteristics of P. aeruginosa infections in CF (lung bacterial adhesion to 

lung epithelium, biofilm formation and mucus viscosity) and the ability to let the antimicrobial drug 

exert their pharmacological action.  

A solution of these two drugs, without any excipients, was spray-dried to obtain respirable 

microparticles, characterized by aerodynamic diameters suitable for inhalation (<5.0 m). The 

morphology evaluation evidenced a particles shape dependent on water content in the spray drying 

feeds, with wrinkle particles more evident with higher water content. Moreover, thanks to the 

presence of N-acetylcysteine which can interact with clarithromycin dimethyl-amino group, a 

consistent enhancement of drug solubility was obtained, compared to raw material and to the drug 

sprayed alone. The mucolytic agent added in the DPI may improve the macrolide diffusion into the 

mucus, enabling its action. 

Keywords: 

Dry powder inhaler; mucolytic agent; macrolide; drug dissolution 
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The most important mark that characterizes the Cystic Fibrosis (CF) disease is the production of 

very viscous secretions, which affect several organs. The related pulmonary disease develops 

consequently to the stasis of highly dense and sticky mucus, which disables over the years the 

mucociliary clearance. As a matter of fact, the chronic inflammation and persistent bacterial 

infections are related to the overexpression of the mucin proteins in the lower airways (Ermund et 

al., 2015; Kreda et al., 2012; Robinson and Bye, 2002; Rose and Voynow, 2006; Yuan et al., 2015)  

Clinically, bacterial lung infections in CF, leading in most cases to respiratory failure and death, are 

managed by antibiotic inhalation therapy, taking advantage of a direct delivery of the drug to the 

lung. Macrolide antibiotics are not so commonly used in CF to treat the lower airways infections 

caused in particular by mucoid strains of P. aeruginosa (Alhajlan et al., 2013; Geller and Madge, 

2011; Geller et al., 2011; Marshall et al., 2016; Ting et al., 2014). Notably, several studies reported 

a clinical benefit when macrolides were administered to treat P. aeruginosa infections, such as the 

decrease of the bacterial ability to adhere to airways epithelial tissues. It was also found that sub-

Mean Inhibitory Concentration of clarithromycin (CLA) substantially promoted both the alteration 

of the biofilm construction and the inhibition of the twitching motility of P. aeruginosa cells. If 

administered as a powder for inhalation, with the aim to minimize the systemic exposure and 

improve the efficacy, the low water solubility of clarithromycin (CLA) can impair the drug 

diffusivity into the viscous mucus and, therefore, its effectiveness after lung deposition (Dimer et 

al., 2015; Martinez et al., 2008; Nagino and Kobayashi, 1997; Schoni, 2003; Southern et al., 2012; 

Wozniak and Keyser, 2004). 

As reported, the drug micronisation and amorphisation obtained by spray drying technology is not 

able, alone, to enhance the in vitro solubility and dissolution rate of CLA. In a previous research 

(Manniello et al., 2016), it has been demonstrated that, differently from the drug micronisation, 

drug salification was able to effectively improve CLA solubility, enhancing its antimicrobial 

activity. Taking this into account, the aim of this research was to exploit the drug salification by 
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means of a molecule having both an acidic moiety and a therapeutic benefit in the CF management. 

The N-Acetyl-L-cysteine (NAC), with a carboxylic functional group, was selected as salifying 

agent due to its well-known mucolytic activity. The pharmacological effectiveness of this drug 

combination is based on the counteracting of the characteristics of P. aeruginosa infections in CF 

(bacterial adhesion to lung epithelium, biofilm formation) and the barrier to drug dissolution exerted 

by the viscous mucus. The co-spray drying method was selected with the aim to obtain in one step a 

dry powder characterised by a homogeneous distribution of the drugs in the microparticles and 

favourable aerodynamic properties. 

2. Materials and methods 

2.1 Materials. 

Clarithromycin was purchased from Carbosynth Limited (Berkshire, UK) and N-acetylcysteine was 

purchased from Sigma-Aldrich (Milan, Italy). Water was purified by reverse osmosis (Milli-Q, 

Millipore, France). 2-Propanol (2-PrOH) and Acetonitrile (CH3CN) were obtained from Sigma 

Aldrich (Milan, Italy) and were of analytical and HPLC grade, respectively. Hypromellose (HPMC) 

capsules size 3 were kindly donated by Qualicaps
®
 (Alcobendas, Spain). The device used for 

aerodynamic tests was the monodose DPI RS01 model 7 with a low resistance to airflow, kindly 

donated by Plastiape
®
 SpA (Lecco, Italy). 

2.2 Preparation of respirable powders of clarithromycin.  

CLA (MW=747.95 g/mol) and NAC (MW=163.20 g/mol) constituted the active ingredients of the 

micronized powders. The macrolide CLA has in its structure a basic amino-sugar, directly linked to 

its aglycone portion (Figure 1). This CLA basic moiety could be exploited to an ionization with 

NAC, characterized by an acidic moiety. Each single feed was obtained by gradually adding the 

NAC water solution to the CLA alcoholic suspension (2-Propanol), under continuous magnetic 
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stirring. After pouring the NAC solution into the CLA suspension, clear water-alcoholic solutions, 

characterized by a pH of 6.5 (±0.5) were obtained and processed by spray drying technology. 

Furthermore, as a comparison, we prepared micronized powders of clarithromycin (CLA) in its raw 

form by suspending the drug in hydro-alcoholic solution (CLA#1 batch, 50/50 v/v H2O/2-PrOH, 

3% p/v; Table 1), as reported in a previous work (Manniello et al., 2016). 

Each batch (CLA-NAC and CLA) was carried out in triplicate by spray-drying the hydro-alcoholic 

solutions containing 2-Propanol (from 20% to 50% v/v), using a Buchi Mini Spray Dryer B-191 

(Buchi Laboratoriums-Tecnik, Flawil, Switzerland) at the following operative conditions: the inlet 

temperature was fixed at 100°C for CLA-NAC batches and at 90 °C for CLA batches, the drying air 

flow at 500 l/min, aspiration rate at 100%, air pressure at 6 atm, feed rate at 5 ml/min and nozzle 

diameter at 0.5 mm. The outlet temperature ranged between 65 °C and 68 °C for CLA-NAC 

batches, while 59 °C and 61 °C for CLA batches.  

Production yields were expressed as percentage of the final product compared to total amount of the 

sprayed material; all the spray-dried powders were collected and stored at room temperature 

(Aquino et al., 2012). 

2.3 Physico-chemical properties of the Spray Dried Powders. 

2.3.1 Particle Size Distribution analysis.  

Particle size distribution of the spray-dried particles (#CLA-NAC batches) was determined using a 

light-scattering laser granulometer equipped with a tornado powder dispersing system (LS 13 320 

Beckman Coulter Inc., FL, USA). The LS 13 320 uses a 5mW laser diode with a wavelength of 750 

nm and reverse Fourier optics incorporated in a fiber optic spatial filter and binocular lens systems. 

The particle size distributions were calculated by the instrument software using a Fraunhofer 

Model. Powder samples were measured using the Tornado
®
 unit to disperse the powder, without 

using any solvent which can change the powder surface properties. Samples were charged into a 
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plastic cylinder in order to obtain an obscuration value between 4% and 8%. Results were expressed 

as 𝑑50 and Span, as reported in Equation 1. 

      
       

   
   Eq. 1 

 where 𝑑10, 𝑑50, and 𝑑90 indicate diameters at the 10
th

, 50
th

, and 90
th

 percentiles of the particle size 

distribution, respectively (Aquino et al., 2014). 

2.3.2 Microparticle morphology. 

Morphology of microparticles was examined using a scanning electron microscope (SEM) Zeiss 

EVO MA10 with a secondary electron detector (Carl Zeiss SMT AG, München-Hallbergmoos, 

Germany), operating at 14 kV, equipped with a Leica EMSCD005 metallizator producing a 

deposition of a 200-440 Å thick gold layer (Del Gaudio et al., 2014). 

2.3.3 FT-IR analysis 

Infrared analysis was performed using a FT-IR spectrophotometer (FT-IR/NIR Frontier 

Spectrophotometer, Perkin Elmer, MA, USA) equipped with a single reflection horizontal ATR 

accessory having a diamond coated ZnSe top-plate crystal fixed at incident angle of 90° (Universal 

ATR Accessory, Perkin Elmer, MA, USA). Powder samples were analysed using 128 scan with a 1 

cm-1 resolution step. ATR effect and atmospheric contributions from carbon dioxide and water 

vapor were corrected by the Spectrum® software. Each analysis was carried out in triplicate, and 

results averaged. 

2.3.4 Aerodynamic behavior evaluation.  

The in vitro aerodynamic properties of the spray-dried (SD) powders were evaluated as reported in 

the European Pharmacopoeia 8
th 

Ed., following the instruction for “Aerodynamic assessment of fine 

particles in preparations for inhalation”. To ensure the accuracy, each experiment was performed 
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in triplicate using a Glass Impinger (SSGI; apparatus A; Copley Scientific Ltd., Nottingham, UK), 

and the monodose DPI RS01 model 7, a breath activated and reusable DPI, kindly donated by 

Plastiape
®
. HPMC, clear and colorless capsules size 3 were manually filled with 30.0 (±0.5) mg of 

#CLA-NAC powder. To release the medication, each capsule was introduced into the device and 

pierced twice. To realize the deposition experiment, the vacuum pump operated at a flow rate of 60 

(±5) l/min for 5 seconds (Erweka vacuum pump VP 1000 equipped with an electronic digital 

flowmeter type DFM, Erweka Italia, Seveso, MI, Italy). To recuperate the amounts of the deposited 

powder, each impingement chamber of the SSGI was washed with purified water (Milli-Q, 

Millipore). CLA and NAC quantifications were performed by HPLC-DAD method, as described 

below. To achieve samples dilutions, a CH3CN/H2O solution (1:1 v/v) was used. The Emitted Dose 

(ED), which provides information about the cohesiveness of the powder, was gravimetrically 

determined and expressed as percentage of powder exiting the device vs amount of powder 

introduced into the capsule. The Fine Particle Fraction (FPF), expressed as a percentage, was 

defined as ratio of the drug characterized by particles with an aerodynamic diameter smaller than 

6.4 microns which passed into the lower impingement chamber vs total drug charged into the 

capsules (Sansone et al., 2009).  

2.3.5 Clarithromycin and N-acetylcysteine quantifications. 

CLA and NAC quali/quantitative determinations followed a method adapted from literature reports 

(Ourique et al., 2014; Shahbaziniaz et al., 2013). Briefly, CLA and NAC raw materials were 

solubilized separately in a CH3CN/H2O solution (1:1 v/v); then, the sample dilutions were analyzed 

using the same HPLC-DAD method (Chromatopac L-10AD system equipped with a Rheodyne 

Model 7725 injector loop 100 l, Shimadzu, Kyoto, Japan) in order to obtain two calibration 

curves. The analytical mobile phase consisted of CH3CN and phosphate buffer 50mM (37/63 v/v) 

adjusted to pH 4.50 (±0.05) with few drops of phosphoric acid 1% (v/v). The saline buffer was then 

filtered with 0.45 m filters. Peak areas were calculated with a Shimadzu C-R6A integrator. A 
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linear response over the concentration range of 40–300 g/ml (y=9.4936x–17.87; R
2
=0.999) was 

obtained for CLA and over the concentration range of 5–30 g/ml (y=88.331x+245.65; R
2
=0.9929) 

for NAC. The UV detection was performed at 205 nm for both analytes (Model SPD-10AV UV–vis 

detector). 

2.3.6 Solubility evaluation of the clarithromycin in the spray-dried microparticles. 

The addition of NAC in equimolar ratio into the feed solution led to a complete solubilization of 

CLA as effect of an acid (NAC) base (CLA) interaction: when the water solution of NAC was 

gradually added to the alcoholic cloudy suspension of CLA, it became more and more clear. When 

all the NAC-solution was added, the final liquid feed was clear, thus, a solution was generated. In 

order to verify if the obtained spray-dried powders increased their water solubility, compared to the 

unprocessed drug or to the CLA sprayed alone, a solubility study on the CLA-NAC co-spray dried 

powders, and as control on CLA raw material and on CLA spray-dried powder was performed. The 

solubility equilibrium in the experimental condition, was reached using an excess of powders and 5 

ml of phosphate buffer, 50 mM, pH 6.75 (buffer A), constantly warmed at 37 °C in a water bath; 

after 72 h samples were filtered and appropriately diluted with buffer A prior to be analyzed. CLA 

quantification was realized by HPLC-DAD method, as described above. 

2.3.7 Dissolution profile of clarithromycin. 

The in vitro dissolution study of the SD microparticles was performed by a Vertical Diffusion Cell 

system (VDC; Hanson Research Corporation, CA, USA), as reported elsewhere (May et al., 2012; 

Russo et al., 2013; Stigliani et al., 2013; Stigliani et al., 2016). The receptor chamber (RC; standard 

volume – 7 ml) was filled with buffer A, to create a positive meniscus. Between the donor and the 

receiving chamber, a filter of nitrocellulose (MF
TM

 Membrane filters; filter type 0.45 m HA), 

previously wetted with few drops of buffer A was interposed; on the top of the membrane a single 

dosage wafer was placed. Having ensured the sealing of the Donor Chamber (DC) by the glass cell 
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disk and the cell ring, the VDC system was let warming at 37.0 (± 0.1) °C maintaining the medium 

under continuous magnetic stirring (170 rpm) in the RC. After 30 min, about 6 mg of #CLA-NAC 

and 5 mg of #CLA SD powders accurately weighted were transferred directly in the DC, ensuring 

sink conditions; the DC was then sealed and finally the dissolution experiment started. At pre-

determined time points, 250 µl of the dissolution medium were sampled by adding fresh buffer A, 

constantly warmed throughout the experiment.  

Quantitative analyses of the dissolution media were conducted in triplicate using the previously 

described HPLC-DAD method, reporting the dissolution data as the percentage of permeated drug 

related to time. 

3. Results and Discussion 

3.1 Manufacturing and characterization of the spray dried powders.  

CLA (basic moiety) and NAC (acid moiety) were let able to interact, adding a water solution of 

NAC to an alcoholic suspension of CLA. In accordance with the stoichiometry of the reaction, the 

neutralisation occurs when the same moles number of CLA and NAC reacts. Thus, to achieve a 

final drug composition of about 3% (w/v) in each liquid feed, 0.545 g of NAC (3.34×10
-3 

moles) 

were dissolved in purified water and added to 2.50 g of CLA (3.34×10
-3 

moles) suspended in 2-

PrOH.  

Each batch was produced by varying the solvent composition from 50% up to 80% of H2O (v/v), in 

order to reduce the static electricity of the resulting powder and to ensure the solubilization of the 

ionized drug. As shown in Table 1, the process yield increased (up to 67.1%) with the 2-PrOH 

content in the spray drying feed solutions due to the easier evaporation process of the solvent during 

spray drying. Particle size, on the contrary, decreased up to d50=2.60 m by increasing the water 

content of the feed solutions (CLA-NAC #3; Table 1). The aqueous prevalence in the liquid feed 

probably contributed to a better solubilization of the drugs (CLA and NAC), with a subsequent 
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reduction of the Peclet number of the solutes, as reported elsewhere (Vehring, 2008). To complete 

the experimental evaluation, other two liquid feeds with 10% and 0% of 2-PrOH were prepared. In 

both cases, however, suspensions were obtained, too coarse to be processed by spray drying 

process. 

In addition to the volume diameter (Dv) and the density (  , the shape of particles for inhalation has 

an important role in their aerodynamic behavior, as evidenced by the equation of the aerodynamic 

diameter (Dae): 

      √
 

   
      Eq 2 

where   is the particle shape observed by means of SEM analysis.  

In particular, particles smooth and spherical in shape have a   factor next to 1, while corrugated 

particles showing many wrinkles have increased   shape factor. 

The morphology studies showed an increase in particle corrugation as an effect of the NAC 

presence in spray-drying feed solutions, which is likely to improve the aerodynamic performance.  

As well known, the morphology of the spray-dried particles is influenced by the solubility of each 

drug in the feeds. According to our previous work, when CLA was spray dried alone, spherical 

particles were obtained (Manniello et al., 2016). With the ionization of the dimethyl-amino sugar of 

CLA, using NAC as an ionizing agent, the formation of a corrugated surface of the spray-dried 

particles was evidenced by SEM images (Figure 2, A). The increase in 2-PrOH content, however, 

involved the production of a blend constituted of corrugated and spherical particles. This result 

became more evident if the 2-PrOH content in the feed solutions was higher, from 4:6 to 5:5, as a 

result of a more rapid evaporation of the solvent during the spray drying process (Figure 2).  

FT-IR studies were conducted in order to confirm the interaction between CLA and NAC in 

powders obtained by co-spray drying. In Figure 3 the characteristic peaks of CLA crystalline raw 
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material are reported, including the –OH stretching vibration at 3460 cm
-1

, the peaks between 2950-

2800 cm
-1

 related with alkyl-CH3 substitution bands, the peak related to carboxyl group in the 

lactone ring at 1733 cm
-1

 and C=O stretching vibration from ketone group in the lactone ring at 

1691 cm
−1

 while ether function bands were observed between 1170 and 953 cm
−1

. Clarithromycin 

suspension processed by spray drying demonstrated IR spectra superimposable with raw material, 

confirming that atomization process did not modify CLA chemical structure. In Figure 3 is also 

reported the FT-IR spectrum of NAC raw material. NAC crystals showed characteristic peaks at 

3372 cm
-1

 related to N-H stretching band and the S-H peak at 2548 cm
-1

 partially superposed on the 

broad band of –OH stretching of the carboxylic group; peaks at 1713, 1585 and 1529 cm
-1 

were 

related to C=O stretching of the carboxylic group and amide I and II band, respectively (Picquart et 

al., 1998) . All CLA-NAC formulations exhibited a characteristic broad band centred at 3389 cm
-1

 

and two peaks at 1654 and 1606 cm
-1

 which can be associated to the interaction between the tertiary 

amine of the CLA and carboxylic group of NAC leading to the formation of a clarithromycin salt 

(Karimi et al., 2016). 

3.2. Aerodynamic behavior. 

Gelatin capsules, commonly used for in vitro deposition studies, have a high moisture content 

compared to HPMC capsules (Richardson, 2011). Because of the hygroscopic behavior of NAC, the 

present study was performed using HPMC capsules. High recovery percentages from the impaction 

apparatus referred to both drugs were obtained. Furthermore, each tested powder showed excellent 

flow properties, evidenced by high ED values. (Table 2). During the deposition study, no significant 

difference of FPF among # CLA-NAC batches was observed. Compared to #CLA base, a general 

enhancement of FPF was obtained for #CLA-NAC batches, (up to 59.4% for batch CLA-NAC 2) 

(Table 2), indicating that the drug salification led to a higher aerodynamic performance.  

3.3 Solubility assessment of CLANAC spray-dried microparticles. 
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Solubility experiments were performed in triplicate to verify if CLA ionization was accompanied by 

a solubility enhancement. The present study focused only on the quantification of CLA by HPLC-

DAD method. The NAC solubility was not the object of this study, because this drug is very soluble 

in water. Furthermore, as we saw during the drugs quantification by the HPLC described method, 

compared to standard, HPLC-peaks of NAC were qualitatively different, indicating a probable NAC 

degradation after 72 h at 37 °C. 

Powders intended for inhalation are extremely fine, so the dissolution rate might seem enough rapid 

to have only a slight impact on the drug activity. It is well known, in fact, that a greater surface area, 

obtained after the spray drying process and particle size reduction, contributed to a better wettability 

of the microparticles. The results of this study demonstrated, however, that the solubility 

enhancement of CLA, approximately tenfold greater than raw material and CLM spray-dried alone, 

was obtained only after the ionization process (Table 2).  

As reported by Hastedt et al., the dose number, Do expressed in the Equation 3, specifies a measure 

of the effect of the drug solubility on its dissolution process for inhaled administered drug, where 

M0 is the dose, V0 is the volume of dissolution fluid (10–30 ml for the small volume of liquid lining 

the lungs) and CS is the drug solubility. 

   
    ⁄

  
      Eq. 3 

This dimensionless index (Do) is a very useful tool to highlight the importance of the CLA 

solubility enhancement when formulated as a dry powder for inhalation, evidencing the impact of 

drug solubility on the dissolution process.  If the solubility of a drug is very low in an aqueous 

environment, in fact, Do >> 1 and the dissolution process is impaired. 

Looking at the obtained solubility data (Table 2), the solubility of #CLA base is very low; therefore, 

the drug does not undergo to a proper dissolution process in an aqueous environment, even when 
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formulated as microparticles (Do >> 1.0, ≈ 14 for a large dose of 100 mg and a reduced dissolution 

volume of 10 ml). Considering the CLA-NAC case, Do ≈ 0.8 (at the same conditions), thus the 

enhancement of the aqueous solubility of the ionized CLA could enhance both the dissolution 

process in aqueous media and the possibility to administer large doses, contributing to limit drug 

accumulation in the lung (Hastedt et al., 2015). 

3.4 Dissolution study.  

Besides a proper deposition process that delivers the drug directly onto the lower airways, the local 

activity of an inhalation product formulated as a dry powder is linked to the effective ability of the 

drug to dissolve into the biological fluids. With their reduced volume of liquid lining their surface 

(10 to 20 ml/100 m
2
), lungs are not the ideal place for drug dissolution, and, in the case of 

pathology as CF, the presence of a sticky and viscous mucus further hampers the dissolution 

process. In addition to deposition studies, therefore, dissolution test is a crucial step in the 

development of inhalation powders. Official Pharmacopoeias, however, do not describe a 

standardised method to evaluate the dissolution process of a dry powder for inhalation.  As 

reported by several authors, a vertical diffusion cell apparatus represents a proper tool to evaluate 

the drug dissolution, determining the amount of drug permeated through a synthetic membrane. In 

order to better mimic the in vivo environment in which CLA should dissolve after deposition, the in 

vitro dissolution studies were performed, choosing the CLA-NAC batch #2, because of its higher 

FPF values and drug solubility, and CLA base (SD drug in its raw form) and CLA raw material as 

comparison (Gray et al., 2008; May et al., 2014; May et al., 2012). 

CLA micro-particles SD alone (Figure 4, squares) showed a very low drug release during time and 

a slow rate of dissolution, similar to CLA base (Figure 4, triangles). On the contrary, we saw that 

the combination of CLA and NAC enhanced the wettability of the co-SD powders and increased the 
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solubility of CLA. As shown, without using excipients, the highest rate of dissolution was reached 

within 180 min, during which about 80% of the drug was released (Figure 4, circles). 

Conclusions. 

The CLA ionization, pursued to increase drug solubility, was obtained adding in the feed solutions 

an equimolar amount of NAC, a well-known mucolytic drug, which can exert its action on CF lung 

mucus, facilitating the dissolution and the permeation of the antibiotic through the mucus. Co-spray 

dried powders of CLA and NAC showed good physico-chemical, technological and aerodynamic 

properties, appearing as a valid pharmacological support for a better management the CF respiratory 

disease, that combines the antibacterial activity of CLA and mucolytic properties of NAC in an 

optimized DPI.  
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Figure 1. CLA-NAC chemical structures and ionization process during the feed solutions preparation.  

 

Figure 2. SEM micrographs of co-spray-dried CLANAC microparticles. Wrinkled micronized particles dried from 2-

PrOH/water 20:80 (A) and 30:70 (B) (v/v). Blends of wrinkled and spherical particles dried from 2-PrOH/water 40:60 

(C) and 50:50 (D) (v/v), respectively. 

 

Figure 3. FTIR spectra of CLA raw material (a), CLA spray-dried (b), NAC (c), and clarithromycin-N-acetylcysteine 

microparticles obtained by spray drying, CLA-NAC 2 (d). 

 

Figure 4. Dissolution/permeation profile of clarithromycin through a nitrocellulose membrane from raw material 

(triangles), CLA base microparticles (squares), CLA-NAC formulation (circles). 

 

Table 1. Physical characteristics of co-spray-dried powders: feed solution compositions, yield of the process and 

particle size. 

 

Table 2. Fine Particle Fraction (FPF), Emitted Dose (ED) and Solubility of Clarithromycin in CLANAC co-spray-dried 

microparticles. 
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Table 1, 

Manniello et al 

 

 

 

 

 

 

 

 

 

 

 

 

  

Batch # 
 

Feed solution composition 

Yield % 
d50 µm 

(span) 
Drug 

concentration 

(% w/v) 

2-PrOH/H2O  

(% v/v) 

CLA base 3 50/50 57.0 (±6.3) 4.4 (2.20) 

CLA-NAC 1 3 50/50 67.1 (±2.3) 3.0 (2.20) 

CLA-NAC 2 3 40/60 63.7 (±5.9) 2.7 (2.30) 

CLA-NAC 3 3 30/70 57.7 (±7.8) 2.6 (2.10) 

CLA-NAC 4 3 20/80 56.7 (±1.1) 3.3 (2.00) 
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Table 2, Manniello et al 

Batch # 
 

FPF % 
Emitted 

Dose (ED) 

CLA 

Solubility 

(mg/ml) 

CLA base 29.6 (±0.9) 99.9 (±1.04) 0.7 (±0.02) 

CLA-NAC 1 55.1 (±2.4) 100.4 (±0.35) 11.7(±2.00) 

CLA-NAC 2 59.4 (±3.1) 100.1 (±0.60) 12.1(±2.40) 

CLA-NAC 3 54.4 (±4.0) 100.3 (±0.23) 8.7(±1.40) 

CLA-NAC 4 53.3 (±7.1) 100.1 (±0.50) 9.6(±0.70) 
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