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 Development and characterization of miconazole-loaded lipid nanoparticles against pulmonary mycoses  
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Summary 

The responsible pathogens for pulmonary mycoses can be commonly found in the environment, mainly 
Aspergillus and Candida fungal strains. The development of this severe condition is associated with chronic lung 
diseases and immunodeficiency. Azoles such as miconazole, is one of the first-line treatment with broad 
antifungal activity, however, it belongs to the II. group of Biopharmaceutical Classification System (BCS) with low 
water solubility. Therefore there is a need for development of an effective delivery tool for the local administration 
of this antifungal agent. Among colloidal carrier systems, solid lipid nanoparticles (SLN) have outstanding 
properties in terms of small particles size, high drug encapsulation capacity and tolerability. Therefore the aim of 
this study was to develop and characterize miconazole-loaded SLN against lung mycoses. Witepsol

® 
35 was used 

as a lipid phase. For five high pressure homogenization cycles at 600 bar prove to be a suitable method for 
developing lipid nanoparticles with the optimal particle size (182.0 ± 1.9 nm), polydispersity index (0.297 ± 0.03) 
and as high encapsulation efficiency as 99%. The encapsulation of the miconazole was further verified by DSC 
thermograms and FTIR spectra. The antifungal study proved that miconazole maintained its effectiveness against 
A. flavus and C. glabra fungus strains, the clear zones of inhibition could be well observed. This study provides 
evidence that SLN are suitable carriers of the poorly water soluble miconazole and represents a promising 
delivery system against pulmonary mycoses with potential broad antifungal activity. 

Introduction 

Pulmonary mycoses are severe conditions, mainly associated with chronic lung diseases and immunodeficiency. 
The causing pathogens are usually Aspergillus and Candida species which can be commonly found in the 
environment. Those patients who dealing with asthma, COPD and diabetes are at higher risk and the diagnosis of 
fungal infections of the lung is often delayed or missed

[1]
. Azoles such as miconazole is one of the first-line 

treatment besides amphotericin B
[1, 2]

. Miconazole has a broad spectrum of antifungal activity and it was proved to 
be effective against Aspergillus and Candida spp. as well

[3]
. However, it has low water solubility therefore it 

belongs to the BCS II. group (Biopharmaceutical Classification System)
[4]

. Generally, oral or intravenous 
administration of antifungal agents are applied, however, there is a need for local administration in order to 
minimize the unpleasant systemic side effects. Solid lipid nanoparticles (SLN) are able to improve the water 
solubility and bioavailability of BCS II. drugs with outstanding properties in terms of particles size and high drug 
encapsulation capacity

[5]
. Moreover, prolonged drug release with high tolerability and low toxicity could be 

achieved with the pulmonary administration of SLN
[6]

. Therefore SLN is a good candidate to encapsulate 
miconazole and to increase the effectiveness. Furthermore, particles with smaller size than 260 nm are able to 
escape from the phagocytosis of the macrophages

[7]
. Therefore the aim of this study was to optimize the 

production of miconazole-loaded SLN with small particle size (below 200 nm) and high drug loading capacity 
against pulmonary mycoses.  
 
Materials and Methods 

Materials 

Miconazole was purchased from BrightGene Bio-Medical Technology Co. Ltd, (China). L-α-Phosphatidylcholine 
(PPC) and sterile discs (Whatman No.1) were purchased from Sigma-Aldrich Ltd., (Germany). Ethanol 96%, 
Witepsol

® 
35 (W35), Tween

®
 80 (Polysorbate 80) and stearic acid were obtained from Molar Chemical Ltd., 

(Hungary). All other reagents used in this study were of analitical grade and water was purified with Milli-Q (Merck 
Ltd., USA). Amicon

®
 Ultarcentrifugal filter devices with regenerated cellulose membrane (molecular weight cut off 

30 kDa) were purchased from Millipore Ireland Ltd., (Ireland). 

Methods 
Preparation of lipid nanoparticles 

Preparation of miconazole loaded solid lipid nanoparticles (MCZ-SLN) was conducted by high pressure 
homogenization (HPH) method. Briefly, the miconazole (0.050, 0.100 or 0.150 g) was dissolved completely in 
Witepsol

® 
35 (0.25, 0.50 or 0.75 g, ~45 °C) and the mixture of surface active agents (0.5 g ethanol, 0.0075 g 

Tween
®
 80 and 0.03 g PPC). Later 10 ml of purified water (70 °C) was added under constant stirring (magnetic 

stirrer). These mixtures were prehomogenized for 3 minutes by Ultra-Turrax homogenizer (IKA® Works Inc., 
Germany) at 20,000 rpm and then further homogenized for 3, 4 or 5 cycles by an Avestin Emulsiflex B15 HPH 
(Avestin Europe GmbH, Germany) utilizing at 600 bar (26,106 psi) inlet pressure. The obtained MCZ-SLN 
nanoparticles were characterized in order to determine the effect of the number of homogenization cycles and 
amount of lipids on the particle size, polydispersity index (PDI) and entrapment efficiency (EE). The aim was to 
minimize the particle size, PDI and maximize the entrapment efficiency.  
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Particle size measurement 

The mean particle size and the PDI of the samples were obtained by using Malvern Zetasizer Nano Zs (Malvern 
Instruments Ltd, UK). The equilibration time was 120 sec respectively, with PCS115 glass cuvette cell. All 
measurements were performed in triplicate (n=3) at 25 °C and presented as mean ± standard deviation (SD). 

Investigation of encapsulation efficiency (EE)  

The concentration of entrapped miconazole was determined indirectly by using ultrafiltration technique. The 
aliquot (0.5 ml) of undiluted samples were placed into an Amicon

®
 Ultarcentrifugal filter device and centrifuged for 

10 minutes at 12000 g. The filtered aqueous phase contained the unencapsulated miconazol and its 
concentration was determined by HPLC (Agilent 1100, Agilent Technologies, USA) equipped with UV detector. 
Agilent C18 column (4.6 mm × 150 mm, 5 μm) was applied as a stationary phase and 10 µl of the samples were 
injected. The mobile phase consisted of 70% acetonitrile and 30% of 0.05 M sodium dihydrogen phosphate buffer 
and run isocratically at room temperature at a flow rate of 0.7 ml/min. Miconazole was detected by UV detector at 
254 nm. The EE was calculated according to Eq.1. 

EE (%) = [(Total drug content- Amount of free drug)/ Total drug content] x 100  (1) 
 
Differential scanning calorimetry (DSC) 

DSC analyses were performed on MCZ, empty SLN, physical mixture (miconazole and empty SLN) and MCZ-
SLN. Accurately weighted samples (2 mg) were placed into aluminum pans and equilibrated to 25°C. The pans 
were then heated at a rate of 10°C/min in a range of 10–150 °C by using an Exstar 6000 DSC (Seiko Instruments 
Inc., Japan). An empty aluminum pan was used as reference. All measurements were performed in triplicates.  

Fourier transform infrared spectroscopy (FTIR) 

The FTIR spectra of MCZ, empty SLN, physical mixture (miconazole and empty SLN) and MCZ-SLN were 
recorded by FTIR spectrometer (Alpha Bruker Corp., USA) in the range of 4000–400 cm

-1
. 

Antifungal study  

The antifungal activity of the miconazole-loaded lipid nanoparticles was investigated by paper disc diffusion 
method. Initially, a sterile agar medium was inoculated with the fungal suspensions of Candida glabrata and 
Aspergillus flavus strains (malt yeast agar media for C. glabrata, malt extract agar media for A. flavus). Then, 

sterile discs (5 mm in diameter) were impregnated with 2 µl SLN dispersions and placed into the Petri dishes. All 
the plates were incubated at 40°C up to 10 days due to development of the fungi. The zones of growth inhibition 
around the disc were measured after the specified period of incubation and empty SLN were used as negative 
control. The clear zone of inhibition was analysed in mm. 

Results 

Optimization of MCZ-SLN  

The aim of the preliminary experiments was to investigate the influence of HPH method on nanoparticle 
formation. It was found that 5 homogenization cycles resulted the lowest particle sizes and PDI values (Fig.1.). 

Therefore all of the miconazole loaded samples were homogenized 5 times.  
Table 1. summarizes the correlation between particle size, PDI and encapsulation efficiency. It can be seen that 

the particle size is decreased at higher lipid concentrations (0.50 and 0.75) but there was no significant difference 
between 0.5 g and 0.75 g W35 in terms of particle size. However, the encapsulation efficiency is extremely high 
(99%) even at the lowes lipid content (0.25). For the further characterization, the SLN 11 formulation was chosen 
due to the small size (182.0 ± 1.9 nm), low PDI value (0.297 ± 0.03) and high miconazole content (0.100 g, EE: 
99.5%). 

Figure 1 – The impact of homogenization cycles on particle size and polydispersity index  
(bars: particle size, line: PDI) 
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Table 1. The effect of lipid and miconazole on the particle size and PDI 

 

Sample name 
Witepsol

® 
35 

(g) 
MCZ 
(g) 

Particle size 
(nm) 

Polydispersity 
index (PDI) 

EE 
(%) 

SLN 1 0.25 - 139.9 ± 11.2 0.261 ± 0.03 - 

SLN 2 0.25 0.50 309.3 ± 28.5 0.482 ± 0.02 99.8 

SLN 3 0.25 0.100 266.2 ± 16.3 0.444 ± 0.06 99.9 

SLN 4 0.25 0.150 208.8 ± 8.6 0.382 ± 0.01 99.9 

SLN 5 0.50 - 178.9 ± 4.5 0.266 ± 0.03 - 

SLN 6 0.50 0.50 176.4 ± 2.3 0.303 ± 0.08 99.6 

SLN 7 0.50 0.100 178.1 ± 3.4  0.328 ± 0.02 99.0 

SLN 8 0.50 0.150 178.0 ± 2.7 0.313 ± 0.04 99.8 

SLN 9 0.75 - 164.9 ± 13.8 0.313 ± 0.02 - 

SLN 10 0.75 0.50 179.8 ± 4.2 0.318 ± 0.01 99.1 

SLN 11 0.75 0.100 182.0 ± 1.9 0.297 ± 0.03 99.5 

SLN 12 0.75 0.150 181.1 ± 3.8 0.367 ± 0.01 99.3 

DSC analysis 

DSC measurement was performed to study the physical state of the samples. Thermograms of miconazole, 
empty SLNs, physical mixture and MCZ-SLN (SLN 11) are shown in Fig. 2. A sharp endothermic peak observed 
at 83°C is the melting point of miconazol and without impurities (Fig. 2. a). The recorded broad peak at 35°C is 
originated from the heterogenous W35 in the SLN formulation (Fig. 2. b).  Thermogram of MCZ-SLN was similar 
to empty nanoparticles but only the thermal characteristics of W35 could be seen (Fig. 2. c). On the contrary, the 
endothermic peaks of both are presented in the physical mixture (Fig. 2. d). 

  

Figure 2 and 3 – DSC thermograms and FTIR spectra of miconazole (a), empty lipid nanoparticles (b), 
physical mixture (c) and miconazole-loaded lipid nanoparticles (d) 

FTIR analysis 

FTIR analysis was conducted to measure the changes in chemical structure of miconazole and to detect the 
possible interactions between the excipients in the formulation. The spectrum of MCZ (Fig.3. a) exhibited 

characteristic peaks of imidazole C-N stretch at 3140 cm
-1

, aromatic C-H stretch at 3070 cm
-1

, C=C aromatic 
vibration at 1566 cm

-1 
and 1525 cm

-1
 and C-C stretch at 1070 cm

-1
. In the spectrum of empty SLN (Fig. 3. b), the 

main characteristic peaks of W35 such as C-H stretching band at 2920 cm
-1 

and 2850 cm
-1 

of long fatty acid chain 
and C=O stretching band at 1727 cm

-1 
and 1740 cm

-1 
could be mainly observed. PPC also has the characteristic 

C-H stretching bands of long fatty acid chain at 2920 cm
-1 

and 2827 cm
-1

 and C=O stretching band at 1734 cm
-1

. 
P=O stretching at 1237 cm

-1
, P-O-C stretching at 1058 cm

-1
 and N

+
(CH3)3 stretching at 974 cm

-1 
could be 

identified. The spectrum of the physical mixture of empty SLN and miconazole (Fig. 3. c) showed the summation 
of the vibrational frequencies of the individual components. In the FTIR spectrum of the MCZ-SLN (SLN 11) (Fig. 
3. d), the main characteristic peaks of W35 could be well observed and most of the banding vibrations of MCZ are 

decreased. 

Antifungal study 

Antifungal activity of MCZ-SLN (SLN 11) was proved by disk diffusion test. After 10 days clear zones of inhibition 
in case of MCZ-SLN were observed as shown in Fig. 4. On the contrary, empty SLN did not inhibited the growth 
of the A. flavus and C. glabra strains. In case of C. glabra, the diameter of inhibition zones was 25 mm and 10 
mm for A. flavus.   
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Figure 4 – Antifungal activity of empty and miconazole-loaded lipid nanoparticles 

 

Discussion 

Smaller particle size of a colloidal carrier system could ensure low irritation and increased biocompatibility. HPH 
method is commonly used technique to produce SLN

[5]
. Generally, the more homogenization cycles applied, the 

lower PDI could be achieved
[8]

. In this study, 600 bar homogenization pressure was used for 3-5 homogenization 
cycles to avoid the excessive temperature increase of the samples. 5 cycles resulted the lowest particle size and 
PDI values, assuming that the population of nanoparticles tends to a monodisperse system (PDI~0.3). The effects 
of the concentration of lipid on particle size was investigated as well as the EE (%). To achieve small size and 
narrow distribution, the optimal proportion of lipid and drug should be used. However, the encapsulation efficiency 
is 99% even at the lowest lipid concentration applied (0.25 g). For the further characterization, the SLN 11 
formulation was chosen due to the small particle size, low PDI value and optimal miconazole content (99.5 mg). 
Based on the available products in the market (tablet and gel), a single dose would be 100 mg. However, 
considering the pulmonary administration and the bioavailability improvement by SLNs, further investigations are 
required to determine the dosage. DSC measurement demonstrated that thermogram of MCZ-SLN was similar to 
the curve of empty nanoparticles due to the encapsulation of MCZ. This was further supported by the diagram of 
the physical mixture where the endothermic peak of MCZ appeared. FTIR analysis makes possible the quick and 
efficient identification of the compounds based on their functional groups and bond vibrations. The spectrum of 
empty SLN formulation showed the peaks of individual components, mainly W35 and PCC. This suggested that 
there was no recrystallization and interaction between the excipients during the HPH. The characteristic peaks of 
the drug could be seen in the physical mixture, as expected. In the spectrum of MCZ-SLN, some characteristic 
banding vibrations of MCZ could be observed which indicates the presence of drug without any chemical 
modification. Antifungal study proved that miconazole maintained its effectiveness. Empty SLN formulation was 
used as control. The lack of clear zone suggested that the excipients have no antifungal activity against these 
strains, however, the clear zone of inhibition against A. flavus and C. glabra indicated antimicrobial efficacy of 
MCZ-SLN formulations. The diameter of inhibition zones were different which can be attributed to the diverse 
fungus strains.  
 
Conclusion 

This study provides evidence that solid lipid nanoparticles are suitable carriers of the poorly water soluble 
miconazole. W35 is an applicable lipid to form nanoparticles with as high encapsulation efficiency as 99%. The 
developed MCZ-SLN represents a promising delivery system against pulmonary mycoses with potential broad 
antifungal activity. The authors intend to conduct further experiments to investigate the aerodynamic properties of 
the nanoparticles after spray drying.   
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