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In vitro respirable performance of amikacin dry powder versus amikacin nebulization 
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Summary 

Cystic Fibrosis (CF) is a rare disease affecting 70000 people worldwide. CF patients are particularly susceptible to 

pulmonary infections caused mainly by bacterial pathogens such as Pseudomonas aeruginosa (PA). To manage 

chronic exacerbation, antibiotic for inhalation is required. The approved treatment is represented by inhalation of 

tobramycin. However, other aminoglycosides are objects of investigation. The aim of this work was to study in vitro the 

aerodynamic behaviour of an amikacin sulphate liquid solution after nebulization and an amikacin dry powder 

(AMK/NaST) after aerosolization from a Dry Powder Inhaler (DPI). AMK/NaST was prepared using a proprietary spray 

drying technology to construct a powder to inhale having high content of drug and respirability. AMK/NaST powder 

was characterized in term of drug loading, morphology and median volume diameter. The aerodynamic behaviour of 

an amikacin sulphate liquid solution and AMK/NaST was assessed. Amikacin solution for injection (500 mg) was 

nebulized with a Pari LC plus cup. AMK/NaST powder was loaded in the DPI device at the labelled dose of 94 mg of 

amikacin base. The fine particle dose of amikacin was similar comparing the two products (46.1 mg and 47.9 mg for 

amikacin solution and amikacin dry powder, respectively). The data indicate that 94 mg of amikacin base as dry 

powder afford a respirable dose equivalent, than one obtained by nebulizing a solution for injection containing 500 

mg.  

 

Introduction 

Cystic Fibrosis (CF) is an inherited disease of the exocrine glands, primarily affecting the GI and respiratory systems. 

The accumulation of mucus in the lungs allows bacteria to grow more easily causing infections, lung damage and 

breathing problems. The current management of the pulmonary infections in CF patients is comprised of early 

treatment with a variety of therapies in an effort to prevent exacerbations or management without hospitalisation. 

Chronic treatment with antibiotics by inhalation represents the standard therapy in the management of lung infections 

in CF patients
1
. These included antibiotics belonging to the group of aminoglycosides. The approved treatment is 

constituted by the administration of tobramycin in form of nebulization or dry powder inhaler (DPI)
2
. Amikacin is not 

available as solution for nebulizer or powder to be inhaled but its injectable form is used "off-label" in several 

countries. 

The objective of this work was to study an amikacin dry powder inhaler, a suitable alternative to the tobramycin dry 

powder for inhalation by keeping as low as possible the amount of powder to be inhaled by the patient while 

maximizing the amount of active ingredient deposited in the lung. Furthermore, a comparison of the in vitro 

aerodynamic behaviour between the amikacin DPI and an amikacin liquid solution after nebulization was investigated. 

Materials and Methods 

Amikacin sulphate was spray dried with a small amount of sodium stearate (1% w/v) and coded AMK/NaST. Amikacin 

microparticles were obtained using a Mini Spray Dryer B-290 with process parameters described before
3,4

. Briefly, 

amikacin sulphate was dissolved in water (70 % v/v) and the excipient was solubilised in ethanol 96° (30% v/v). Both 

solutions were heated at 30°C and mixed together under stirring before to be sprayed.  

The particle size distribution of AMK/NaST and amikacin raw material was investigated by laser light scattering 

(SprayTec, Malvern, UK). The data obtained were expressed as of median volume diameter, D(v,0.5), as well as 10th 

and 90th percentiles, D(v,0.1), D(v,0.9). The loss on drying of AMK/NaST microparticles in comparison with that of the 

starting raw material was determined with a thermogravimetric analysis. The instrument used was a Mettler Toledo 

Thermogravimetric Analyzer (Mettler Toledo, Switzerland). About 5 mg of powder was introduced in a silica crucible 

and analysed from 25°C to 250°C at a heating rate of 10°C/min under a nitrogen stream flowing at 80 ml/min.  

The morphology of the spray dried powder was assessed by Scanning Electron Microscopy (SEM) (Sigma HD, Carl 

Zeiss, Germany), at EHT 1.00 kV.  
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Amikacin solution for injection (Likacin
 ®

 500 mg amikacin base/2ml), plus 1 ml of saline was nebulized with Pari 

Turbo boy equipped with a Pari LC plus cup. AMK/NaST powder was loaded in the DPI device (RS01, Plastiape, Italy) 

at the labelled dose of 125 mg of amikacin sulphate (correspondent to 94 mg of amikacin base) and investigated 

using the Next Generator Impactor (NGI). The device, capsule, Induction port and all sample stages were then 

washed into suitable volumetric flasks and quantified by the HPLC analysis.  

Total Delivered Dose and respirable fraction values of amikacin solution were determined according to European 

Pharmacopoeia 8.0 2.9.44 and using a sine pump. The delivered dose (DD) of AMK/NaST powder was the amount of 

drug ex-device measured from induction port (IP) to MOC.  

The fine particle mass (FPM) was the mass of drug particles with aerodynamic diameter lower than 5µm; the fine 

particle fraction (FPF) was the ratio between FPM and the total mass of amikacin collected in the impactor. The Mass 

Median Aerodynamic Diameter (MMAD) was determined by the % cumulative undersize on probability scale versus 

logarithmic aerodynamic diameter data. In all the cases the recovery was between 80% and 100%.  

 

Minimal Inhibitory Concentration (MlC) and the Minimal Bactericidal Concentration (MBC) against Pseudomonas 

aeruginosa were determined. Antibiotic stock solutions were prepared dissolving the powders in sterile deionized 

water and, then, diluted ten times with cation-adjusted Mueller Hinton broth (DIFCO, Sparks, USA) to a final volume of 

10 ml and then, on base two. Three to five colonies of Pseudomonas aeruginosa grown on Mueller Hinton agar plates 

were inoculated and incubated at 37°C on a shaker at 225 rpm for 4 hours. Within 30 min, a suspension (106 CFU/ml) 

was inoculated for each well, so that the final concentration of bacteria was approximately 5x105 CFU/ml. 

 

Results and Discussion 

The spray-dried AMK/NaST microparticles were manufactured successfully by spray drying according to the patent
4
. 

As expected the spray drying process afforded a significant reduction of the particle size with respect to the starting 

raw material as reported in the Table I. The water content was similar in all the produced spray dried powder, and not 

significantly different from that of raw material. 

 

 
Table I. Particle size distribution, water content (%) and amikacin base content (%) of amikacin sulphate raw material 
(r.m.) and sprayed dried AMK/NaST powder (n=3, mean value ± st. dev.). 
 

*amikacin base:amikacin sulphate ratio is 75:25. 

 
SEM pictures of the spray dried powder and amikacin raw material are reported in Figure 1. The spray dried 

microparticles were round shaped and in the 1-10 μm range, as opposed to the raw material that appeared in form of 

prismatic particles with size higher than 20 microns. 

 
  

Powder code D(v,0.1) D(v,0.5) D(v,0.9) Loss of drying 
(%) 

AMK base 
Content (%)* 

AMK r.m. 

 
7.08 ±  0.27 24.69 ±  0.86 51.55 ± 1.89 5.693 ± 0.398 69.29 ± 1.2 

AMK/NaST 1.36 ±  0.04 5.73 ±  0.29 13.76 ± 0.50 5.706 ± 0.396 69.30 ± 0.94 
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Figure 1. SEM pictures of amikacin raw material (A) and spray dried microparticles (AMK/NaST) (B, C) at the 
magnification of 1kX, 10kX and 30kX, respectively. 
 
  

 
 
 
 

 

 

 

 

       A                B           C 

 

Table 2. Loaded dose, delivered dose and respirability of liquid amikacin solution nebulized by Pari LC Plus and 
amikacin dry powder for inhalation (AMK/NaST) determined by next generation impactor, (n=3, mean value ± st. dev). 
 

*calculated on the base of the aerosol delivered dose and the FPF. 

 
 
The dosage of amikacin solution given off-label by nebulization is 500 mg/twice a day. At the end of the nebulization 

time, it was found that, more than 50% of the amikacin dose remained in the ampule, about 30% was dispersed in the 

environment and only 16.4% of the loaded dose was delivered as aerosol available for inhalation. The data reported 

in Table 2 indicate that the fine particle mass obtained upon aerosolization of 125 mg of AMK/NaST powder 

(containing 94 mg of amikacin base) was comparable to the one obtained after aerosolization of 667.5 mg of amikacin 

dissolved in saline. The data confirms that it is possible to obtain the same result of FPM reducing the loaded dose of 

the product and the time of administration. 

Table 3. Minimum lnhibitory Concentration (MlC) and Minimal Bactericidal Concentration (MBG) of Amikacin sulfate 
raw material and AMK/NaST against Pseudomonas aeruginosa. 
 
 

 

 

 

 

 

 

 
MIC value obtained for amikacin sulfate raw material (4μg/ml) was consistent with EUCAST data, was the same value 

of AMK/NaST microparticles. Moreover, amikacin raw material and AMK/NaST obtained similar MBC values as 

reported in the Table 3 suggesting similar microbial activity. 

 

Product 
Loaded Dose 

AMK Base 

(AMK Sulphate) 

Delivered Dose 

(mg) 
MMAD (μm) FPM< 5 μm (mg) FPF < 5 μm (%) 

AMK Liquid 
Solution 

500 mg 

(667.5 mg) 
81.8 ± 29.8 4.37 ±0.02 46.1 ± 0.1* 56.3 ± 0.1 

AMK/NaST 

DPI 

94 mg 

(125 mg) 
85.5 ± 6.4 2.47 ± 0.19 47.9 ± 5.5 69.1 ± 1.8 

Powder code 
MIC (μg/ml) 

 
MBC (μg/ml) 

 

AMK r.m. 4 8 

AMK/NaST 4 8 
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Conclusion  

AMK/NaST microparticles presented in vitro a high fine particle dose comparable to the solution to be nebulized 

keeping as low as possible the amount of powder to be inhaled by the patient while maximizing the amount of active 

ingredient deposited in the lung.  
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